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Lebanon

Antoine Skaf
Zeina Habib

Educational Center for Research and Development
Lebanon Ministry of Education

Intfroduction

Overview of the Education System

The education system in Lebanon is centralized, with the Ministry of Education
and Higher Education regulating all educational institutes in the public sector.
However, schools are not regulated directly; regional education bureaus at the
center of each province monitor public schools within the province and serve
as liaisons between the public school and the directorates of education at the
ministry’s headquarters in Beirut. Decisions are conveyed to these directorates
and then circulated to the schools. Private schools, however, have their own
organization, though they are still subject to the authority of the ministry with
regard to educational decisions.

The Educational Center for Research and Development (ECRD) is an
autonomous administrative organization under the trusteeship of the Ministry
of Education and Higher Education. ECRD’s tasks include drafting academic
and vocational curricula for the pre-university education stage, conducting
any revisions and modifications as needed, and preparing all means and ways
for applying these curricula, including required teaching methodologies.
ECRD prepares the curricula in all subject areas, including mathematics
and science, provides teacher training, writes textbooks, and conducts
evaluations. ECRD also conducts educational research and secures training for
pre-university teachers.

The current structure of the education system in Lebanon divides pre-
university education into three stages:

¢ Kindergarten (ages 5-6);

¢ Basic Education—Primary level (Cycle 1, Grades 1-3; and Cycle 2,
Grades 4-6), and intermediate level (Cycle 3, Grades 7-9); and

¢ Secondary Education—Secondary level (Cycle 4, Grades 10-12).
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Schooling in Lebanon is compulsory through Grade 6 (i.e., kindergarten
plus the 6 years of primary education). Private schools usually include all pre-
university grade levels (kindergarten, basic education, and secondary education).
Some public schools only have basic education grades, while others also include
kindergartens. Most public schools include secondary education grades.

Public schools are financed by the Ministry of Education and Higher
Education, while private schools receive funding through student fees. However,
the processes involved in drafting and modifying curricula and providing
teacher education are financed mainly by nongovernmental organizations,
private companies, or international bodies, including the United Nations
Development Programme and the World Bank.

The Lebanese curriculum is used at all schools in Lebanon, whether public
or private. If a school wishes to implement a foreign curriculum (e.g., French,
English, or international), the school must implement both Lebanese and
foreign programs at the same time.

Languages of Instruction

Mathematics and science instruction in public and private schools is conducted
in Arabic throughout the first and second cycles of basic education, though
these subjects also may be taught in a foreign language (e.g., French or English).
In the third cycle, instruction in mathematics and science is conducted in a
foreign language (French or English).

Mathematics Curriculum in Primary and
Lower Secondary Grades

The curriculum assures that students who complete Cycle 2 of basic education
(Grades 4-6) have the necessary skills and a solid foundation in mathematics.

Thus, students must be able to do the following in the mathematical domains
described below: !

¢  Mathematical Reasoning—Find patterns in a sequence and generalize
them; extract general statements from specific contexts; and argue by
providing an analogy and giving examples and counter-examples.

¢ Problem Solving—Visualize situations and handle information; use and
apply mathematics in various domains, especially in technology; verify
results; and use calculators to carry out the four arithmetic operations.

¢  Communication—Read, understand, and interpret a mathematical text
by translating it into figures, representations, or equations; and translate
a given mathematical relation into spoken language.

TIMSS 2011 ENCYCLOPEDIA
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¢ Spatial —Represent locations on a map; characterize various plane (two-
dimensional) figures and use geometric instruments to represent them;
and develop an understanding of some solid (three-dimensional) figures.

¢ Numerical—Master the Indo-Arabic system of numeration; recognize
decimal numbers; master all types of calculation, including mental;
learn to use a calculator (for integers and decimals); and perform simple
operations with fractions, and estimate results.

¢  Measurement—Measure perimeters, areas, volumes, and angles; and use
metric units.

¢ Statistics—Collect and interpret data.

Exhibit 1 presents a summary of the mathematics concepts and skills to be
covered in Grade 4 (Cycle 2 of basic education).

Exhibit 1: Mathematics Content in Basic Education, Grade 4

Arithmetic and Numbers Natural numbers
Algebra Integers
Fractions

Decimals

Operations Addition
Subtraction
Multiplication

Division

Geometry Location Distance from a point to a straight line

Location of a point on a square grid

Solid Figures Building models

Plane Figures Intersecting lines and parallel lines

Classification of quadrilaterals according to their
sides

Circles and discs

Transformations Drawing symmetrical figures with respect to an axis
Measurement Length Metric units of length
Mass Metric units of mass
Area Comparison of areas
Angles
Volume Liter and its submultiples
Statistics Handling Data Collecting and organizing data
TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA
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In Cycle 3 of basic education (Grades 7-9), students must be able to do the

following in the mathematical domains described below: 2

¢

Mathematical Reasoning—Find connections between the real world and
mathematical models, and between these models and concepts; find the

generating formula of a sequence; write simple proofs; and recognize an

incorrect proof.

Problem Solving—Analyze a situation and deduce the relevant

elements; look for necessary information to clarify an incomplete set of
information; construct a mathematical model associated with a situation;
choose a strategy to find a solution; deconstruct a problem into simpler
tasks, and (conversely) combine necessary facts to reach a conclusion;
and use a calculator.

Communication—Read, understand, and use mathematical notation and
language; and present work orally or in writing with clarity and rigor,
especially when writing a proof.

Spatial—Construct geometric figures based on a given set of conditions;
represent solid (three-dimensional) figures; prove theorems about

the properties of plane (two-dimensional) figures; and perform
transformations on figures.

Numerical—Find and use relations among numbers; extend
computational techniques to literal expressions; and estimate answers.

Measurement—Measure areas and volumes.

Statistics—Make representations of statistical problems and read them;
and calculate the mean of a statistical distribution.

Exhibit 2 presents a summary of the mathematics concepts and skills to be

covered in Grade 8 (Cycle 3 of basic education).

Exhibit 2: Mathematics Content in Basic Education, Grade 8

Arithmetic and Numbers Natural numbers

Algebra Integers
Fractions
Decimals

Square Roots

Operations Powers of a positive number with a positive integer
exponent

Powers of a negative integer exponent of 10

Proportionality Inverse proportionalities
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Arithmetic and Algebraic Expressions Common identities

Algebra Literal expressions with fractional forms
Equations and Equations of the following types: (ax + b) (cx+d) =0
Inequalities

Equations and inequalities of the first degree
with one unknown

Geometry Location Relative positions of two circles
Geometric loci and constructions

Coordinates of the midpoint of a segment

Solid Geometry Three-dimensional representations of cylinders,
pyramids, cones, and spheres

Relative positions of lines and planes

Plane Figures Pythagorean theorem

Theorem of midpoints in a triangle and in a
trapezoid

Characteristic properties of a parallelogram

Central angle in a circle and inscribed angle in a
circle

Area of a circular sector

Transformations and Vector and translation
Figures
Statistics Handling Data Cumulative exact values and frequencies

Representation of data, including circular diagrams
and cumulative frequency polygons

Science Curriculum in Primary and
Lower Secondary Grades

Science plays an important role in everyday life, and it manifests itself in all
aspects of human activity. Consequently, it is important that students become
lifelong learners of science, by learning it at school and extending science
learning beyond school.

To achieve this goal, the general objectives of science teaching are the
following: *
¢ Develop students’ intellectual and practical scientific skills;

¢ Deepen students’ awareness of man’s ability to understand, invent, and
create;

¢ Understand the nature of science and technology, their development
across history, and their impact on human thought;

¢ Ensure that students have acquired the facts, concepts, and principles
necessary to understand natural phenomena;

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA
, International Study Center

Lynch School of Education, Boston College LEBANON 537




¢ Motivate students to apply basic scientific principles to all sciences;

¢ Explain the scientific concepts and principles behind commonly used
machines and devices;

¢ Acquire knowledge about health, the environment, and safety practices,
and behave accordingly;

¢ Realize that some natural resources can be depleted, and make the
student aware of science’s role in sustaining these resources;

¢ Encourage students to use scientific knowledge and skills in novel
situations, especially in everyday life;

¢ Emphasize the role of scientists in the advancement of mankind;

¢ Encourage students to be open to the ideas of scientists from different
cultures, and understand their contributions to the advancement of
science;

¢ Encourage students to abide by scientific values, such as honesty and
objectivity;

¢ Develop students’ scientific curiosity and orientation toward scientific
research;

¢ Encourage students to work independently and cooperatively when
solving scientific problems; and

¢ Make students aware of career possibilities in different science-related
areas.

Exhibit 3 presents a summary of the science concepts and skills to be
covered in Grade 4 (Cycle 2 of basic education).

Exhibit 3: Science Content in Basic Education, Grade 4

Plants and Their Fresh water plants
Habitats Classification of plants
Animals and Their Fresh water habitat
Habitats

Classification of animals

Man and His Health The human body, its structure, and system of movement

Food pyramid

Man and the (Included in the other themes)
Environment
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Concepts and Skills Covered

Matter and Energy Properties of matter
Mixture
Magnets
Electricity

Sound

Earth and the Universe  Soil
Formation of soil
Clay
Rocks

Fossils

Exhibit 4 presents a summary of the science concepts and skills to be
covered in Grade 8 (Cycle 3 of basic education). At this level, life science and
Earth science are taught together as one course.

Exhibit 4: Science Content in Basic Education, Grade 8

Life and Earth Nutrition
Science Reproduction and Puberty and adolescence
Genetics Reproductive organs
Functioning of the reproductive system
Fertilization, development, and birth
Birth control
Sexually transmitted diseases, including AIDS
Immunology Immunological specificity
Deficiencies and disorders of the immune system
Preventive and curative methods
Earth and the Geology, including Earth science

Environment Manifestations of Earth's activities

Structure and dynamics of the Earth
Circulation of matter on Earth

Geology and human responsibilities

Chemistry Classification and Pure substances, including elements, compounds,
Constituents atoms, molecules, ions, and symbols and formulas
of Matter

Allotropes, including diamond and graphite

Chemical Reactions and  Electrical nature of matter, including electrification,
Energy electric discharge, conductors and insulators, and
electricity and safety

Chemical reactions, including chemical equations,
types of chemical reactions, and rate of chemical
reactions
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Chemistry Chemical Reactions and  Acids, bases, and salts, including acidic and basic
Energy solutions, acidity and the concept of pH and salts
Applications
Physics Mechanics Motion and speed

Force, including effects and classification

Work, power, and forms of energy

Heat

Waves Characteristics of waves, including sound waves
Electromagnetic waves and colors

Optics Rectilinear propagation of light

Reflection of light and plane mirrors

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Mathematics is taught for five periods per week throughout basic education
(Grades 1-9), for a total of 150 periods per year. Instructional time for
science is more variable across grades and subjects. Exhibits 5 and 6 present
the instructional time for science per week and per year at the primary and
intermediate levels of basic education.

Exhibit 5: Distribution of Science Instruction in Basic Education, Grades 1-6 (Primary Level)

Number of Periods Per Week

Number of Periods Per Year 60 60 90 120 120 150

Exhibit 6: Distribution of Science Instruction in Basic Education,
Grades 7-9 (Intermediate Level), by Subject

e [ 7 [ 8 | o

Number of Periods Per Week 3 2 2
Number of Periods Per Year 90 60 60
Number of Periods Per Week 1.5 2 2
Number of Periods Per Year 45 60 60
Number of Periods Per Week 1.5 2 2
Number of Periods Per Year 45 60 60
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Instructional Materials, Equipment, and Laboratories

In public schools, only books produced by ECRD are used. In private schools,
every institution is allowed to choose books produced either by ECRD or
by private publishers. Science laboratories and equipment also are available
in schools.

Use of Technology

The curriculum designates weekly periods for teaching students to use
computers as a separate subject. However, neither teachers nor students are
required to use computers in their courses, particularly in mathematics and
science. The use of calculators (most kinds) is required in mathematics and is
optional in other subjects.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

In Cycles 1 and 2 of basic education (Grades 1-6), generalist teachers teach
mathematics and science, and the same teacher may teach mathematics, science,
and language lessons. In Cycle 3 (Grades 7-9), there are two classes of teachers:
generalist and specialized. All teachers in secondary education (Grades 10-12)
must be specialists in the subject they teach. For example, a teacher who teaches
a chemistry course must be a university graduate with a degree in chemistry.

Homework Policies
The curriculum does not contain any specific policy statements about homework.
However, in practice, homework is given to students in Cycles 1 and 2
(Grades 1-6) once or twice a week, depending on the course and available
teaching hours. Homework is corrected and evaluated by teachers. In Cycle 3
(Grades 7-9), homework is given in the form of exercises and problems to be
prepared at home for subsequent correction.

Currently, ECRD is developing an evaluation system that will consider
homework assignments in terms of types of homework, how much is assigned,
and the evaluation methodologies used.

Teachers and Teacher Education

Teacher Education Specific to Mathematics and Science

As previously described, mathematics and science teachers in Cycles 1 and 2
(Grades 1-6) are general classroom teachers, not subject specialists. These
teachers fall into the following two categories:

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA

al), |nternational Study Center

Lynch School of Education, Boston College LEBANON

541



542

¢ Category 1—Teachers who are graduates of teacher education centers
and either have completed three years in a center after obtaining their
intermediate school certificate, or have completed a year and a halfin a
center after obtaining their secondary school certificate and are trained
to teach all subjects (except languages).

¢ Category 2—Teachers who have obtained their secondary school
diplomas and have not attended a center but have gone on to complete
university courses.

Cycle 3 (Grades 7-9) teachers fall into the following three categories:
¢ Categories 1 and 2—(See above).

¢ Category 3—Teachers in the public sector who have a university degree
in instructional pedagogy or are graduates of a university department of
education.

Within the private sector, most teachers either belong to Category 2 or 3,
and they are officially recognized as teachers on contract with private schools.
The first category (i.e., graduates of teacher education centers) does not apply
to private schools.

In order to fill vacancies resulting from the growth of public school
attendance, particularly at the intermediate and secondary levels, the
government recently instituted examinations to appoint secondary schools
specialist teachers. These individuals were required to have university degrees
in the subjects they were to teach. Once they passed the examination, these
teachers were required to complete a one-year preparatory period within a
university department of education in order to qualify for a teaching diploma
in the relevant specialty.

Requirements for Ongoing Professional Development
Since the 1998-99 school year, all teachers have completed professional
development sessions and have been required to attend refresher courses.
Mathematics and science teachers attend special professional development
sessions focused on active methodologies for teaching and learning in
laboratories. Such sessions are conducted as qualification courses during
summer vacations and as follow-up courses during the school year.

In order to monitor teacher performance and offer professional
development on using technology, information, and communication technology,
ECRD conducts training sessions at teacher training centers and secondary
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schools, as well as at other public schools. These sessions are offered outside of
official working hours throughout the year.

Monitoring Student Progress in Mathematics and Science

Lebanon has three types of examinations: school, official, and central official
examinations.
¢ School Examinations—Students attending public schools in

Cycles 2 and 3 (Grades 4-9), as well as secondary level students
(Grades 10-12), take two examinations during the school year, in
addition to monthly tests.

¢ Official Examinations—Private schools apply the same examination
system as public schools; however, students at private schools take three
term tests each school year.

¢ Central Official Examinations—All students in public or private schools
must take the central official examinations at the end of the basic
education stage (Grade 9) to obtain an Intermediate Certificate, which is
required for those who plan to pursue secondary education. At the end
of the secondary stage (Grade 12), students are required to take all four
portions of this examination—general science, life sciences, economics-
sociology, and arts-humanities—in order to obtain a General Secondary
School Certificate. Students may not enter university unless they obtain
the General Secondary School Certificate. Students’ school results are
not taken into account in official examinations.

In public schools, students are promoted to the next grade, or repeat
the same grade, based on the results of the examinations mentioned above.
However, in Cycles 1 and 2, students are automatically promoted, and weaker
students can receive remedial education through a booster program offered
by the school. In private schools, the decision to promote or not to promote a
student is made by considering results from the same tests and examinations
administered to public school students.

Impact and Use of TIMSS

Since Lebanon began participating in TIMSS in 2003, no modifications or
reviews have been made to the mathematics and science curriculum. Presently,
however, ECRD is reviewing the curricula along with subject textbooks. In
particular, ECRD is considering the results of TIMSS 2003, TIMSS 2007, and
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TIMSS 2011, among other assessment results, for revisions to the eighth grade
mathematics and the science curricula.* Because ECRD is the only official
governmental institution that develops curricula in Lebanon, the president of
ECRD is involved in the process of considering TIMSS results and their impact
on mathematics and science reform for the eighth grade.

Suggested Readings References
Educational Center for Research and 1 Educational Center for Research and
Development, Ministry of Education and Development, Ministry of Education
Higher Education. (n.d.). Retrieved from and Higher Education. (1997). General
http://www.crdp.org/CRDP/default.htm objectives of the curricula and their
details. Beirut: Author.
2 Ibid.
3 Ibid.

4 Educational Center for Research and
Development, Ministry of Education
and Higher Education. (1994). Plan for
educational reform in Lebanon. Beirut:
Author.
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Lithuania

Aisté Elijio

Vilnius University

Intfroduction

Overview of the Education System

In Lithuania, the parliament defines the basic principles, structure, and
objectives of education, while the Ministry of Education and Science devises
and implements education policy through its various institutions. The
ministry defines the curriculum in use throughout the country, and also
determines teacher salaries, requirements for teacher qualifications, priorities
for qualification development, and the assignment of educational staff. Local
municipalities are responsible for administering and financing most general
education and vocational schools (except some national-level schools).

Preprimary education in Lithuania is optional for children ages 1-6.
Primary school consists of Grades 1-4 and is followed by basic school, which
comprises Grades 5-10. Education is compulsory for all students up to the
age of 16. Primary and basic schools follow a national curriculum, which
schools and teachers are expected to adapt to their needs.

Upper secondary school consists of Grades 11 and 12. Gymnasia
form a parallel system of education lasting four years and corresponding to
Grades 9-12. Currently, schools are being reorganized so that there will be
just three types of public schools: primary schools (Grades 1-4), pre-gymnasia
(Grades 1-8 or 5-8), and gymnasia (Grades 9-12).

In Lithuania, many students proceed to universities after finishing
secondary education. Because many universities require good results on
mathematics examinations for admission, mathematics education is emphasized.
The majority of students in secondary school choose to study higher-level
mathematics, but the same cannot be said of the sciences. There are, however, a
number of initiatives to promote mathematics and science in schools, including
various competitions ranging from traditional Olympiads oriented towards very
gifted students to those that are attractive to and can be achieved by most of the
students and serve to promote interest in these subjects.
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Languages of Instruction

In Lithuania, the official national language is Lithuanian, and the main
minority languages include Russian and Polish. In most schools, the language
of instruction is Lithuanian, but there are still a considerable number of schools
with a language of instruction other than Lithuanian—mainly Russian or
Polish. All schools with a language of instruction other than Lithuanian teach
Lithuanian as a national language in addition to language of instruction as a
mother tongue. In primary and basic schools, mathematics and science are
taught in the language of instruction of the school.

Mathematics Curriculum in Primary and
Lower Secondary Grades

According to the official national curriculum, mathematics education in
primary school (Grades 1-4) aims to develop students’ calculation, reasoning,
and formalizing skills, as well as to develop students’ visual, spatial, and
statistical thinking.! Understanding and applying known mathematical
concepts, models, methods, and relationships allows students to better know
the world, solve everyday life problems, and adopt the culture of human
thought and action developed through the centuries. Knowledge gained in
various mathematical content areas should help students orient themselves in
everyday life and prepare for further successful study of mathematics, natural
sciences, and technologies. Through mathematics study, students should be able
to communicate and collaborate using mathematical concepts as a means of
conveying information, learn to use mathematical vocabulary and symbols,
adopt elements of mathematical reasoning, and solve simple problems from
everyday life that correspond to their experience and interests. Students should
understand the importance of mathematics for their own and others’ lives and
its applicability in various spheres of practical human endeavors. Lastly, students
should value the honesty, perseverance, and creativity needed for intellectual
work, and desire additional mathematical knowledge and skills.

The primary school curriculum comprises several mathematics
content areas: numbers; expressions, equations, and inequalities; geometry;
measurement; and statistics. In the context of numbers, most attention focuses
on students’ developing strong skills in mental and written calculations in order
to learn the names and components of arithmetic operations and the concepts
of number, digit, and fraction (although students do not apply arithmetic
operations to fractions in primary school). Exhibit 1 summarizes the knowledge
content and specialized skills students learn in mathematics in Grades 3-4.
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Exhibit 1: Mathematics Learning Objectives and Expectations, Grades 3-4

Numbers Read and write natural numbers up to 10,000, simple fractions with the following
denominators of 2, 3,4, 5,6, 7,8,9, 10, 100, and decimal fractions with no more than two digits
after the decimal point;

Compare numbers of the same type, correctly using symbols such as <, >, or =;
Identify how close a given number is to which multiple of ten, one hundred, or one thousand;
Carry out practical counting tasks;

Add and subtract natural numbers, multiply and divide by one- and two-digit numbers, and
round three- or four-digit numbers (e.g., 100 or 1,000);

Solve simple real-life and abstract problems, and estimate and check the results of calculations;
and

Explain the appearance of remainders from division in the context of concrete situations.

Expressions, Equations,  Calculate values of simple numerical expressions or quantities;

and Inequalities Describe everyday practical and mathematical situations using simple numerical expressions;

Use the commutative and distributive properties of addition and multiplication when
rearranging simple numerical expressions; and

Solve simple equations and inequalities in more than one variable by guessing the answer and
checking the result.

Geometry Recognize and draw points, segments, triangles, rectangles, squares, circles, cubes,
parallelepipeds, pyramids, cones, and spheres;

Show elements of triangles and rectangles (e.g., side, angle, and vertex) in models and
sketches;

Show radii of circles, edges, and vertexes and walls of cubes, parallelepipeds, and prisms in
sketches;

Identify symmetry in objects or geometric plane figures; and

Apply knowledge about plane and solid figures to solve simple problems.

Measurement Correctly read and write measurement results;
Draw segments of a given length, rectangles of given dimensions, and circles of given radii;

Estimate parameters of simple objects and things (e.g., length, width, and volume in liters),
without using measuring instruments;

Solve simple problems in which measurements are needed to carry out operations;
Use calendars and schedules;
Calculate average speed given distance and elapsed time; and

Calculate the perimeter of a triangle and quadrilateral and the area of a rectangle.

Statistics Collect data from the surrounding environment and display in a frequency table;

Read information from bar graphs, pictograms, and frequency tables, and represent given (or
collected) data in a bar graph; and

Answer simple questions and draw simple conclusions based on given (or collected) data.

The basic education curriculum (Grades 5-10) emphasizes a strong
knowledge of various mathematical content areas for orientation in everyday
life and building a strong foundation for successful study of other subjects,
such as the natural sciences and technology. It is expected that students should
be able to communicate and collaborate using mathematical concepts as a
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means of conveying information, learn to use mathematical vocabulary and
symbols, adopt elements of mathematical reasoning and activity, and conduct
mathematical investigations of simple problems from every-day life. Further,
students should be able to solve mathematics problems and understand and
use relationships from mathematics. The curriculum conveys the need for
students to understand the historical evolution of mathematics and explore
ideas about modern areas of mathematics that contribute to advances in natural,
social, and computer sciences. Students should recognize the importance of
mathematics for society, its objectivity, and its practical applicability to various
areas of human activity. Mathematics instruction aims to motivate students to
seek mathematical knowledge and develop openness, perseverance, and positive
attitudes toward change, will power, desire, and responsibility, as well as the need
to learn and remain interested in other subjects which depend on mathematics.

At this level of education, the curriculum divides knowledge and
special mathematical skills into several content areas: numbers; expressions,
equations, inequalities and their systems; relationships and functions; geometry;
measurement; statistics; and probability theory. The curriculum then further
divides general skills and attitudes into knowledge and understanding,
mathematical communication, mathematical reasoning, problem solving, and
the ability to learn and become interested in mathematics. Exhibit 2 summarizes
the knowledge content and specialized skills students learn in mathematics in
Grades 7-8.

Exhibit 2: Mathematics Learning Objectives and Expectations, Grades 7-8

Numbers Read, write, and compare rational numbers, place them on a number ling, round them to a
specified digit, and use them in arithmetic calculations;

Raise a rational number to a whole number power;
Find square or cube roots of rational numbers;
Continue to develop problem solving skills involving percentages; and

Use a calculator to carry out various calculations and to check results.

Expressions, Equations,  Calculate values of simple numerical and algebraic expressions that may include two or three
Inequalities, and Their arithmetic operators, exponents, square roots, brackets, and one or two variables;

Systems Rearrange terms in polynomials and factor them in simple cases;

Apply attributes of whole-number exponents, square, and cube roots in simple cases;

Solve first degree equations and equations in the form of A(x) B(x) = 0, where A(x), B(x) are first-
degree binomials; and ax>=band ax>=b (a, b > 0); and

Solve simple first-degree inequalities.
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Content Area Objectives and Expectations

Relationships and Represent two directly or inversely proportional quantities with tables, graphs or formulas, and
Functions apply the concept of proportionality; and

Draw a figure symmetrical to a given one by applying point or line symmetry.

Geometry Classify angles, triangles, and quadrangles according to given attributes;
Apply properties of adjacent and vertical angles, and parallel lines in solving simple problems;

Explore properties of triangles (isosceles and equilateral) and quadrilaterals (parallelogram and
trapezoid), and apply the properties of congruence to triangles and symmetry to figures (point
and line);

Prove simple statements by using geometric properties (e.g., triangle congruence, the sum of
triangle or quadrilateral angles, and the Pythagorean theorem);

Draw right triangles or quadrilateral prisms, cylinders, cones, spheres, and regular pyramids,
and name their elements; and

Make models of right triangles or quadrilateral prisms, regular pyramids, and other regular
solid figures.

Measurement Read and write results of measurements in both standard and non-standard units;

Estimate parameters of simple objects in the real world, with or without measuring
instruments;

Use formulas to find perimeter and area of triangles, parallelograms, trapezoids, and circles;
Understand and use properties of length, width, and area;

Apply measurement scales to solve problems that require finding length (perimeter) or area of
figures;

Calculate the sum of the angles in triangles or quadrilaterals;
Calculate the volume and surface area of right prisms and cylinders;
Establish relationships among various measurement units;

Add and subtract measurements in the same units and multiply and divide measurements in
any units; and

Find speed, distance, and time with relevant formulas.

Statistics Find and analyze diverse statistical information from different sources;
Interpret and evaluate sample characteristics; and

Visualize data and find numerical characteristics using spreadsheets (e.g., with Microsoft Excel).

Probability Theory Make subsets of several elements, with elements taken from different sets or from the same
set;

Distinguish whether order in a subset is important;

Use the rule of multiplication while calculating a number of subsets only when the order of
elements in the subset is important;

Become acquainted with the notions of probability experiments and the outcomes of such
experiments; and

Conduct experiments, learn how to calculate relative frequency of outcomes, and draw simple
conclusions about the likelihood of each outcome.
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Science Curriculum in Primary and
Lower Secondary Grades

In primary school (Grades 1-4), the curriculum divides integrated social
and natural science into several content areas: people living together, people’s
development, people’s environment, people’s health and safety, people and
nature, and people and natural phenomena. The latter four areas mainly deal
with natural science, and Exhibit 3 summarizes the knowledge content and
specialized skills students learn in these content areas during primary school.

Exhibit 3: Science Learning Objectives and Expectations, Grades 1-4

People’s Environment Learn about general weather changes and geographical attributes of Earth.
People’s Health and Learn about the human body and functions, in a simple and understandable way;
Safety

Learn proper breathing, posture, vision, hearing, and hygiene;

Become acquainted with first aid for oneself and others;

Develop healthy diet and personal hygiene habits;

Become acquainted with causes and prevention of contagious diseases;

Learn where to go and whom to contact in case of accidents, and how to protect oneself from
them; and

Learn how to resist alcohol abuse, how to calm down and relax in a stressful situation, and how
to actively rest.

People and Nature

Learn to observe and remember facts, and link them to sets of causal relationships;
Pay attention to natural surroundings and the interrelationships of various life forms;

Explore the interrelationships of plants and animals (based on examples of forest or pond
ecosystems);

Recognize that the environment and natural phenomena (sun, air, and water) help sustain life;
Recognize the importance of solar energy for life on Earth; and

Emphasize consequences of human activities on nature.

People and Natural
Phenomena

Learn to investigate natural phenomena;

Using illustrations from everyday life, explore movement and its laws, the phenomenon of
electricity, sources of energy and ways of saving energy, properties and changes of materials,
the phenomenon of burning, and water circulation in nature;

Learn to formulate hypotheses, predict results, and draw conclusions;
Learn to apply scientific methods to analyze simple problems;
Develop the ability to distinguish what is true from what is probable; and

Learn to plan and to conduct experiments, using simple instruments from everyday life as well
as basic laboratory equipment.

Science education in basic school (Grades 5-10) provides an opportunity
for all students to acquire foundational knowledge of natural science. This
education enables students to master essential concepts and ideas from natural
science, acquire skills that will help them know the world, and develop certain
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values and attitudes. Students mature as citizens able to live healthy lives
and solve sustainable development problems. In Grades 5-6 of basic school,
students learn science as an integrated subject and learn only Geography as a
separate subject in Grade 6. From Grade 7, however, biology, chemistry, and
physics are taught as separate subjects. Overall, the science curriculum focuses
on knowledge and understanding, problem solving, practical skills, scientific
communication, and skills for learning science. Exhibit 4 summarizes the
four dimensions and nine content areas of natural science in Grades 7-8 of
basic school.

Exhibit 4: Science Learning Objectives and Expectations, Grades 7-8

Science Science Continue to learn the sequence of science investigation, including

Investigations Investigations formulating a hypothesis based on life experience, planning and carrying
out simple experiments and observations, presenting results, formulating
conclusions, and identifying the main factors that influence studied
phenomena;

Learn to predict and check relationships between two or more variables
based on scientific laws;

Learn to search, summarize, and present information from various sources to
others;

Explore the influence of the natural sciences and technology on human life;
Learn to apply science knowledge to explain phenomena;

Explore the problem of sustained development in the context of social and
economic factors;

Investigate which personal qualities support the study of natural sciences;
and

Learn strategies for studying science.

Living Nature Structure and Explore the following: structural and functional links of cells, tissues, and
(Biology) Function of organs; photosynthesis and breathing; metabolism of substances and energy;
Organisms food and a balanced diet; nervous system and substances which affect its
function; and reproduction, sexual intercourse, and healthy living.
Continuity and Explore the transmission of inheritable traits, evolution and adaptation of
Diversity of Life organisms, and classification of organisms.
Organisms and Explore the movement of substances and energy in ecosystems and
the Environment: populations, and the influence of environmental pollution on organisms.
Humans and the
Biosphere
Matter and Change Knowledge of the Explore the following: periodic table of elements, periods and groups, and
(Chemistry) Composition and composition of an atom; chemical elements and formulas; homogenous and
Characteristics of heterogeneous mixtures; and physical attributes of substances (e.g., mass
Matter and density).

Changes in Matter Explore physical and chemical changes, signs of chemical reactions, and
necessary conditions for the processes, and Avogadro’s number and the
mole.

Knowledge about Explore the following: air, oxygen, oxides, and ozone; chemical substances in
and Use of Common everyday life; and the influence of human activities on the environment.
Substances
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m Content Area Objectives and Expectations

Physical Knowledge of Explore the following: rectilinear and curvilinear motion, distance, speed,
Phenomenon Motion and Forces  average speed, and acceleration; interaction between objects; inertia; mass;
(Physics) the relationship among force, mass, and acceleration; action and reaction

forces; types of forces; equilibrium of bodies, center of mass, and moment of
inertia; and hydrostatics and atmospheric pressure.

Knowledge of Explore the following: mechanical energy, work, power, potential and kinetic
Energy and Physical energy, and the law of conservation of energy; simple machines; molecular
Processes composition of matter (solids, liquids, and gases); thermal expansion of

bodies; electrical currents and circuits; free and forced vibration; mechanical
waves and sound; and light and laws of reflection and refraction.

Knowledge of Earth  Explore the phases of the moon, and the movement of the planets.
and the Universe

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories

Textbooks, exercise books, and teacher’s editions of textbooks are the main
instructional materials for teaching mathematics and science, both for
integrated science courses in earlier grades and for specialized subjects in later
grades. In most cases, teachers can choose among several types of textbooks for
specific science instructional use, and teachers frequently use one textbook as
the primary teaching tool, accompanied by additional supplementary materials.
All textbooks and educational computer programs must receive official approval
from expert panels at the Ministry of Education and Science. Other materials
do not need approval.

Many schools still have remnants of old laboratories and laboratory
equipment, but some schools cite a lack of such teaching tools. In recent years,
however, a number of projects have begun to supply schools with laboratories
and laboratory equipment for teaching science.

Use of Technology

Since 2008, students have been taught information technology beginning
in Grade 5, although primary school teachers also use computers at their
discretion.

Some computer programs that can be used in teaching mathematics and
science are starting to appear; however, because teachers have not extensively
used or learned to use them, such resources often are not included in instruction.
There are also a number of technology projects in development, including
distance learning and electronic teaching tools, along with programs to train
teachers in their use.
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Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

In primary school (Grades 1-4), classroom teachers teach all subjects, including
mathematics and science. Beginning in Grade 5, there are specialist teachers for
both mathematics and science. In Grades 5-6, a science subject teacher teaches
the integrated science course. Beginning in Grade 7, when specialized science
subject lessons start, individual subject teachers provide instruction.

Homework Policies

Educational plans recommend that teachers do not assign homework in primary
school. These plans also define certain limitations for homework assignments
at other grades. For example, teachers are asked not to assign homework before
weekends and holidays. Teachers who teach the same groups of students are
expected to coordinate homework assignments among themselves.

Teachers and Teacher Education

Primary school (Grades 1-4) teachers receive their education either at
pedagogical universities or at one of two teacher education colleges. Courses
of study include education in the subjects taught at the primary level as well as
general courses in pedagogy and psychology.

Basic school (Grades 5-10) teachers receive their education either at
pedagogical universities or at general universities and complete professional
teachers’ studies in addition to their bachelor’s program studies. Science teachers
in pedagogical universities usually receive their training in two subject areas—
for example, biology and chemistry, or physics and technology. Teachers are
expected to teach the subjects that they were educated in.

The majority of teachers in primary and basic schools (almost 94%) have
university level education, almost 5 percent have post-secondary tertiary
education, and less than 2 percent have secondary level education.? About
97 percent of primary school teachers and 93 percent of basic school teachers
have pedagogical qualifications.’

Since 2010, a new regulation for teacher education gave added emphasis
and support for teacher preparation in various higher education institutions.
However, during the administration of TIMSS 2011, teachers educated in the
new system had not yet begun formal classroom practice.
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Monitoring Student Progress in Mathematics and Science

There are no national examinations at the primary level. Students take
examinations at the end of basic school (Grade 10) and at the end of the
secondary school (Grade 12). The examinations at the end of basic school
comprise mother tongue and mathematics, and students in language minority
schools also take an examination in Lithuanian language.

At the end of secondary school (Grade 12), the range of final examinations
(the Matura or Brandos examinations) is much wider. Lithuanian language
(either as a mother tongue or as a national language) is the only compulsory
examination. Students are free to choose other examinations from a large list,
including mathematics, biology, physics, chemistry, geography, history, foreign
languages, art, music, informatics, and mother tongue (for language minorities).
However, to receive the secondary school leaving (Matura) certificate, students
must pass at least two examinations.

Lithuania also administers national sample surveys in mother tongue,
mathematics, science, and social science at Grades 4, 6, 8, and 10, which provide
national level information about the main areas of education. Sometimes, and
in some districts, all students are tested to monitor school conditions and make
educational management decisions. After these surveys, example questions with
scoring instructions and national level statistics are made available and can be
used by teachers to gauge the relative achievement of their students.

Recently, a major project to develop standardized tests in Lithuania has
been launched, because although a number of commercial tests are be available,
their quality is doubtful and they are certainly not standardized. The project
also aims to address another issue—the fact that diagnostic testing often is not
used in Lithuania; although schools might use some tests to identify children
with mental disabilities or very gifted students, there are no tests for the general
student body.

Primary school students (Grades 1-4) do not receive grades, but written
detailed explanations of their achievements based on teacher observations.
Beginning in Grade 5, after a transitory period lasting about a half a year,
teachers begin giving grades on a scale from one to ten to measure student
attainment, with four being the minimal “passing” grades and ten considered
an “excellent” grade. The curriculum provides general directions for assigning
grades to particular levels of attainment, but teachers generally use their
professional discretion to determine them.
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Impact and Use of TIMSS

Lithuania has participated in TIMSS since 1995, when the educational system
was just starting to see the effects of post-soviet reforms. TIMSS was the
first major educational survey carried out in Lithuania, providing a valuable
opportunity to collect trend data throughout this very important transition
period. The TIMSS assessment also provided educational specialists involved in
forming new mathematics and science subject content an opportunity to access
the conceptual frameworks of major educational areas in the international
community. This certainly influenced reforms in mathematics and science
teaching and learning, which were carried out in the “TIMSS spirit.” Not
surprisingly, the results of Lithuania’s students on TIMSS have been increasing
gradually with each TIMSS survey cycle.
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Republic of Macedonia

Beti Lameva, Ph.D.

National Examination Center

Intfroduction

Overview of the Education System

Primary and secondary education is compulsory in the Republic of Macedonia,
and is equally accessible and free to everyone. The new 2001 constitution
gives citizens the right to establish private educational institutions at all levels
except primary.! The Ministry of Education and Science is responsible for
national education policy, including implementing and financing education,
overseeing state institutions, and establishing and monitoring education laws
and regulations.

Several entities within the Ministry of Education and Science carry out
various functions and duties. The Bureau for Development of Education is in
charge of developing curriculum for primary school and for academic subjects
in secondary school, providing professional support to school improvement
efforts, providing professional development to school staft, and accrediting
teacher education providers. The Vocational and Educational Training
Center is responsible for curriculum development for vocational schools. The
National Examination Center is responsible for external assessment of student
achievement in primary and secondary education. The State Educational
Inspectorate supervises legal and regulatory matters at all levels of education,
and monitors and evaluates school quality. The Pedagogical Service inspects
and approves curricula, textbooks, and projects implemented in primary and
secondary education.

As a country in transition, the Republic of Macedonia has been working
toward decentralizing its education system and improving quality, equality of
opportunities, and efficiency. Professional and technical assistance, as well as
capacity building, have been necessary in a number of areas to accomplish these
goals. For these reasons, the Ministry of Education and Science developed the
Decentralization Project and made changes in the legal framework to redefine
the education system’s roles and functions. In June 2005, the ministry began
decentralization by transferring responsibility for school maintenance to
municipalities. In July 2007, the ministry continued the process by transferring
teacher employment and salary decisions to municipalities.
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The education system in Macedonia is comprised of preschool, primary,
secondary, and higher education. Preschool education is intended for children
from seven months to five years old. Primary education is compulsory for
students ages 6-15, and prior to 2007 had been divided into two four-year cycles:
general classroom education, from Grades 1-4; and subject specific education,
from Grades 5-8. Beginning in the 2007-08 school year, the system changed
to nine-year primary education with three three-year cycles, and students now
begin school by age 5%.?

Secondary education includes gymnasia, two-, three- and four-year
vocational schools, and four-year art school (art, music, or ballet). Students
who take gymnasium classes and students from four-year vocational schools
usually continue on to university education.

Languages of Instruction

The official language in the Republic of Macedonia is Macedonian; however,
all national groups in Macedonia are entitled to primary and secondary
education in their native language. In primary school, instruction is provided in
Macedonian, Albanian, Turkish, and Serbian. In secondary school, instruction
is provided in Macedonian, Albanian, and Turkish. The Albanian population
also has the right to Albanian language education at the university level, in
some schools.

Mathematics Curriculum in Primary and
Lower Secondary Grades

Mathematics is introduced beginning in the first grade and is taught each year
through the eighth grade. Exhibits 1-3 present the goals of the mathematics
curricula in terms of what student should be able to do in each of the three
primary education cycles: Grades 1-3, Grades 4-6, and Grades 7-9.
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Exhibit 1: Mathematics Goals, Grades 1-33

Form a union of two or three sets;

Read, write, and compare numbers;

Determine even and odd numbers;

Identify the predecessor and successor of a given number to 100;
Use ordinal numbers to 100 in specific situations;

Apply knowledge of addition and subtraction of numbers up to 100 in solving numerical
expressions and word problems with one or two operations;

Solve equations with one unknown and check the accuracy of the solution of the equation;
Apply knowledge of addition and subtraction to solve problems in situations from everyday life;

Recognize geometric concepts (e.g., point, line, segment, triangle, rectangle, square, circle, cube,
sphere, cylinder, pyramid, and cone);

Label and names sides and vertices of triangles, rectangles, and squares;
Identify and determine the adjacent and opposite sides of rectangles and squares;
Know tables of multiplication and division of numbers up to 100;

Apply knowledge of multiplication and division to solve numerical expressions and word
problems with one operation, including problems in situations from everyday life;

Recognize, graphically represent (by coloring or hatching), and write the fractions ¥, ¥, and 1/8;
Recognize and apply basic units of length (cm, dm, m), mass (kg), time (min, h) and volume (1);
Use measuring instruments including rulers, meter sticks, scales with weights, and clocks;

Use knowledge about measurement units in problem-solving situations, estimating, and
measuring;

Collect and select simple data and input and arrange it in tables; and

Read and interpret data from pictorial displays, charts, and graphs.

Exhibit2: Mathematics Goals, Grades 4-6*

Perform basic arithmetic operations on the set of natural numbers and a subset of the positive
rational numbers (fractions with equal denominators and decimal numbers);

Solve problems from practical situations in everyday life;

Know basic geometric concepts and identify and describe rays, segments, planes, angles,
polygons, triangles, rectangles and squares, cubes, pyramids, cylinders, and cones and spheres;

Know how to use instruments for measuring length, mass, time, and fluid volume; understand and
apply unit measures; and convert measurements from larger units to smaller units and vice versa;

Apply acquired mathematical knowledge to calculate the value of numerical expressions and
solve equations and problems from everyday life; and

Collect, classify, compare, read, present, and interpret data.
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Exhibit 3: Mathematics Goals, Grades 7-9°

Perform arithmetic operations with fractions with different denominators and decimal numbers;
Convert fractions to decimal numbers and percentages and vice versa;
Use properties of rational numbers to solve problems;

Calculate values of numerical expressions, solve linear equations and check solutions, and solve
word problems using rational numbers;

Factor integers or whole numbers;

Calculate an unknown member of a proportion and graphically represent proportional and non-
proportional sizes;

Solve linear inequalities and represent solutions in various ways;
Graphically represent linear functions and examine properties of functions;

Solve systems of linear equations with two unknowns using various methods (e.g., graphically,
using substitution, and using linear combination);

Solve word problems from everyday life, science, and technology involving linear equations with
one unknown or a system of linear equations with two unknowns;

Perform arithmetic operations with degrees and solve simple problems that use relationships
between angles;

Construct figures with axial symmetry and central symmetry, and determine the axis of symmetry
and center of symmetry of figures;

Calculate the perimeters of triangles, squares, convex polygons and circles, and the length of an
arc; calculate the areas of triangles, squares, regular polygons, circles and parts of a circle; and
calculate surface area and volume of prisms, pyramids, cylinders, cones, spheres and parts of a
sphere;

Use the properties of similar triangles to solve simple problems;

Add and subtract vectors;

Apply the Pythagorean theorem to practical tasks;

Use Thales' theorem of proportional segments to solve problems;

Represent three-dimensional objects in two dimensions;

Apply formulas for the surface area and volume of geometric objects to solve problems;

Collect, collate, and represent data in different ways;

Calculate mode, median, range, and arithmetic mean of data and perform basic data analysis; and

Determine the probability of random events in simple examples.

Science Curriculum in Primary and
Lower Secondary Grades

In Grades 1-4, science instruction is presented as a program of nature study.
The goals of the curriculum are for students to be able to do the following:
know some geographical terms (e.g., hill, mountain, river, and lake); name the
parts of plants; name types of life cycles; know the similarities and differences
between plants, animals, and man; know several ways of preserving and
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protecting the environment; know the conditions required for life; and know
Earth’s orientation in space.

In Grade 5, instruction in the natural sciences enables students to
expand their knowledge of the concepts and laws of nature.” Also, students
should understand the concepts of systems, movements in the solar system,
planets, physical laws on Earth, the structure of the Earth, forms of energy,
air and water movement, and electricity. Natural science also helps students
discover and implement the ways and means by which people interact with the
Earth. Students learn about natural processes (e.g., rotation, revolution, and
climate belts) and their consequences on the living world, and understand and
appreciate the human activities that disturb the environment in an urban setting.

In Grade 6, students expand and deepen their understanding of basic
principles and concepts of the natural world around them through the subject
of natural sciences and technology.® They also study systems, the organization
of the solar system, and the movement of its components, including Earth and
other planets. Students learn about the structure of land formations and natural
phenomena, such as earthquakes, volcanoes, storms, hurricanes, tsunamis,
erosion, tides, and rains and the consequences of global warming and cooling.
They also study how rocks and soil types are created, explain the basic concepts
of diversity in the living world, and recognize the characteristics of living
organisms, including that they are constructed of cells and that they carry out
certain vital functions. Also, students must be able to describe the life functions
of living organisms, including humans, and understand how living organisms
are connected through the food chain. Students should understand the levels
of organization in ecological systems (i.e., organism, population, community,
ecosystem, biome, and biosphere) and the various conditions that have effects
on communities and populations.

The science subjects of geography and biology are taught in Grades 7-9,
while chemistry and physics are taught in Grades 8-9. Exhibits 4-7 present the
goals of these curricula that students should understand and achieve through

these subjects.
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Exhibit 4: Geography Goals, Grades 7-9°

Understand basic geographical terms and knowledge about objects, phenomena, and processes
through concrete examples;

Understand and apply the concept of proportionality and use techniques and instruments for
orientation with maps;

Analyze and link social and natural factors in the development of the Earth and present numerical
data in the form of diagrams, tables, and drawings;

Develop interest in the geographic characteristics of the Republic of Macedonia and other
countries in a sociopolitical context; and

Become equipped with knowledge about the distribution of plants and animals on Earth, basic
principles of environmental protection, and the peoples and countries of the world
(i.e., characteristics, similarities, and differences).

Exhibit 5: Biology Goals, Grades 7-9'°

The role and importance of biology as a science for the development and progress of humankind;

The basic biological properties of living organisms, including the structure and function of cells
and the conditions for the survival and sustainable development of living organisms on Earth;

The dynamics of transformations of matter in nature and the flow of energy associated with these
transformations;

The forms and functions of living organisms, including humans;

The historical basis for the interconnection of all living organisms;

The conditions and consequences of the formation of communities and species;

Factors affecting species endangerment and extinction;

The dynamic nature of organizations, processes, and phenomena associated with life cycles;
The variability and diversity of the living world in a changing environment;

Reproduction (sexual and asexual) and inheritance; and

The structure and function of the human body, hygiene habits, and responsibility for health of
humankind.

Exhibit 6: Chemistry Goals, Grades 8-9""

The classification, composition, and particulate structure of matter (e.g., elements, compounds,
mixtures, molecules, atoms, protons, neutrons, and electrons);

Solutions (e.g., solvent, solute, concentration and dilution, and the effect of temperature on
solubility);

Properties and uses of common acids and bases; and

Chemical changes (e.g., transformation of reactants, evidence of chemical change, conservation of
matter, common oxidation reactions such as combustion, rusting, and tarnishing).
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Exhibit 7: Physics Goals, Grades 8-9'2

Physical states and changes in matter (e.g., explanations of properties in terms of the movement
and distance between particles, phase change, thermal expansion, and changes in volume and
pressure);

Forms of energy transformations, heat, and temperature;

Basic properties and behaviors of light (e.g., reflection, refraction, color, and simple ray diagrams)
and sound (e.g., transmission through media, loudness, pitch, amplitude, frequency, and relative
speeds of light and sound);

Electric circuits (e.g., flow of current, components arranged in parallel and series, and the
relationship between current and voltage), and properties and uses of permanent magnets and
electromagnets; and

Forces and motion (e.g., types of forces, basic description of motion, and effects of density and
pressure).

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Every school year the Ministry of Education and Science issues a school
calendar, specifying the distribution of school days, school-free days, and
school holidays. The syllabus specifies the number of yearly and weekly lessons
for individual subjects. In general, lessons are 45 minutes long. Mathematics
instruction in primary education for all grades is four hours per week, or
144 hours per year, which is approximately 20 percent of the total instructional
time. In Grades 1-3, the program of nature study is taught for two hours per
week in Grade 1, and three hours per week in Grades 2-3. In Grades 5-9, the
amount of science instruction varies by subject: natural science is taught for
two hours per week in Grade 5; natural science and technology is taught for
three hours per week in Grade 6; geography and biology are each taught for two
hours per week in Grades 7-9; and chemistry and physics are each taught for
two hours per week in Grades 8-9.13

Instructional Materials, Equipment, and Laboratories

For each grade in primary education there are two textbooks from which
teachers can choose. Worksheets are available for teachers and students and
an exercise book also is provided for mathematics in each primary grade. The
Ministry of Education and Science provides textbooks free of charge for each
student. During the last five years, the Ministry of Education and Science also
has made a great effort to supply schools with software, instructional materials,
equipment, laboratories, and a computer for every student.

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA

B, International Study Center

Lynch School of Education, Boston College REPUBLIC OF MACEDONIA

563



Use of Technology

The use of modern technology is a recent development in primary schools, and
the government intends to enhance technology use in teaching and learning
through such projects as A Computer for Every Child. Almost every student
in school has access to computers. Educational software for mathematics
and science has been adapted to suit the national mathematics and science
curriculum and has been translated to Macedonian and Albanian for use in
primary education. As of 2010, the Bureau for Development of Education
recommends using computers in 30 percent of instruction.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

Students in Grades 1-5 have one general classroom teacher for all subjects
except foreign language. Students in Grades 6-9 have specific teachers for each
subject who are specialists in the subject area, including mathematics and the
sciences (geography, biology, chemistry, and physics).

Homework Policies

Teachers have their own policies regarding assigning, checking, and correcting
homework. Generally, science teachers assign less homework than mathematics
teachers. During most lessons, mathematics teachers assign homework, which
is checked, but not graded, during the following lesson.

Teachers and Teacher Education

According to the Law for Elementary Education, individuals may become
classroom teachers after completing a tertiary degree program at a Pedagogical
Department or Institute of Pedagogy at a university Department of Philosophy.!4
This is a four-year program which prepares teachers to teach Grades 1-5. Subject
teachers for Grades 6-9 are trained in their respective academic discipline for
that subject. The third and fourth year of these programs includes a compulsory
teaching practicum.

Requirements for Ongoing Professional Development

By law, the Bureau for Development of Education is responsible for providing
professional support to primary schools by assisting school improvement efforts,
providing professional development of school staff, and accrediting teacher
education providers. Almost every year the bureau organizes some seminars
for teachers at this level.
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From 2006-11, the United States Agency for International Development
(USAID) funded a large project for primary school called the Primary
Educational Project (PEP).!> The main objective of the Improving Mathematics
and Science Education component was to build the critical thinking skills
students need to succeed in a knowledge-based global economy. To achieve
this objective, PEP worked on the following:
¢ Providing professional development for mathematics and science

teachers in using contemporary student-centered teaching approaches;

¢ Developing school-based and national networks to support teacher
professional development;

¢ Developing challenges for students; and
¢ Developing print and digital resources to improve teaching and learning.

UNICEF’s project for Improving Mathematics and Language Literacy for
Grades 1-3 in lower primary school was completed in 2010.1¢

Monitoring Student Progress in Mathematics and Science

National assessments of mathematics have been administered to students
at the end of Grade 4 since 2001, and at the end of primary education since
2006.17-18 A national assessment in natural science for students in Grade 4 also
began in in 2006." The aim of these assessments is to provide the educational
administration and professional institutions with valid data about student
achievement that can be used to inform educational policy and give the schools
and teachers information to improve teaching and learning.

The Matura examination is one of the national-level examinations
administered at the completion of secondary education. Every student takes
Matura examinations in four subjects, in addition to completing project work.

In 2009, the National Examination Center was established within the
Bureau for Development of Education (previously the Assessment Unit). The
general purpose of this center is to organize and conduct different kinds of
assessment in primary and secondary education.

At the school level, teachers evaluate progress in student achievement with
several forms of assessment, such as oral questioning and testing, with teachers
preparing their own tests. In 2011, in order to help teachers improve the process
of preparing examinations, the National Examination Center collaborated
with the USAID-PEP project in creating a web-based item bank. Currently,
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the database contains questions pertaining to all subjects taught in the primary
and secondary schools.?

Student achievement results in Grades 1-3 are expressed in the form of
descriptive grades, which include the standards of knowledge the student has
achieved. Second cycle students (Grades 4-6) are evaluated using numerical
grades accompanied by verbal explanations. In the third cycle, numerical grades
from 1 to 5 (1=basic, 5=excellent) are the most commonly used summative
marks for evaluating student achievement. Following completion of each
grade, primary and secondary schools provide each student with a report card
containing his or her final grades in each subject.

Impact and Use of TIMSS

The impact of TIMSS (and PIRLS) on the Macedonian government and the

Ministry of Education includes the following:

¢ An awareness of Macedonian students’ low results in mathematics,
science, and language literacy;

¢ An awareness of the need for external measurement (evaluation) of
student achievement;

¢ Anawareness of the need for developing assessment standards;

¢ The establishment of the Assessment Unit (now the National

Examination Center) within the Bureau for Development of Education
in 1999; and

¢ The establishment of the national assessment in primary education
(in mathematics, language literacy, and science at end of Grade 4; in
mathematics and language at the end of Grade 8; and in civic education
at Grades 4 and 6).

TIMSS and PIRLS also have had the following implicit impact on the new
Macedonian curriculum:

¢  Beginning compulsory education at age six, and introducing language
curriculum for Grade 1;

¢ Introducing the compulsory integrated science subject in Grade 5;

¢ Introducing the compulsory integrated natural science and technology
subject in Grade 6;

¢ Introducing the elective environmental subject in Grades 7, 8, and 9;
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Increased emphasis on physical geography vs. economic geography in

Grades 6 and 7;

Increased emphasis in developing skills in all mathematics and science

subjects;

Introducing a project-based learning approach; and

Developing assessment standards and grading criteria.
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Malaysia

Muhammad Zaini Mohd Zain
Dewani Goloi

Ministry of Education, Malaysia

Intfroduction

Overview of the Education System

Providing quality education is one of the main responsibilities of the
government of Malaysia, and the Ministry of Education is committed to
providing a comprehensive education to all students. The government funds
95 percent of primary and secondary education and about 60 percent of tertiary
(higher) education. The Malaysian education system encompasses preschool
through university; preschool, primary, and secondary education fall under the
jurisdiction of the Ministry of Education, while tertiary education falls under
the supervision of the Ministry of Higher Education.

Malaysia’s goal is to be a regional center of excellence in education. As a
result, the education system always has been receptive to innovation and change.
The main purpose of education in Malaysia is to enhance literacy and knowledge
and to promote intellectual as well as emotional growth.! This national
aspiration is reflected in the mission statement of the Ministry of Education:
“to develop a world class quality education system which will realize the full
potential of the individual and fulfill the aspirations of the Malaysian nation.”?

Malaysia provides eleven years of free primary and secondary education
(Grades 1-11). Students are admitted to the first year of primary education
beginning at age six, and primary schooling is compulsory for all children
between the ages of six and eleven. Primary education is divided into two levels:
Level 1 (Grades 1-3), and Level 2 (Grades 4-6). Upon completion of secondary
education (Grades 7-9), students can opt to pursue one to two years of post-
secondary education, which is the university entrance preparatory course.

Languages of Instruction

Bahasa Malaysia is the national language and the official language of instruction
in all schools, though English is widely spoken by Malaysians. While the national
language is promoted by the government to foster national unity, people are free
to use their mother tongue and other languages in their daily activities.
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Primary schools provide instruction in the languages of the three main
ethnic groups that comprise the Malaysian community: Bahasa Malaysia,
Chinese, and Tamil. At the secondary level, Bahasa Malaysia is the language of
instruction, although since 2003, English has been the language of instruction
for mathematics- and science-related subjects. By studying both subjects in
English, assisted by information and communication technology, students have
greater opportunity to enhance their knowledge and skills as well as access to
printed and electronic information written in English.

The Malaysian Curriculum in Primary and
Lower Secondary Schools

Since 1983, the ministry has implemented the Integrated Curriculum for
Primary School, which specifies standards for each level of primary education.?
Level 1 (Grades 1-3) emphasizes acquiring strong reading, writing, and
arithmetic skills. At Level 2 (Grades 4-6), the mastery of these basic skills is
reinforced to build a strong foundation for basic sciences.

The mathematics and science curricula at the primary level were revised
in 2011 and will be implemented gradually, one grade per year (i.e., Grade 1 in
2011, Grade 2 in 2012, etc.).* The revised mathematics curriculum is organized
into four learning areas: Numbers and Operations, Measurement and Geometry,
Relationships and Mathematical Connections and Algebra, and Statistics and
Probability. The revised primary level science curriculum is organized into
six themes: Introduction to Science, Life Science, Physical Science, Material
Science, Earth and Space Science, and Technology and Sustainable Living.

Since 1989, the Integrated Curriculum for Secondary School has been in
effect.” This curriculum covers a wide range of subjects including the arts and
sciences, as well as vocational and technical subjects. Specifically, the goal of
the mathematics curriculum is to develop individuals who are able to think
mathematically and who can apply mathematical knowledge effectively and
responsibly in solving problems and making decisions.® The goal of the science
curriculum is to accomplish the following: provide students with knowledge
and skills to solve problems and make decisions in everyday life, guided by
moral values; pursue further education in science and technology; and develop
a concerned, dynamic, and progressive society imbued with a science and
technology culture that values nature and works towards the preservation and
conservation of the environment.”
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Mathematics Curriculum in Primary and
Lower Secondary Grades

The curriculum that was in effect for students assessed in TIMSS 2011 was the
Integrated Curriculum for Primary School from 2003. At the primary level,
this curriculum is organized into four learning areas: Numbers, Measurement,
Shape and Space, and Statistics.® For each area, topics are listed from the most
basic to the most abstract. This enables teachers to have a good understanding
of the development and scope of each topic, thus giving them the framework to
plan lessons according to student ability. Problem-solving and communication
skills are incorporated into each topic.
Upon completing Grade 4, students should be able to do the following:
¢ Numbers—Perform mathematical operations and solve problems
involving whole numbers up to 100,000; compare, express equivalent
fractions, and add and subtract proper fractions with denominators
up to 10; write decimals, convert fractions to decimals, perform
mathematical operations, and solve problems involving a maximum of
two decimal places; and write values, perform mathematical operations,
and solve problems involving money up to, RM 10,000 (RM, Malaysia
Ringgit, is the country’s currency).

¢  Measurement—Learn about time, including understanding the twelve-
hour system, performing mathematical operations, and solving problems
involving units of time and the calendar; measure length, mass, and
volume of liquid in metric units; do conversions involving the respective
units; perform mathematical operations; and solve problems involving
length, mass, and the volume of liquid.

¢ Shape and Space—Identify two- and three-dimensional shapes;
calculate perimeters, areas, and volumes; and solve problems involving
perimeters, areas, and the volumes of squares, rectangles, cubes, and
cuboids.

¢ Statistics—Extract and interpret information from pictographs and
bar graphs.

For Grades 5-8, the curriculum is organized into three interrelated
learning areas: Numbers, Shape and Space, and Relationships.’ The scope of
each topic in terms of what students should be able to do upon completing the
eighth grade is as follows:

¢ Numbers—Perform computations and solve problems involving integers,
fractions, decimals and percentages; perform operations involving
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negative numbers; understand number patterns and sequences, such as
multiples and factors; and use calculators to explore concepts regarding
squares, square roots, cubes, and cube roots of numbers.

¢ Shape and Space—Understand basic measurements involving length,
mass, and time and estimate and solve problems related to basic
measurements; (Pythagorean Theorem) solve problems involving
polygons, geometric solids, lines and angles and the Pythagorean
Theorem; (Geometrical Construction) perform constructions using
straight edges and compasses; (Coordinates) use scales, plot Cartesian
coordinates of points, and solve problems involving coordinates and the
distance between two points and midpoints on a Cartesian plane; (Loci
in Two Dimensions) determine the locus of points that satisfy given
conditions and the intersection of two loci; (Plane Geometry) identify
the parts of a circle; draw a circle given the measurements of the different
parameters of the circle; and solve problems involving circumference,
areas of sectors, and areas of circles; (Transformations) determine the
image of an object and solve problems involving translation, reflection,
and rotation; use the concept of isometry when constructing patterns;
solve problems involving congruence, and determine properties
of quadrilaterals using reflections and rotations; (Solid Geometry)
identify geometric properties of prisms, pyramids, cylinders, cones, and
spheres; construct models of solids, given their nets; and solve problems
involving surface areas of prisms, pyramids, cylinders, cones, and
spheres.

¢ Relationships—Perform computations and solve problems involving
algebraic terms and expressions; (Linear Equations) write linear
equations and solve problems involving linear equations with one
unknown; (Ratio, Rates, and Proportion) solve problems involving
ratios and proportions of two and three quantities; (Statistics) collect
and record data systematically; determine the frequency of data; and
represent and interpret data in pictograms, bar charts, line graphs, and
pie charts and solve related problems.

Science Curriculum in Primary and
Lower Secondary Grades

The science curriculum that was in effect for students tested in TIMSS 2011
was the Integrated Curriculum for Primary School from 2003. This science
curriculum was designed to provide opportunities for students to acquire
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scientific knowledge and skills, develop thinking skills, and apply this knowledge
and skills in everyday life. It also was designed to instill scientific attitudes
and noble values, which should be integrated into every learning activity.!
In addition, learning activities should be directed toward activating students’
critical and creative thinking skills and not confined to routine or rote learning.
Thus, at this level, the curriculum is organized around three learning areas:
Scientific Knowledge, Skills, and Scientific Attitudes and Values.
¢ Scientific Knowledge—Encompasses interrelated concepts, facts, rules,
or principles associated with biological, chemical, and physical processes
as well as astronomy and technology.

¢ Skills—Scientific and thinking skills are utilized in science because of the
emphasis on inquiry and problem solving. Scientific skills are important
in scientific investigations, such as conducting experiments and carrying
out projects. Enhancing students’ thinking ability is one of the objectives
of the national education system; therefore, the curriculum emphasizes
thinking skills as a foundation for thoughtful learning.

¢ Scientific Attitudes and Values—Scientific attitudes and noble values are
instilled through science learning experiences, spontaneously or through
planned activities.

Upon completing Grade 4, students will have studied living things and
nonliving things. Students learn about themselves, animals and plants, and
the life processes of humans and animals and how living things survive. They
also learn about physical quantities—light, heat, sound, energy, magnets, and
electricity—and their measurement. Students learn about man-made and
natural materials and their properties. At this stage, students also study the solar
system and the development of technologies in agriculture, communication,
transportation, and construction.

In lower secondary school (Grades 7-9), the aim of the science curriculum
is for students to develop literacy in science and technology as it relates to
everyday life. By gaining scientific knowledge, skills, and values, students should
be able to solve problems and make decisions that improve quality of life. The
learning activities at the lower secondary level focus on developing students’
critical and creative thinking, problem-solving skills, and entrepreneurship.

The lower secondary science curriculum is organized into six content areas:
Scientific Method, Biology, Physics, Chemistry, Technology and Sustainable
Living, and Earth Science and Astronomy. The science topics taught for each
content area are presented in Exhibits 1-6.
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Exhibit 1: Scientific Method Topics, Grades 7-9

Understand that science is a part of life; describe the importance of innovation in technology; describe
the steps in a scientific investigation; become familiar with units of measurement, measuring tools, and
derived units (e.g., density).

Exhibit 2: Biology Topics, Grades 7-9

i Tops ———Jsuprops

Cells as a Basic Understand that cells make up all living organisms (unicellular and

Unit of Life multicellular) and identify the cell’s structures and functions (nucleus,
cytoplasm, mitochondria, chloroplasts, cell membrane, and cell wall);
know that the nucleus contains chromosomes that consist of DNA,; list
the physical characteristics inherited from parents’ cells; compare and
contrast animal and plant cells; understand the types and functions of
human cells (nerve, epithelium, muscle, reproductive, blood, and bone);
and arrange cells in order from simple to complex.

Reproduction Compare and contrast sexual and asexual reproduction, identify
the structures and functions of the male and female reproductive
systems, compare and contrast male and female gametes, and describe
fertilization; explain the menstrual cycle and relate the fertile phase to
fertilization; identify the location of fertilization and the implantation of
the embryo; explain the importance and functions of the placenta and
umbilical cord and the development of the zygote and embryo; describe
factors that influence the physical and emotional development of a baby;
discuss breast feeding; discuss the negative consequences of unwanted
pregnancy; explain sexually transmitted diseases; discuss the importance
of research in human reproduction; describe human growth and
development; describe the functions of the male and female reproductive
parts of a flower in sexual reproduction, describe pollination, and relate
the characteristics of flowers to their agents of pollination; and compare
and contrast self-pollination and cross-pollination and explain the
advantages of cross-pollination in agriculture.

Sensory Organs Relate each sensory organ to its stimuli; identify the structures and
locations of sensory cells used to detect smell and taste; identify the
structure of human skin; identify, draw, and label the structures of the ear
and discuss the hearing mechanism; and identify structures of the eye
and their functions.

Digestive System Identify classes of food and their functions; identify parts of the digestive
system and their functions; describe the process of digestion; explain
absorption of the products of digestion; explain reabsorption of water
in the large intestine; relate defecation to eating habits; and discuss the
importance of eating nutritious food.

Circulatory System Describe respiration; explain the gases exchanged at the alveoli; explain
the effect of smoking and exposure to second-hand smoke; draw and
label parts of the heart; and differentiate blood vessels, oxygenated and
deoxygenated blood, and justify the importance of a healthy heart.

Excretory System Describe the excretory systems of humans and plants; explain the
importance of healthy kidneys; relate photosynthesis, transpiration, and
respiration in plants; and generate ideas about how to use the excretory
products of plants.

Interdependence Discuss the importance of interactions among living organisms and
among Living the environment; explain steps taken to preserve and conserve living
Organisms and the organisms; and predict consequences of rapid human population growth.

Environment
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Exhibit 3: Physics Topics, Grades 7-9

I

The Principle of Explain the principle of conservation of energy; identify changes of
Conservation of Energy  energy forms; explain the concept of energy efficiency and suggest steps
to increase energy efficiency.

Heat Explain the effects of heat on matter; use hands-on activities to explain
the method of heat flow from hot to cold areas (conduction, convection,
and radiation); design innovative ways to save energy; and explain how
animals regulate their body temperature by using physical characteristics
and behavioral patterns.

Sound Define sound; relate the properties of sound to its characteristics
(loudness, amplitude, pitch, and frequency); use hands-on activities
to explain how sound is transferred through a medium; use hands-on
activities to explain sound reflection and absorption and their application
in everyday life.

Light Identify the properties of light; draw a ray diagram to show the reflection
of light from a plane mirror and state the properties of the image formed;
draw a ray diagram to show the refraction of light through media of
different densities; prove that white light consists of seven colors; and
build optical devices using plane mirrors.

Air Pressure Explain and give examples of things that use the principle of air pressure;
generate ideas that use the principle of air pressure to solve problems;
and create models that use the principle of air pressure.

Force Explain various types of forces and their effects; describe frictional force
and explain the application of friction in everyday life; and describe and
solve problems using the concepts of work and power.

Electricity Describe electrostatics; compare and contrast circuits with components in
parallel and series; explain magnetism and electromagnets; compare and
contrast a step-up transformer and a step-down transformer and their
applications in everyday life; describe how electricity is generated and
distributed; describe wiring and safety precautions used with electricity;
and describe ways to conserve electricity and why conservation is
important, and predict problems Malaysia would face if there was a
shortage of electricity.

Exhibit 4: Chemistry Topics, Grades 7-9

D T

Matter Describe matter; prove that living and non-living things have mass and
occupy space; describe the four states of matter; describe the periodic table;
compare and contrast the properties of metals and non-metals; describe the
physical methods of separating mixtures (filtration, distillation, magnetic
separation, sedimentation, floatation, and chromatography); and explain
the conservation of mass during chemical changes; and recognize that
compounds can be separated chemically.

Air Explain the importance of oxygen, carbon dioxide, nitrogen, and inert gases
in everyday life; explain how the percentage of gases in the atmosphere is
maintained through the oxygen-carbon cycle; predict the consequences on
Earth when the oxygen-carbon cycle is out of balance; describe the effects
of air pollution on living things and the environment; and suggest the steps
needed to control air pollution.
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Water and Solutions  Determine the composition of water; compare and contrast evaporation
and boiling; describe applications of water evaporation in daily life; explain
factors that affect the solubility of solutes in water; explain the importance
of water as a universal solvent; describe neutralization and give examples to
explain the applications of neutralization in daily life; describe various types
of water purification; describe how the water supply system works; explain
ways to conserve water; explain the effect of water pollution on living things;
and discuss ways to control water pollution and preserve water quality.

Reactivity of Metals  Determine the reactivity of metals and explain the process of extracting a
metal from its ore.

Exhibit 5: Technology and Sustainable Living Topics, Grades 7-9

I

The Support System  Explain the skeletal system in vertebrates and the various support systems in
invertebrates; compare and contrast the strength of hollow and thick bones;
and discuss the importance of the support system to living things.

Simple Machines Describe levers and pulleys and their functions; and solve problems using
the principles of levers and pulleys.

Exhibit 6: Earth Science and Astronomy Topics, Grades 7-9

I

Earth Structures Describe fossils and their formation; discuss the importance of fossils
to modern science; describe rock formations and the uses of igneous,
metamorphic, and sedimentary rocks; recognize that the Earth’s structure
consists of the lithosphere, hydrosphere, and atmosphere; explain the
distribution of organisms in the hydrosphere; and describe the layers in the
atmosphere and their functions.

Astronomy (Solar System) compare and contrast the solar system models used by
Ptolemy, Copernicus, and Kepler; describe the nebular theory of the
formation of the solar system; and compare and contrast the eight planets
in the solar system; (Stellar Astronomy) describe how the sun generates
its power; describe the birth and death of a star; and explain how solar
wind and the phenomena on the sun'’s surface affect life on Earth; and
(Cosmology) describe the galaxies and the universe and discuss the
importance of space exploration.

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

At the primary level (Grades 1-6), students study mathematics for seven
30-minute periods per week, while at the lower secondary level (Grades 7-9),
they study the subject for five 40-minute periods per week. In Grades 1-3,
students study science for three 30-minute periods per week, and in Grades 4-6,
they study the subject for five 30-minute periods per week. At the lower
secondary level, five 40-minute periods per week are devoted to science
instruction.

TIMSS 2011 ENCYCLOPEDIA
576 MALAYSIA

. "' N TIMSS & PIRLS

’j International Study Center

Lynch School of Education, Boston College




Instructional Materials, Equipment, and Laboratories

Schools are given autonomy to determine teaching approaches and strategies.
The curriculum specifications for both science and mathematics, however, do
provide suggested teaching and learning activities to help teachers plan and
implement more effective instruction. Science lessons at the primary level
are carried out in science classrooms, while proper laboratories are provided
in secondary schools (some schools also have mathematics classrooms). The
ministry provides annual grants to schools (on the basis of enrollment) for
the purchase of equipment, chemicals, teaching aids, and materials needed for
mathematics and science, which schools then purchase directly. The ministry
also regularly supplies any necessary general resources.

Use of Technology

Technology is integrated into science teaching and learning to enable students
to explore and develop their understanding of mathematical and scientific
concepts. Technology tools such as calculators, computers, educational software,
and the Internet are used for independent or group work.

Communication, collaboration, problem solving and decision-making
are some of the skills required in the 21st century. Online collaborative
platforms enable information sharing as well as collaboration on group
projects among students of different schools, communities, and cultures, both
within Malaysia and in other countries. For example, Oracle’s ThinkQuest
is a collaborative platform in which students can work on group projects in
science and mathematics, and where completed projects can be shared online.
Students also use social platforms such as Facebook, Yahoo Groups, and
Google to communicate and collaborate on science and mathematics topics. In
addition, instructional materials developed by teachers and shared on YouTube,
SlideShare, and other platforms have been used in the classroom.

EduwebTYV, a platform managed by the Ministry of Education, also is
available to teachers for downloading videos related to the curriculum, news,
and instructional materials, as well as for uploading their own materials for
sharing. Virtual Learning Environments (VLE) is a learning management
system that also can be used to deliver instructional materials to students for
individualized learning. For example, VLE can be used to deliver Sharable
Content Object Reference (SCORM) e-learning materials online, including
assignments that teachers can score and record within the system.
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In Malaysian education, there is a focus on user-generated content, which
means that teachers develop customizable content suited to their students’
learning needs. The Ministry of Education trains information technology
coordinators and library media specialists (ICT lead users) to develop content,
using software such as Microsoft PowerPoint and Movie Maker, which can be
shared on EduwebTV or other collaborative platforms. ICT lead users then train
teachers in their schools to develop and share content. Teacher Communities of
Practice (COP) use online collaborative platforms to share ideas, best practices,
instructional materials, and lesson plans, in order to enable other practitioners

to learn from one another and to improve their teaching.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

Specialist teachers in mathematics and science teach these subjects at the
primary, lower secondary, and upper secondary levels.

Homework Policies
There is no homework policy in the Malaysian educational system. Nevertheless,

assigning homework is a common practice in all schools.

Teachers and Teacher Education

Teaching in Malaysia is a dynamic profession, and education plays a pivotal role
in nation building. The National Education Philosophy and Teacher Educational
Philosophy serve as the blueprints for creating resilient, professional, and
technologically competent teachers who meet world-class standards. These
philosophies encompass aspects of education as well as teachers’ ongoing
professional development. In a continual quest for excellence, the ministry
has upgraded its teacher education colleges throughout the country to teacher
education institutes so that they can confer teaching degrees. This coincides
with the ministry’s efforts to upgrade and improve the teaching profession as a
whole and, specifically, to enhance teachers’ competence and professionalism.
As teaching becomes a graduate profession in Malaysia, professional teacher
education soon will become a reality for both primary and secondary
school teachers.

Currently, teacher education programs include a postgraduate teaching
course (1-year), bachelor of education twinning programs (collaborative
arrangements, whereby a local college contracts to teach the first and often
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the second year of classes of a partner university located abroad), bachelor of
education degree courses (5 % years), and a study abroad degree program.

Teacher Education Specific to Mathematics and Science
Teacher education institutions and public universities are responsible for teacher
education, under the purview of the Ministry of Higher Education. Currently,
Malaysia has 27 teacher education institutes and an English Language Teaching
Center. The ministry uses stringent admission criteria to ensure that only
qualified candidates enter the profession. Education program candidates are
chosen through the Malaysian Teachers Selection Test, individual and group
interviews, and a written English test. Candidates applying for the postgraduate
teaching program of study in their area of specialization have additional
requirements.

Candidates who study the mathematics option must complete a degree
in mathematics in addition to passing the Malaysia Certificate of Education
examination to gain a distinction in Additional Mathematics.

Requirements for Ongoing Professional Development
Professional development programs in mathematics and science include the
following: a one-year specialist teacher course; postgraduate programs; fourteen-
week professional development courses; a degree program for non-graduate
teachers; degree programs for foreign language teachers; professional upgrading
courses for teachers in indigenous schools, remote schools, and Smart Schools
(ICT-focused schools); and a Malaysian educator development program.!!
Mathematics and science professional development programs provide teachers
with a sound foundation in subject matter knowledge, pedagogical skills,
information technology, and moral values. The goal of these programs is to
produce knowledgeable and skillful teachers who are capable of quality teaching
and effective delivery of the curriculum, using an experiential learning process
that enables the teacher to become a facilitator rather than an information
provider. Overall, the national education policy aspires to produce a group of
professionals who can meet the current needs of a changing education system
that faces the challenges of globalization.

The Teacher Education Division and Aminuddin Baki Institute are
responsible for both in-service teacher training and professional development
programs, including those in mathematics and science.
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Monitoring Student Progress in Mathematics and Science

The primary purpose of examinations in Malaysia is to determine student
achievement, which indirectly determines the effectiveness of programs and
teaching methods. For this purpose, tests and examinations are conducted
at both the school and the national level. At school, teachers use a variety
of methods to assess student achievement and other aspects of human
development. Occasionally, tests are administered at the district or state level
to measure academic achievement.

At the national level, Malaysia conducts five major national examinations
throughout the 13 years of schooling. Two main examination bodies have been
responsible for conducting national examinations in Malaysia: the Malaysian
Examinations Syndicate (MES) and the Malaysian Examinations Council
(MEC). MES is responsible for a number of national assessments: the Primary
School Achievement Test (Ujian Pencapaian Sekolah Rendah), taken at the end of
Year 6 (Grade 6); the Lower Secondary School Assessment (Penilaian Menengah
Rendah), taken at the end of Year 9 (Grade 9); the Malaysian Certificate of
Education (Sijil Pelajaran Malaysia), taken at the end of Year 11 (Grade 11); and
the Malaysian Higher Religious Certificate (Sijil Tinggi Agama Malaysia), taken
as a qualification to apply for suitable degree programs in religious studies at
Middle Eastern and local universities. MEC sets and administers the Malaysian
Higher School Certificate (Sijil Tinggi Persekolahan Malaysia, an internationally
recognized pre-university examination considered equivalent to GCE A-Level
by most universities).

Although student assessment is implemented in school-based and national
modes, Malaysia has always relied on national examination results to make
decisions on almost everything in the educational and vocational contexts,
particularly selection, placement, streaming, learning opportunity, certification,
and promotion. Realizing that the country’s education system has become too
examination-oriented, the Ministry of Education has decided to shift to a more
holistic and flexible approach by de-emphasizing centralized examinations in
favor of school-based assessment, which has been improved so that it can be
implemented more widely at the primary and secondary school levels. The
objective is to provide a set of indicators and subsequent tests to assess students’
potential, development, and learning readiness, in addition to their traditionally
assessed level of achievement.

To accomplish the Malaysian concept of holistic assessment, MOE plans
to take the following actions:
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Reduce over-reliance on national examination data about students in the
school system;

Empower schools and teachers to conduct quality assessment of
their own students, recognizing and acknowledging existing school
assessments;

Combine data from school-based and central-based assessments;

Extend the scope of assessment to include other fields, such as student
involvement in co-curricular and other activities related to the
humanities and character building;

Introduce psychometric assessment as a method to collect data and
information about student psychological traits, in order to enable
teachers to better understand and facilitate student learning;

Introduce and implement standards-referenced assessment to ensure
that the performance of Malaysian students aligns with accepted world
standards in various areas of knowledge, skills, and competence; and

Increase collaboration with various agencies and stakeholders in the
process of assessment, education, and certification.

This reconceptualization of educational assessment has led to the creation

of the National Education Assessment System (NEAS). To collect more

holistic information about a student’s profile, involvement, development, and

achievement, NEAS will implement five types of complementary assessment

methods: School Assessment; Central Assessment; Psychometric Assessment;

Central Examination; and Physical, Sports, and Co-Curricular Activity

Assessment. Teachers are already familiar with these methods, with the

exception of Psychometric Assessment.

L4

School Assessment—This method is any form of assessment that is
planned, developed, conducted, examined, and reported by teachers in
the school and that involves students, parents, and other individuals.
With the introduction of norm-referenced assessment, performance
standards and scoring rubrics are used instead of the usual numerical
scores or grades. Beginning in January 2011, performance standards
have been used for the school assessment of Year 1 (Grade 1) students.
This practice was extended to Year 2 (Grade 2) and Year 7 (Grade 7)

in 2012.

Central Assessment—This method is any form of assessment whose
standards, instruments, data analysis, and guidelines are provided by the
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Malaysian Examinations Syndicate (MES) but whose administration,
marking, and reporting are conducted by schools.

¢ Psychometric Assessment—This method refers to any assessment
activities used to identify students’ psychological traits or innate abilities
related to their learning: general abilities, aptitudes, personalities,
strengths, weaknesses, talents, interests, preferences, attitudes, and
inclinations. The information from psychometric assessment enables
teachers to understand their students, parents to understand their
children, and students to understand themselves.

¢ Central Examination—This method is any examination that is
developed, scheduled, conducted, examined, and reported by MES. A
student’s performance in the central examination is reported in a results
statement or certificate that MES awards after also considering the
student’s performance on the school assessment and central assessment.

¢ Assessment of Physical, Sports, and Co-Curricular Activity
Assessment—This method is an assessment of student involvement,
participation, and performance, in various co-curricular and extra-
curricular activities. These physical activities can be any form of outside-
the-classroom activities such as physical education, sports, athletics,
and games. Co-curricular activities are the activities conducted by
an association, club, or a uniform group, such as the Boy Scouts or
Girl Guides.

The central goal of NEAS is to transform assessment from a judgmental
role to one of monitoring student growth and development. NEAS is not a
replacement for examinations, but rather a complementary extension of the
present system. It provides guidance on how schools can assess their students
more holistically and fairly. Consequently, it enables schools to create a database
of students’ cognitive, affective, and psychomotor development and performance
in different educational dimensions, as well as these students’ readiness to
venture into the fields of their choice.

Literacy and Numeracy Screening (LINUS) is a remedial program
designed to ensure that students acquire basic literacy and numeracy skills after
three years of primary school. Implementation began in the spring of 2010
and the program will be fully implemented by the end of 2012. With LINUS,
screening instruments are administered by schools three times a year to identify
students in Years 1-3 (Grades 1-3) who have problems in reading, writing, and
arithmetic, based on a set definition of literacy and numeracy skills. The first
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screening test was conducted in March 2010 for all Year 1 (Grade 1) students.
Students who do not achieve a certain standard or requirement are placed in
the LINUS program.

Impact and Use of TIMSS
Trend information in TIMSS 2007 has been used by the Malaysian Ministry of

Education to make decisions about investment in education, curriculum reform,
and initiatives to improve instruction in mathematics and science. Secondary
analyses of TIMSS 2007 Malaysian data have been used to investigate student
performance, especially in relation to the TIMSS assessment frameworks as well
as student backgrounds and attitudes. Regarding current curriculum revision,
TIMSS cognitive domains will be incorporated into mathematics and science
curricula, and syllabi will be revised to reflect the TIMSS frameworks. Decisions
will be made regarding these curricula in the 2015-16 school year.
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Intfroduction

Overview of the Education System

The Ministry of Education and Employment (MEDE) is responsible for
education in Malta, and equity and quality underscore the government’s
education policy. Commitment to these principles is evidenced by inclusivity
at all levels and the provision of free public school education to all, from
kindergarten to the tertiary level. The government also subsidizes church
schools that do not charge tuition fees, and gives tax rebates to parents who
send their children to private schools.

The Education Act of 1988 is the legal framework regulating education
provision in Malta.! A 2006 amendment to the Act established two directorates:
the Directorate for Educational Services (DES) and the Directorate for Quality
and Standards in Education (DQSE). DES plans, manages, and provides
resources and services to state schools, while DQSE establishes and monitors
standards as well as quality of programs and services provided in both state and
non-state schools. The amended Education Act further decentralized decision-
making by forming college networks in the state sector.? Currently, there are
ten college networks in Malta, each with its own legal and distinct identity and
consisting of multiple preprimary schools, primary schools, and at least two
secondary schools.

DQSE also is responsible for formulating, implementing, and monitoring
the curriculum. In 1999, DQSE published National Minimum Curriculum
(NMC), the curriculum currently used in Malta. In 2008, a review of NMC
began and the new draft, Towards a Quality Education for All: The National
Curriculum Framework, was published in May 2011. The publication was
subject to an eight-month consultation process that culminated in a national
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conference in December 2011. Currently, feedback is being analyzed and work
is being carried out to finalize the National Curriculum Framework in 2012 for
implementation beginning in the 2012-13 school year.

Compulsory education covers ages 5-16 and comprises two main cycles:
primary education (ages 5-11) and secondary education (ages 11-16). Prior to
the start of primary education, there is provision for child daycare (ages 0-3)
and kindergarten (ages 3—4). Although preprimary education is not compulsory,
approximately 98 percent of four-year-olds attend kindergarten.

Parallel to the public education sector there is a non-state sector (comprised
of church and independent schools) that educates approximately 40.8 percent
of students. The two sectors work in close partnership to provide a quality
education to all students. All primary schools are co-educational, while state
and church secondary schools are single sex.

Following compulsory education, students can choose to follow either
a general or vocational education path. Tertiary education is provided at the
University of Malta and at the Malta College of Arts, Science, and Technology,
with the latter specializing in vocational degrees. State educational institutions
as well as private providers offer lifelong learning courses for adults during the
day or in the evening. Some courses are run in collaboration with local councils
to facilitate accessibility to adult learners. Courses cover a wide array of subjects
and topics, and can be used to acquire formal qualifications or for personal
self-development.

Languages of Instruction

At the end of 2010, the total population in Malta was approximately 417,000,
with 95 percent being Maltese. Malta has two official languages: Maltese, the
national language, and English. The National Minimum Curriculum (NMC)
regards bilingualism as the basis of the education system, defining bilingualism
as the effective, precise, and confident use of the country’s two official languages.
Students must be functionally bilingual by the end of their entire schooling
experience. NMC encourages teachers at the primary level to use English when
teaching English, mathematics, science, and technology. At the secondary level,
the curriculum requires Maltese and English subjects to be taught in their
respective languages, and recommends that foreign languages be taught in those
languages. Teachers of social studies, history, religion, and personal and social
education teach these subjects in Maltese, while other subjects are to be taught
in English.
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In view of these recommendations, classroom teachers decide what
language will facilitate students’ development and acquisition of mathematical
concepts. Once this objective is achieved, it is essential that students be
exposed to mathematical ideas in English and listen to adults correctly
using mathematical vocabulary. However, on no account should the use of
either language (Maltese or English) be to the detriment of students learning
mathematics content.

Instruction in science is provided in English. However, in the majority
of cases (especially in state schools), English is the students’ second language,
which can create challenges related to proper understanding of concepts.

Mathematics Curriculum in Primary and
Lower Secondary Grades

Mathematics is an important tool by which information can be organized,

manipulated, and communicated. It also is an ever-expanding body of

facts, skills, concepts, and strategies used to solve a wide range of problems.

Consequently, when implementing the syllabus, mathematics teachers should

emphasize both the utilitarian and aesthetic aspects of mathematics.?

¢  Utilitarian Aspect—Mathematics is useful, equipping learners with the
necessary knowledge to help them understand and interact with the
world around them.

¢ Aesthetic Aspect—Mathematics is a beautiful subject with an evolving
body of knowledge that is characterized by order, precision, conciseness,
and logic.

In mathematics instruction, teachers should ensure that students do the
following:
¢ Understand and appreciate the role and purpose of mathematics in

culture and society, in the past as well as the present;

¢ Apply mathematical knowledge and understanding to solve a wide range
of standard and non-standard problems, ideally from real life situations;

¢ Think and communicate mathematically (i.e., precisely, logically, and
effectively);

¢ Develop a positive attitude toward mathematics that fosters creativity,
confidence, perseverance, and enjoyment of the subject;

¢ Develop the ability to work both independently and cooperatively when
doing mathematics;
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¢ Acquire a secure foundation for the further study of mathematics;

¢ Appreciate the interdependence of the different branches of
mathematics;

¢ Appreciate the interdisciplinary nature of mathematics and its use in
other areas of knowledge; and

¢ Make efficient, creative, and effective use of appropriate technology in
mathematics.

The mathematics curriculum comprises a list of objectives for each year
in the primary and secondary years. Each list is divided into four strands—
Number; Algebra; Shape, Space, and Measure; and Data Handling—and
students are expected to achieve specified attainment levels within each strand.

At the primary level, there are three attainment levels—Levels 4, 5,
and 6—while at the secondary level there are four attainment levels—Levels 7,
8,9, and 10.* Each attainment level between Levels 4 and 8 (inclusive) spans
two academic years. Level 9 is covered in one year, while Level 10 is aimed
at gifted students. Attainment Levels 1, 2, and 3 are meant for students with
special needs. If students are above or below the expected level, adjustments
are made accordingly. Exhibit 1 presents each attainment level along with its
corresponding academic year and age range.

Exhibit 1: Curriculum Attainment Levels with Corresponding Year and Age Ranges

Primary Level 4 Years 1-2 (Grades 1-2) 5-7
Primary Level 5 Years 3-4 (Grades 3-4) 7-9
Primary Level 6 Years 5-6 (Grades 5-6) 9-11
Secondary Level 7 Forms 1-2 (Grades 7-8) 11-13
Secondary Level 8 Forms 3-4 (Grades 9-10) 13-15
Secondary Level 9 Form 5 (Grade 11) 15-16
Secondary Level 10 Gifted Students 15-16

Because students in Malta were assessed at the fifth grade (Level 5),
Exhibit 2 presents the learning objectives within the four mathematics
curriculum strands for the later primary attainment levels covering Grade 5,
and the initial portion of Grade 6 (Level 6).
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Exhibit 2: Later Primary (Grade 5) Mathematics Learning Objectives

m Attainment Level | Students are able to

Number Level 5 Read, write, and use numbers up to at least 1,000;

Identify place value in four-digit numbers and round two- and three-digit whole numbers to
the nearest 10 or 100;

Add and subtract two- and three-digit numbers mentally and using informal pencil and paper
procedures (including column addition);

Count in 100s and identify odd and even numbers to at least 100;

Develop an understanding of multiplication as "repeated addition" and as an array, and
understand and apply the zero and commutative properties of multiplication;

nn

Develop an understanding of division as "grouping,
and without remainders;

repeated subtraction," and "sharing," with

Recall multiplication facts for the 2, 3, 4, 5, 8, and 10 times tables, and derive division facts
corresponding to the 2, 3,4, 5, and 10 times tables; and

Identify fractions and equivalent forms of simple fractions, understand mixed numbers,
compare and order fractions, position fractions on a number line, make estimates, and solve
and complete practical tasks and problems involving fractions.

Part of Level 6 Use written methods to add and subtract two or more numbers less than 1,000 involving
decimals;

Understand decimal notation for tenths and hundredths, round numbers with one or two
decimal places to the nearest integer, and order numbers with up to three decimal places;

Multiply and divide decimals by 10 and 100 and integers by 1,000 and explain the effect, and
use written methods to multiply or divide a three-digit by a two-digit integer;

Find simple common multiples and factors and apply simple tests of divisibility;
Recognize odd and even numbers up to 1,000, square numbers and triangular numbers;

Understand fractions, find fractions of numbers or quantities, reduce a fraction to its simplest
form, and solve problems; and

Solve simple problems involving proportion, understand percentage as the number of parts in
every 100, and find simple percentages of small whole-number quantities.

Algebra Level 5 Identify patterns in number from 0 to 1,000;
Count in 4s or in 100s and recognize odd and even numbers to at least 100;
Describe (identify the rule in) and extend simple number sequences;

Understand that the same quantity can be written as an addition or a subtraction expression
(e.g., 24 =20 + 4 or that 24 = 30 - 6) and understand the relationship between addition and
subtraction, and provide a subtraction statement corresponding to a given addition statement,
and vice versa;

Understand the principles of the commutative, associative, and distributive laws of
multiplication;

Recognize that division is the inverse of multiplication, and that halving is the inverse of
doubling;

Solve number sentences in one or two unknowns and translate a word problem into a number
sentence; and

Solve mathematical puzzles by recognizing patterns and relationships and suggest extensions.
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m Attainment Level | Students are able to

Algebra Part of Level 6 Develop the idea of continuity and understand that the number line is continuous;
Solve inequalities;
Extend number sequences, such as sequences of square numbers and triangular numbers;

Understand and use the relationships between the four arithmetic operations and the
principles of arithmetic laws;

Factor numbers and use partitions (e.g., 87 x 6 = (80 x 6) + (7 x 6));

Identify properties and rules regarding brackets and order of operation;

Check results of calculations with an equivalent calculation or with the inverse operation;
Translate more difficult word problems into number sentences and equations; and

Draw graphs to display factual information, show mathematical relationships, and describe
them in their own words.

Shape, Space, Level 5 Identify, describe, and sort two-dimensional and three-dimensional shapes referring to

and Measure properties such as symmetry, the number or shape of faces, the number of sides or edges
and vertices, whether sides or edges are the same length, and whether or not angles are right
angles;

Recognize that a straight line is equivalent to two right angles and compare angles with a right
angle;

Identify and sketch lines of symmetry in simple shapes, sketch the reflection of a simple shape
across a mirror line along one edge, and recognize shapes with no lines of symmetry;

Recognize and use the four compass directions and make and describe right-angled turns;

Estimate measures (to the nearest whole- or half-unit or in mixed units) and compare lengths
(km, m, cm), masses (kg, g), and volumes (I, ml) using standard units, and suggest units and
equipment for such measurements;

Read simple scales to the nearest division, including using a ruler to draw and measure lines to
the nearest centimeter; and

Use units of time (second, minute, hour, day, week, month, and year), know the relationship
between them, read a calendar, suggest suitable units to estimate and measure time, and read
the time to five minutes on an analogue clock and a 12-hour digital clock.

Part of Level 6 Classify triangles (isosceles, equilateral, scalene) referring to sides, angles, and lines of symmetry
and draw shapes with increasing accuracy;

Visualize three-dimensional shapes from two-dimensional drawings and identify different nets
of solid shapes;

Recognize symmetry in regular polygons, complete symmetrical patterns with two lines of
symmetry at right angles, and recognize the position of a shape after reflection across a mirror
line;

Identify, estimate, and order acute and obtuse angles, use a protractor to measure and draw
these angles, and check the sum of angles in a triangle and on a straight line;

Use the eight compass directions and make and measure clockwise and counter-clockwise
turns;

Know and use the relationships between familiar units of length, mass, and volume and make
estimations in relation to everyday situations;

Understand perimeter and area of rectangles and other simple shapes (including compound
shapes); and

Use timetables and read the time on a 24-hour digital clock and use notation for 24-hour time.
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m Attainment Level | Students are able to

Data Handling Level 5 Read and interpret numerical data in lists, charts, frequency tables, pictograms, bar charts, and
line graphs, and construct them;

Use scales on charts and graphs and understand intervals;

Collect, organize, and represent data to solve problems and complete practical tasks; and

nn

Use appropriate language such as "least common," "most common," "most favorite," and "least

favorite" to discuss and explain results.

Part of Level 6 Solve problems by representing, extracting, and interpreting data in lists, tables, charts, graphs,
pictograms, and diagrams, including those generated by a computer;

Construct and use charts, graphs, tables, and pictograms;

Perform experiments such as tossing a coin or rolling a die, record outcomes and construct
frequency charts, graphs, and tables;

Decide how best to organize and present findings (including use of ICT where appropriate), and
use precise mathematical language and vocabulary when discussing data;

Answer questions by collecting, selecting, and organizing relevant data, draw conclusions, and
identify further questions; and

Explore and calculate the mean of a simple set of data.

Exhibit 3 presents the learning objectives for the lower secondary
attainment levels covering eighth grade (Level 7 and part of Level 8) within the
four mathematics curriculum strands.

Exhibit 3: Lower Secondary (Grade 8) Mathematics Learning Objectives

m Attainment Level | Students are able to

Number Level 7 Use the four arithmetic operations (addition, subtraction, multiplication, and division) for
calculating with integers, fractions, and decimals, including the correct order of operations and
the use of brackets;

Use ratios to compare two or more quantities, find the percentage associated with a quantity,
and find the percentage increase or decrease;

Understand and use positive exponents to represent squares and cubes and understand and
use prime numbers, prime factors, the least common multiple, and greatest common factor;
and

Use basic functions of a scientific calculator, round numbers to a specified number of decimal
places, and carry out rough estimates.

Part of Level 8 Reverse percentage changes and understand and calculate simple interest;
Solve problems involving direct and inverse proportions;
Apply the four arithmetic operations to mixed numbers and understand reciprocals;

Work with numbers in standard form and round numbers to a specified number of significant
figures; and

Use the number line to illustrate inequalities.

Algebra Level 7 Understand the use of letters to represent unknown values, simplify algebraic expressions by
collecting like terms, multiplying a single term over a bracket, and taking out a common factor;

Construct and solve linear equations in one unknown; understand that the equation of a
straight line describes the relationship between the x and y coordinates, generate ordered
pairs, and plot them;

Draw and use graphs to convert between units; and

Generate terms of a sequence.
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m Attainment Level | Students are able to

Algebra Part of Level 8 Simplify fractions, factor expressions, and expand expressions written in factored form;
Solve linear and simultaneous equations in two unknowns by trial and error;
Understand and determine the nth term of a sequence;
Write and manipulate more complex formulae;

Understand, interpret, and calculate the slope of a line and identify the slope and interceptin a
linear equation;

Solve systems of two linear equations graphically; and

Draw and use quadratic graphs to identify maxima and minima and solve quadratic equations
and related problems.

Shape, Space, Level 7 Use a protractor to measure and draw angles up to 360° and solve problems involving basic
and Measure angle facts, including parallel lines;

Use bearings to describe direction;

Draw basic constructions and identify geometric properties of triangles and quadrilaterals
through line and rotational symmetry;

Classify quadrilaterals using their geometric properties;
Identify parts of a circle (center, radius, diameter, and circumference);
Use formulas to find areas of triangles, parallelograms, and compound shapes; and

Find the volumes of compound shapes involving cubes and cuboids, and draw translations,
reflections, and rotations.

Part of Level 8 Convert units of area and volume;
Use angle properties of polygons and construct regular polygons;
Understand proof and use the Pythagorean theorem;

Calculate perimeters and areas of circles, sectors, and segments and surface areas and volumes
of prisms and pyramids;

Understand and use the three basic trigonometric ratios (sine, cosine, and tangent) and solve
problems involving angles of elevation, depression, and bearing;

Draw and interpret scale drawings; and

Understand and prove the fundamental angle-circle theorems.

Data Handling Level 7 Collect data using observations, surveys, and experiments;

Understand, compute, and interpret the mean, mode, median, and range of a set of ungrouped
data, compile and interpret frequency tables for ungrouped or grouped continuous and
discreet data;

Find probability by experiment and compile sample spaces; and

Use spreadsheets to construct bar graphs and pie charts, and compute the mean and range of
sets of ungrouped data.

Part of Level 8 Find the modal class, an estimate of the mean, and the class interval in which the median lies in
grouped frequency distributions;

Understand that the probabilities of all mutually exclusive outcomes add up to 1; and

Use frequency tables and sample spaces.
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Science Curriculum in Primary and
Lower Secondary Grades

The new, proposed Primary Science Framework aims to develop foundation
knowledge, understanding, skills, and attitudes toward science through first-
hand experience.® This foundation is intended to lead to a deeper, progressive
understanding of scientific activity, forming a basis for further study in science
at the secondary level.

The current Primary Science Curriculum is designed to implement the
objectives stated in the National Minimum Curriculum. Objective 12 of the
National Minimum Curriculum focuses on students having a “greater awareness
of the role of science and technology in everyday life” ¢ The corresponding
Maltese primary science syllabus was formulated and introduced between the
years 2000 and 2003. This primary science syllabus is divided into three core
areas of science related to biology, chemistry, and physics—Sharing Our World,
Energy, and Materials—each of which are developed into eleven specific topics.

In the early primary years (Grades 1-3), students are expected to use
their senses to observe and group objects and events in their immediate
environment, and to identify possible situations for scientific investigation.
They use these observations to make predictions, suggest possible solutions and
simple investigations, and make simple measurements. Students also conduct
investigations in a group, make simple evaluations (e.g., describing whether
what happened was expected), and share their procedures and findings with
the class.

In the later primary years (Grades 4-6), students are expected to compare
and classify objects and events in their immediate environment, use these ideas
to make testable predictions, and discover ways to conduct fair tests. They
also learn to select appropriate resources and instruments and use standard
measurements with appropriate precision. Students gain experience organizing
themselves within groups and working in teams. They record and analyze data
using simple graphs and information-processing technologies to find patterns.
Groups then draw conclusions reflecting the information collected, evaluate the
process, and generate ideas while presenting well-reasoned, complete reports
to the class.

At the primary level, geography is taught as part of the social studies
program that encompasses history, social studies, and geography. The geography
program aims at making students aware of the different influences on Maltese
society, using the nation’s Euro-Mediterranean background as a starting point to
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a broader and more global perspective. It is expected that by the end of primary

education, the majority of students will have attained Level 4 in the compulsory

program for geography.

¢ Level 1—Students become aware of the immediate local environment
(the classroom, the local town, or village) through oral expression and by
observing natural life cycles, including day and night and the seasons.

¢ Level 2—Students become aware of the physical and human elements in
their immediate surroundings through oral and artistic expression and
some basic writing. Students are encouraged to reason and express their
views about daily life events, including the weather.

¢ Level 3—Students become aware of the physical and human elements
in Malta, the Mediterranean, and the world. These include physical and
environmental features that encourage and support basic geographical
research.

¢ Level 4—Students are able to give explanations of many of the
physical characteristics of the Maltese islands through oral and
written expression, as well as through pictures and maps. Emphasis
is placed on the contrasts between the Maltese environment and that
of other Mediterranean countries. The collection of geographical data
and its presentation forms the basis for a geographical study carried
out in school. Simple map interpretation and the use of photos and
technological support are used for data collection.

The Integrated Science Curriculum for secondary education builds on the
Primary Science Framework, thus students learn integrated science during
Grades 7 and 8 (Forms 1 and 2).” This curriculum has three strands: Life
Processes and Living Things, Materials and Their Properties, and Physical
Sciences.

¢ Life Processes—This strand allows students to understand and
investigate life processes as well as appreciate the diversity of living
things and how these interact with each other and with the surrounding
environment.

¢ Materials and Their Properties—This strand allows students to become
aware of a diversity of naturally occurring materials, particularly through
inquiry and investigations, become familiar with the structures and
properties of mixtures, and understand ways of processing raw materials
to form new products with different properties.
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¢ Physical Sciences—This strand allows students to understand the
properties of a variety of forces existing in the universe and to investigate
their effects. Consequently, students discover how interactive forces
produce conversion in energy from one form to another.

Each strand is organized into a number of units.® Each unit comprises a
number of teaching objectives, examples of teaching activities and experiences,
and indicators of learning outcomes. The approach to teaching and learning
science is inquiry based and student centered, and units support a constructivist
approach by following the 5E model: engage, explore, explain, elaborate, and
evaluate. During each session, the teacher determines the topic of inquiry or
focus question to engage students’ interest and curiosity. Students observe,
explore, predict, plan, and conduct investigations; collect and interpret data;
and give explanations. Then, students are challenged to elaborate on their
understanding by linking the known with the new and by applying concepts and
skills in new contexts. Students are encouraged to evaluate their understanding
and competencies, and the teacher assesses areas of strength and weakness
highlighted by student performance in the activity.

During the last three years of secondary education (Grades 9-11),
students choose two subjects to study as core curriculum options. Students with
scientific interests can opt for biology and chemistry, while physics is
compulsory in Forms 3, 4, and 5 (Grades 9-11) for students attending state
schools.” 101112, 13, 14, 15,16, 17 Geggraphy is taught by specialized teachers as a
separate subject in secondary schools, and students may choose the subject as
a core curriculum option during the last three years of secondary education. In
non-state schools, students have the option of choosing environmental studies
in lieu of geography, although some schools offer both subjects. Most non-
state schools offer environmental studies as an option instead of geography in
Forms 3, 4, and 5 (Grades 9-11).

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories

Mathematics textbooks for state schools are selected by Education Officers
within the Directorate for Quality and Standards in Education, in consultation
with the Heads of Department and mathematics teachers. Non-state (i.e., church
and independent) schools choose their own textbooks, although some opt for
the same textbooks and programs adopted in state schools.

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA

s, International Study Center

Lynch School of Education, Boston College MALTA

595



Beginning in 2001, a program was phased in at the primary level to
promote the notion that children need to develop a good sense of numbers
and be able to do mental calculations, not just learning facts and procedures
by rote. To accomplish this, children need a good inventory of number facts
and mathematical relationships as well as good mental mathematics strategies.
The program is based on the Abacus Programme, and thus takes advantage of
specific instructional materials, including a mental warm-up activities book,
teacher cards, textbooks, photocopy masters, a numeracy support book, and
an assessment book.

At the secondary level, mathematics instruction emphasizes the utilitarian
and aesthetic aspects of mathematics (described previously). Instructional
materials include the following: a student textbook, detailing the main activity
for each lesson; a practice book, with examples for further practice; and a
teacher resource pack, with a set of notes and discussion points for each lesson.

At the primary level, there are no science textbooks; teachers provide
their own learning resources to students, supplemented by resources produced
by science peripatetic teachers (described in the Grade at Which Specialist
Teachers for Mathematics and Science are Introduced section, below). To make
the students’ science learning experience interesting and enjoyable, various
materials, apparatuses, and other resources are provided on an on-loan basis by
primary schools and the Science Centre, a resource center for science teaching
at both the primary and secondary levels. There are no laboratories in primary
schools and practical lessons are carried out in class, in a science and technology
room, or in a multi-purpose room.

At the secondary level, students are provided with a textbook. For
Forms 1 and 2 (Grades 7 and 8), the textbook covers integrated science, while for
the final three years (Grades 9-11), it covers physics, which is the compulsory
science subject. Those students opting for chemistry or biology are provided
with textbooks for these subjects. Teachers produce their own teaching and
learning resources very often in collaboration with their colleagues in the same
school. Each secondary school has a number of science laboratories in which
students carry out inquiry-based learning. These laboratories have recently been
re-equipped with new science apparatuses, including data loggers. Because the
number of students per practical session in a laboratory cannot exceed sixteen,
classes are divided into smaller groups for these sessions. Laboratory technicians
are present to prepare the apparatus and to assist the teacher during the practical
session. Sessions are held over two consecutive lessons so that students can have
enough time to conclude their experiments.
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Use of Technology

Each primary classroom in Malta and Gozo (a small island in the Maltese
archipelago) is equipped with four computers, a printer, and an interactive
whiteboard. Primary and secondary level classroom teachers also are provided
with a personal laptop so they can prepare materials at home for classroom use.

In secondary schools, computers also are found in the library and in
computer laboratories. Schools have science laboratories and each is equipped
with an interactive whiteboard. During science lessons, most secondary level
teachers use various digital resources available on the Internet. Students are
encouraged to research science topics on the Internet to supplement information
provided by the teacher.

Currently, an e-learning platform is under development; once available,
it will encourage a paradigm shift in the teaching and learning experience in
Maltese schools. Teachers and students then will be able to access teaching and
learning resources through the e-platform.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

Students are taught by specialist teachers as soon as they begin secondary
education. At the secondary level, all science teachers have specialized in the
teaching of one or two science subjects during their initial teaching education.
Similarly, secondary level mathematics teachers have specialized in the teaching
of mathematics and another related subject.

At the primary level, science teaching is carried out mainly by primary
science peripatetic teachers who travel among multiple schools. Peripatetic
teachers are assigned to a group of schools within a college and operate from the
Science Centre. The first team of peripatetic teachers was formed back in 1990
when science was introduced in primary schools. Today, this team comprises
22 peripatetic teachers who deliver lessons, conduct fieldwork excursions, and
organize other related activities in all state colleges in Malta and Gozo.

Peripatetic teachers visit their primary school classes once every other
week. In between visits, science lessons are delivered by the respective classroom
teachers. The work of the “specialist” peripatetic teachers is to help children
develop and strengthen their scientific skills by acquiring scientific language,
observing and making scientific predictions based on these observations,
carrying out investigations, gathering and interpreting data, and working in a
team. The peripatetic teachers’ main duties are to do the following:
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¢ Deliver science lessons;

¢ Use and promote science and technology through the use of resource
boxes;

¢ Support primary classroom teachers in science-related teaching and
learning;

¢ Assist schools in developing science and technology policies in their
School Development Plans (SDP);

¢ Produce and deliver hands-on science activities outside the classroom;
¢ Organize and conduct fieldwork excursions; and

¢ Conduct an inquiry-based practical session assessment of students in
Years 4-6 (Grades 4-6).

Homework Policies

Malta has no centrally prescribed homework policy for either mathematics or
science; decisions regarding homework are at the discretion of the school or
college. At both primary and secondary education levels, daily mathematics
homework is commonly used for consolidating and reinforcing concepts.
In primary grades, homework is graded daily by the teacher, usually after
corrections have been carried out in class. In secondary grades, special
homework is assigned after a topic is completed and is always graded by the
teacher for formative purposes. In science, homework can take various forms,
including research, multiple-choice items, essay writing, problem solving, and
projects and presentations.

Teachers and Teacher Education

At present, there are two main forms of initial teacher education: the concurrent
model, and the consecutive model. The most common option is the concurrent
model, whereby students follow a four-year Bachelor of Education Honors
program of study at the University of Malta, or any other recognized university,
and specialize in either primary or secondary teaching. This full-time program
of study comprises 240 European Credit Transfer System units (ECTSs) and
includes field placements (teaching practice periods) in schools, in addition to
writing and presenting a dissertation.

The B.Ed. (Hons.) primary program track prepares students to teach each
of the eight subject areas in the primary curriculum: English, mathematics,
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Maltese, religion, physical education, science, expressive arts, and social
studies. In addition, the program has a strong professional component,
which includes assessment, health education, disability, literacy difficulties,
environmental education, and psychosocial and legal issues. General pedagogy
and interpersonal skills are emphasized in the initial years of the program.

The B.Ed. (Hons.) secondary program track allows students to deepen
their subject knowledge in both content and pedagogy. Students can choose to
specialize either in one of a range of subjects offered by the faculty, or can opt
for double subject specialization, which is possible in most of the humanities
areas. In the secondary program track, most courses are taken in other academic
departments, such as mathematics or science. In addition to subject content,
this track includes a strong component of pedagogy and professional issues,
which include assessment, language, diversity, and sustainable development.
Importance is given to developing teachers as reflective practitioners.

The second teacher education option is the consecutive model, whereby
students first complete a non-education bachelor’s degree from a recognized
university and then follow a one-year full-time program of study leading
to a Post-graduate Certificate in Education (PGCE). Teachers following the
consecutive model are usually destined to become teachers at secondary level.

The PGCE program focuses on pedagogy rather than on content and
emphasizes school experience together with teaching practice. Teaching
practice introduces prospective teachers to the realities of classroom life and
provides them opportunities to regularly plan and deliver lessons as well as to
critically reflect on their own practice. All education students study educational
psychology, philosophy, and sociology of education.

Teachers opting for primary education take four compulsory (ECTYS)
credits in teaching primary science and another four in environmental
science during their first year of study. During the second year, they have two
compulsory (ECTS) credits covering curriculum development in science and
another two in the fourth year on teaching science. Students opting to teach
at the secondary level specialize in teaching two main subjects to have more
flexibility when applying for a teaching post. Education courses for both levels
cover the theoretical and practical aspects of pedagogy.

Because teaching in Maltese schools is bilingual, teachers also must be
proficient in both Maltese and English at the primary level. At the secondary
level, prospective Bachelor of Education students pass a proficiency test in
English prior to enrolling in the degree program. No teacher may obtain a
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permanent position if he or she does not meet the required standard in
both languages.

Since the introduction of computer literacy at all levels in all schools,
prospective teachers are required to possess a European Computer Driving
License (ECDL) as one of the entry qualifications for a Bachelor of Education,
or a post-graduate certificate or diploma in education.

Requirements for Ongoing Professional Development
All teachers, including primary science peripatetic teachers, participate in at
least one In-Service Training (INSET) course related to their subject content
or pedagogy per year. These continuous professional development courses,
organized and conducted by the Directorate for Quality and Standards in
Education (DQSE), have a minimum duration of twelve contact hours and are
held either in July or September. INSET courses are open to all primary school
teachers practicing in both state and non-state schools.

The following professional development sessions for teachers are organized
by the directorate:

¢ Three 2-hour sessions (one per term) after school hours;
¢ Three 2-hour sessions (one per term) during school hours;
¢ School Development Day; and

¢ Three half-day INSET courses at the beginning or end of the
scholastic year.

Primary science peripatetic teachers also participate as a team in a two-
hour professional development or curriculum development session once every
two weeks. This is an informal session held at the Science Centre to discuss
pedagogical and content issues and organize training sessions when the need
arises. Periodically, peripatetic science teachers voluntarily attend courses and
seminars, outside normal working hours. Such courses are organized regularly
by the Maltese Association of Science Educators (MASE) and the Malta Council
for Science and Technology (MCST).

Monitoring Student Progress in Mathematics and Science

Evaluation of student achievement is an essential component of mathematics
education. It is necessary to give teachers feedback on the success of their
methods and approaches and to assist in planning for new learning (formative
aspect), as well as to assess student readiness for new learning and to find out
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what they have learned (summative aspect). Diagnostic assessment procedures
enable teachers to become aware of individual students’ difficulties and plan
learning activities specifically designed to meet these learning needs.

Mathematics assessment focuses both on what students know and can do
and on how they think about mathematics. It involves a broad range of tasks
and problems, and requires the application of a number of mathematical ideas.
Assessments evaluate student skills, such as the ability to communicate findings,
present an argument, and exploit an intuitive approach to a problem.

Assessment is an integral part of the normal teaching and learning program
and involves multiple techniques, including written, oral, and demonstration
formats. Group and team activities also are assessed periodically. Teachers
avoid giving tests that only focus on a narrow range of skills, such as the
correct application of standard algorithms (procedures). While these skills
are important, a consequence of isolating skills and knowledge in a narrow
assessment procedure is that students tend to learn only in that way. In such
instances, mathematics then becomes a set of separate skills and concepts with
little obvious connection to other aspects of learning or to the world.

Assessment in science reflects a similar philosophy. Science testing is
based on performance task assessment principles. Students are presented with
a hands-on investigative task or experiment to perform and they are assessed
on the following: the manner in which they approach the task, individually and
as a group; the skills they employ during the process; and the conclusions they
arrive at following their investigations. During this process, students are asked
to make predictions, employ fair investigative strategies, conduct multiple trials,
record results, and then apply their findings to real life situations.

To provide students and their parents with information about progress,
teachers report what the students have achieved and how well they achieved
it. Teachers also give feedback (oral or written), indicating what the students
have done well and how they can use this feedback to improve. A grade or mark
alone is insufficient.

In Grades 4 and 5 (Years 4 and 5), students take school or college-based
mid-year examinations and national end-of-year examinations in Maltese,
English, mathematics, religion, social studies and science. In Grade 6 (Year 6,
the final year of primary education), students have an examination in February
and a National Benchmark for End-of-Primary in June, covering Maltese,
mathematics, and English. For all the above-mentioned examinations, papers
are graded to recognize different abilities.
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At the secondary level, student learning is monitored by both formative
and summative assessment. There are different examinations in each grade
because students are tracked according to their ability level. The summative
assessment process is similar to that for primary education, with a mid-year
and an annual examination. At the end of secondary education, students choose
to take the Secondary Education Certificate examination in the subjects they
have learned. The Secondary Education Certificate covers all subjects taught
in Maltese schools and is a requirement for proceeding to further education.

Impact and Use of TIMSS

Malta participated for the first time in TIMSS 2007 at Grade 8. The results
obtained, especially in science, have urged policymakers to address those
areas in science instruction requiring rethinking. In 2008, a working group of
major stakeholders was established to review science instruction throughout
compulsory education. In May 2011, a policy document entitled A Vision for
Science Education in Malta was published and, following a broader consultation
process, was finalized in December 2011. The policy recommends major
changes in science education, such as introducing integrated science throughout
secondary education and replacing physics as the compulsory science subject
during the last three years of secondary education. It also recommends
that teachers adopt a pedagogy of inquiry-based learning in their classes.
The document places renewed emphasis on science instruction in primary
schools, and recommends increased education in science teaching for primary
school teachers.

TIMSS 2007 also has influenced the drafting of a new mathematics
curriculum starting with the first year of secondary education (Form 1). To
challenge the cognitive processes required for a complete learning experience,
three teaching approaches are being recommended for mathematics instruction:
exposition, discovery, and exploration.
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Intfroduction

Overview of the Education System

The Kingdom of Morocco's 2011 Constitution specifies that the state, public
institutions, local authorities and families should work toward facilitating
citizens, and in particular children’s, equal access to education, vocational
training, physical education, and art.!

A number of institutions, statutes, decrees, and circulars regulate education
in the country. The Ministry of National Education, Higher Education, Staft
Training, and Scientific Research oversees all areas related to the provision of
both public and private education. The ministry is run according to the National
Charter for Education and Training adopted in 1999, which recommended
decentralized education delivery and increased responsiveness to local needs
and realities.> Accordingly, regional Academies for Education and Training
in each of the 16 administrative regions of Morocco have been charged with,
among other things, developing up to 30 percent of the curriculum for their
respective regions to help ensure that these curricula are locally relevant. In
addition, regional Délégations are charged with, among other things, providing
services for education in their respective regions.

The implementation of the National Charter for Education and Training
has resulted in renewing curricula and textbook assessment and evaluation.
The National Directorate of Curricula develops the core curriculum, establishes
pedagogical standards, and adopts textbooks according to the guidelines and
specifications established by the ministry. These guidelines are used as a frame
of reference in teacher training and the development of teaching materials.

The National Education Emergency Program was designed by the
Moroccan Government with the support of development partners. The four-year
program covers the period of 2009-12 and its purpose has been to accelerate the
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implementation of reform resulting from the National Charter of Education and
Training. The specific objective of the program is to make education available
to all and improve the quality of teaching and performance of the education
system. The program supports the efforts of the Moroccan Government in skills
development and poverty reduction under the National Human Development
Initiative, as well as helping the country make significant strides toward meeting
some of its UN Millennium Development Goals by 2015.

Morocco’s education system is divided into preprimary, primary, secondary;,
and tertiary education.

The National Charter of Education and Training mandates that preprimary
education be available to all children between four and six years of age.
Preprimary education in Morocco is provided through two types of schools:
kindergartens and Quranic schools. Kindergartens, which are generally privately
owned, provide education primarily in cities and towns. Quranic schools prepare
children for primary education by focusing on basic literacy and numeracy
skills and have always been at the forefront in the battle against illiteracy,
particularly in remote areas of the country.* Preprimary teachers develop their
own curriculum according to a set of principles established by the Ministry of
Education that take into account students’ physical and cognitive development,
needs, interests, and abilities.” Attempts have been made within the framework
of the National Education Emergency Program to enable primary schools to
host preprimary classes with the intention that this model could be expanded
in the future.

Children generally attend primary school from ages 6-12. Over the last
ten years, Morocco’s gross enrollment rates within primary education have
been consistently rising and dropout rates have been falling. According to the
National Education Emergency Support Program, many school-age children
in impoverished families stay out of school due to the high cost of schooling
(e.g., expenses relating to textbooks, school materials, and other incidentals),
and are therefore bound to work to supplement the family income.® To combat
educational exclusion, Morocco’s government launched Tayssir, a conditional
cash transfer program whose aim is to encourage higher primary school
enrollment. Tayssir grants a stipend to impoverished families who enroll and
keep their children in school. At the end of primary school, students must
fulfill the requirements of the school leaving qualification, Certificat d’Etudes
Primaires, to be eligible for admission to lower secondary schools.
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Lower secondary school in Morocco is also compulsory. This stage lasts for
three years (Grades 7-9) and is attended by children ages 13-15.7

Upper secondary school also lasts three years. During the first year, all
students follow a common core curriculum in arts or science and technology.
Following the first year, students are streamed into one of two tracks: the general
and technical track, leading to the Baccalaureate, or the vocational track, leading
to professional qualifications. Within the general track, first-year students study
arts, science, technology, mathematics, or Islamic disciplines. Second-year
students study Earth and life sciences, physics, agricultural science, technical
studies, or one of two mathematics tracks (Track A in which students study
Earth and life sciences, or Track B in which students study engineering sciences).

Higher education in Morocco is offered at 16 universities (grandes
écoles) and institutes, such as Hassan II Institute of Agronomy and Veterinary
Sciences. Admission is open to students who have attained the upper secondary
school Baccalaureate. Many higher education institutions also require that
students have minimum grades in their proposed majors and pass an entrance
examination.

Languages of Instruction

According to the 2011 Constitution, Arabic and Amazigh are the two official
languages of the Kingdom of Morocco. Arabic is the medium of instruction for
mathematics and science at the fourth and eighth grades.

The 1999 Charter for Education and Training stipulated that an open
approach toward the Amazigh language would be endorsed.? To this end,
the Royal Institute for the Amazigh Culture (IRCAM), which was created in
2001 under provisions of the Royal Dahir, has been designing various teaching
materials and teacher training programs in Amazigh jointly with the Ministry
of Education. Some 12,000 teachers, 300 inspectors, and 558 school principals
have so far received Amazigh teacher training through IRCAM. The inclusion
of Amazigh in the school curriculum was a remarkable event within Morocco’s
educational spheres.

The 2011 Constitution supports learning foreign languages and stipulates
that the most widely used foreign languages shall be taught as means of
communication, integration, and interaction with other societies in the spirit
of openness to other cultures and civilizations.® French, which is taught in
kindergartens and the first and second grades of public primary schools, is often
used as the language of government, diplomacy, technology, and economics
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in Morocco. French also is the medium of instruction for some technical
disciplines in upper secondary schools, as well as for higher education institutes
and engineering schools. English also is gaining ground as the most popular
foreign second language and is used as the medium of instruction in a small
number of higher education institutes and engineering schools. Spanish, Italian,
and German also are taught as foreign languages beginning in Grade 9.

Mathematics Curriculum in Primary and
Lower Secondary Grades

Currently in Morocco, a new primary school curriculum is under development,
which is aligned with the vision of the National Reform for Education and
Training and in compliance with the National Education Emergency Support
Program. The curriculum also reflects the newly adopted competency-based
approach and its offshoot, the pedagogy of integration, which emphasizes the
need to train students to face the challenges of globalization and technological
development.!® Accordingly, as was the case with the 2002 mathematics
and science curriculum, the new curriculum draws upon the tenets of the
competency- and value-based approaches, as well as the innovative active
learning-oriented pedagogical model.!!

The mathematics curriculum content for both grades reflects continuity
between primary and secondary education, enabling students to strengthen
previously learned concepts and skills while developing others. Generally,
the curriculum enables students to strengthen their mathematical reasoning.
Specifically, the fourth grade mathematics curriculum aims to enable students
to do the following:

¢ Enjoy learning through practical activities;

¢ Gain confidence and competence in using numbers and number
systems;

¢ Develop problem-solving abilities;
¢ Explore shape and space within a range of meaningful contexts;
¢ Develop measuring skills in a range of contexts; and

¢ Develop insights into the importance of mathematics in a growing
number of occupations and in daily life.
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following areas: !

The fourth grade syllabus for mathematics is organized around the
2

¢ Place value—Numbers up to 999,999 (addition, subtraction,
multiplication, division, and using written and mental calculation
strategies).

¢ Measurement—Length, weight, time, capacity, and volume.

L4 Geometry—Basic geometric patterns, such as rectangular and square
symmetry, rotational symmetry, and translations.
The eighth grade mathematics curriculum aims to enable learners to do

the following:

¢ Acquire and apply knowledge and skills pertaining to number,
measurement, space, and statistics necessary for use in everyday
mathematical situations;

¢ Acquire mathematical knowledge and skills necessary for further
mathematics studies;

¢ Develop the ability to make logical deductions and inductions through
problem solving;

¢ Acquire oral and written language skills to clearly communicate
mathematical ideas and arguments;

¢ Develop a positive attitude toward, confidence in, and enjoyment of
mathematics;

¢ Develop the ability to appropriately monitor and evaluate one’s own
progress; and

¢ Develop the skills necessary to plan and carry out a project.

The content of the mathematics syllabus for the eighth grade includes the

following components: 13
¢

Number—Numerical operations on rational numbers, powers of real
numbers, and solving equations and formulas for a given variable.

Statistics.

Geometry—Axial symmetry, the Pythagorean theorem, the cosine of an
angle, vector equality, and vector addition.
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Science Curriculum in Primary and
Lower Secondary Grades

As stated above, Morocco’s 2002 curriculum draws upon the tenets of the
competency- and value-based approaches, as well as the innovative active
learning-oriented pedagogical model. The science curriculum content for both
fourth and eighth grades reflects continuity between primary and secondary
education, enabling students to strengthen previously learned concepts and
skills while developing others.

The goals of the fourth grade science curriculum are as follows: '*

¢ Build upon interest in and stimulate curiosity about our environment
through high-quality science learning experiences;

¢ Gain deeper personal insights and, by implication, gain aesthetic
appreciation of the natural world;

¢ Develop scientific inquiry skills, attitudes, and values;

¢ Develop the ability to use scientific knowledge and methods in making
personal decisions; and

¢ Maximize understanding of the influence of science and technology on
our environment and our lives.

The syllabus for fourth grade science includes the following topics:

¢ Types of gases and common properties of gases;

¢ Nautrition, balanced meals, and principles of digestion;

¢  Locomotion, especially adaptations of animals living in water;
¢ Measuring matter;

¢ Physical and chemical changes;

¢ The life cycle, with insects and plants as models;

¢ C(lassification of animals;

¢ Classification of flowering plant families;

¢ Water and the environment, water use and conservation, pollution, and
organisms in nature; and

¢ Electricity and how electric circuits work.

The eighth grade science curriculum is designed to enable students to gain
awareness and understanding of the skills needed in science. The distinguishing
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feature of the syllabus for this grade is that it focuses equally on the acquisition
of scientific knowledge and thinking processes. It is organized around the
following areas: 1°

¢ The theory of plate tectonics, evidence supporting the movement of
continents, geological phenomena, earthquakes, volcanoes, tectonic
processes resulting in the formation of rocks and mountains, and the
Earth system;

¢ Animal reproduction, fertilization, continual development, and the
concept of developmental stages;

¢ Plant reproduction and its processes;

¢ Reproductive systems and their functions, pregnancy, delivery, breast
feeding, and birth control;

¢ Heredity, hereditary characteristics and diseases, and the role of
reproductive cells in the transmission of hereditary characteristics;

¢ The genetic ill-effects of intermarriage among blood relatives; and

¢ Cloning.

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

In Morocco, fourth grade mathematics is taught two lessons per week,
each lasting 2.5 hours. Of these five hours of instructional time, one hour is
devoted to remedial work and one hour is devoted to assessment. Eighth grade
mathematics is taught for four hours per week. Science is taught weekly in two
45-minute sessions for fourth grade. At the eighth grade, science it taught for
28 hours each semester, focusing on each content area for between two and
eight hours.

Instructional Materials, Equipment, and Laboratories

Mathematics and science teachers across the country use textbooks approved

by the Ministry of National Education, in compliance with book specifications

issued by the ministry. Teachers can supplement the textbooks with materials

designed by inspectors or supervisors to further address specific student needs.
Until 1999, textbooks had been designed by committees within the

ministry. As of the 2012-13 school year, a new generation of primary school
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textbooks will be available following approval by a jury consisting of content
area specialists appointed by the ministry.!6

Science laboratories are not always available in primary schools.
However, all lower secondary schools have their own science laboratories that
accommodate requirements of the national curriculum. Greater efforts are
being made to recruit more qualified laboratory technicians in order to ensure
equipment maintenance and safety.

Use of Technology

Since 1999, the Ministry of Education has been implementing a policy
promoting information and communication technology (ICT) in education, in
accordance with Article 10 of the Charter of Education and Training.!” In March
2005, the ministry launched the Generalization of Information Technologies
and Communication in Education (GENIE) initiative to improve the quality of
teaching and learning through the use of ICT in all public schools.!® Through
GENIE, all Moroccan schools are being equipped with computer laboratories
supported by ADSL Internet access and are providing training for teachers,
headmasters, advisors, and inspectors.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

Teachers with specialties in mathematics and science are critical for improving
student mathematical ability and self-confidence. However, primary school
teachers, unlike their peers in lower secondary schools, are not required to
specialize in mathematics and science.

Homework Policies

Educators in Morocco tend to continue to prioritize homework assignments.
Homework builds responsibility, self-discipline, learner autonomy, and lifelong
learning habits and provides reinforcement for learning outcomes. Homework
assignments include practice tasks or activities, preview assignments, extension
assignments, and creative activities.

Teachers and Teacher Education

Teacher Education Specific to Mathematics and Science

The Teacher Training Center for Primary School Teachers (Centre de Formation
des Instituteurs) and the Regional Pedagogical Center (Centre Pédagogique
Régionale) for lower secondary school teachers provide full-time courses and a
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practicum leading to a professional graduate certificate in education. In order to
be admitted to either teacher college, applicants must hold a two-year General
University Studies Diploma (Dipléme d’Etudes Universitaires Générales), pass
an entrance examination, and participate in a background interview. Teacher
education at the colleges consists of a practice-based, one-year course for
teachers, which includes a practicum and supervised class observations intended
to provide hands-on experience in teaching.
Teacher education is generally divided into two major areas:

¢ Foundational knowledge about specific issues related to the philosophy
of education, education psychology, and the sociology of education; and

¢ Methodologies for teaching different content areas.

Upon the successful completion of the training course, teacher trainees are
appointed to primary or lower secondary schools.

Requirements for Ongoing Professional Development

The National Charter for Education and Training prioritizes professional
development of teachers and school administrators.!® Pedagogical inspectors
play an important role in the education system in Morocco. They design
teacher professional development programs, colloquia, and seminars and
supervise teachers, among other endeavors, to further improve teaching and
learning within the 16 Regional Academies for Education and Training across
the country.

Monitoring Student Progress in Mathematics and Science

The Ministry of National Education in Morocco has implemented policies that
require students to pass exit examinations at each level of education in order
to obtain a leaving certificate and, by implication, continue to the next level.
However, within primary school, students are automatically promoted from one
grade to the next. Correspondingly, dropout rates have declined during the last
ten years, particularly for primary school students.
At each educational cycle, the following exit examinations are administered:
¢ Primary School Exit Examination—This examination is given across the
16 regions, and is developed by commissions of experienced teachers
and inspectors from the Délégations and the Academies for Education
and Training, respectively. Students are required to pass this examination
to be eligible for admission to lower secondary school.
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¢ Lower secondary School Exit Examination—This examination also
is given across the 16 regions, and also is developed by commissions
of experienced teachers and inspectors from the Délégations and the
Academies for Education and Training, respectively. Successful students
are awarded a leaving certificate and are eligible for enrollment in upper
secondary schools.

¢ The Baccalaureate Examination—This is a national achievement
examination developed at the National Center for Examinations. The
exam takes 3 or 4 days to complete and covers the content and objectives
outlined in the syllabi for upper secondary education. The content
included in the Baccalaureate depends on the specific coursework
taken by the student. Some subjects are tested either through school
assessment at the end of the first or second year of Baccalaureate-track
education or through the regional Academie, an examination given in
the second semester of the first year of Baccalaureate-track education.
Students who achieve an overall average of 10 or better on a 20-point
scale are awarded the Baccalaureate Diploma. The National Charter
for Education and Training stipulates that all students who pass the
Baccalaureate examination are eligible (in the year in which they pass
the examination) for tuition-free studies at one of the public universities
across the country.

Formative assessment is an important source of feedback for teachers
and is geared toward helping them to gauge the effectiveness of their teaching
strategies in relation to the curriculum as well as to orient teaching style
to student learning style. Teachers use formative assessment aligned with
ministerial circulars and pedagogical guidelines as a source of information about
student progress and ability.?’ Formative assessments are curriculum-based tests
of student competencies, which provide opportunities for remediation.?!

Teachers administer formative assessments at the end of the first semester
and the end of the school year. These are school-based tests and are administered
under standardized testing conditions. Their purpose is to determine how well
students have achieved the overall syllabus objectives for the semester or year.
Tests are broad in coverage and assess a representative sample of content from
the syllabus covered during the semester or year. Teachers also administer short
quizzes at different stages of instruction.

The 1999 Charter for Education and Training stipulated that Morocco’s
assessment and certification system should be overhauled. In response, the
National Center for Evaluation and Examinations has led significant reform of
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the assessment and certification system. In an effort to ensure uniformity and
standardization in the evaluation process, the center developed frameworks and
guides for the design, administration, and scoring of exam papers. Moreover,
in collaboration with the Higher Council for Education, the center launched
the National Program for the Evaluation of Acquired Learning Outcomes
(Programme National d’Evaluation des Acquis, or PNEA) to implement a
periodic assessment of student learning. The PNEA nationwide system of
assessment makes it possible to gauge whether or not learning outcomes have
been met, and to define a benchmark against which to systematically evaluate
the quality of education being provided. The executive summary of PNEA 2008
includes a series of recommendations to improve the teaching and learning of
languages, mathematics, and science.?

An in-depth diagnosis of the school exams and certification system is
underway within the National Center for Evaluation and Examinations with the
aim of redefining the system within a national policy framework for evaluating
learning outcomes. The National Education Emergency Support Program is, in
part, the outcome of a variety of studies and assessments, and aims to further
build the credibility of the assessment and certification system.

Impact and Use of TIMSS

The reliable, valid, and detailed data that TIMSS provides about Moroccan
student achievement in mathematics and science has been beneficial to
education reform in Morocco. Equally important are the TIMSS data about
the educational environment within which students learn these two subjects at
the primary and lower secondary levels. Through the international perspective
provided by TIMSS, Moroccan educators have gained deeper insights into ways
to further improve mathematics and science teaching.

The National Center for Evaluation and Examinations, in collaboration with
the Regional Academies of Education and Training, organized 16 nationwide
seminars geared toward implementing the provisions of the National Education
Emergency Support Program regarding student assessment. These seminars
were an opportunity to disseminate data about Moroccan student achievement
in mathematics and science (as well as reading) and identify the areas and
skills needing further attention. Educators, parents, and other stakeholders
were called upon to develop improvement plans to help students enhance their
competency in mathematics and science.
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In light of Moroccos TIMSS results, the Ministry of National Education has
launched the Evaluation of Prerequisites program (UEvaluation des Prérequis)
designed to nurture a culture of assessment in mathematics and science, and
particularly to diagnose key competencies (and resources) students should
master within the new science and mathematics curriculum. This program,
administered nationwide at the very beginning of each school year, enables
teachers to identify students’ areas of strength or areas needing improvement
during instruction and according to each students’ individual learning
pace.?® Within the framework of the assessment program, diagnostic tests are
administered and scored at the very beginning of the school year. Students with
similar learning difficulties are grouped and specific remedial work programs
are designed and implemented for these student groups. One of the major
benefits of this program is that when teachers cannot easily resolve students’
difficulties on their own, headmasters, inspectors, pedagogical advisors, and
school management councils are all called upon to develop a context-specific
improvement plan to provide more extra-curricular student support.

Similar to the Evaluation of Prerequisites program, National Program
for the Evaluation of Acquired Learning Outcomes (PNEA) ensures efficient
and objective evaluation of student achievement. PNEA was designed to assess
and monitor student competencies with a broader perspective on matters of
curriculum, training, and research from international assessment results.?*
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The Netherlands

Martina Meelissen
Annemiek Punter
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Intfroduction

Overview of the Education System

Dutch schools traditionally have significant autonomy. The Dutch education
system is based on the principle of freedom of education, guaranteed by
Article 23 of the Constitution.! Each resident of the Netherlands has the right
to establish a school, determine the principles on which the school is based,
and organize instruction in that school. Public and private schools (or school
boards) may autonomously decide how and, to a large extent, when to teach the
core objectives of the Dutch curriculum based on their religious, philosophical,
or pedagogical views and principles.

The Minister of Education, Culture, and Science is primarily responsible
for the structure of the education system, school funding, school inspection,
the quality of national examinations, and student support.> The administration
and management of schools is decentralized and is carried out by individual
school boards. Specifically, these boards are responsible for the implementation
of the curriculum, personnel policy, student admission, and financial policy. A
board can be responsible for one school or for a number of schools. The board
for public schools consists of representatives of the municipality. The board for
private schools often is formed by an association or foundation. However, both
school types are funded by the central government and, to some extent, by the
municipalities.

Two-thirds of schools at the primary level are privately run. The majority
of private schools are Roman Catholic or Protestant, but there also are other
religious schools and schools based on philosophical principles. The pedagogical
approach of a small number of schools is based on the ideas of educational
reformers such as Maria Montessori, Helen Parkhurst, Peter Petersen, Célestin
Freinet, and Rudolf Steiner.

The Dutch Inspectorate for Education makes visits at least once every
four years to ascertain whether schools, both public and private, provide the
expected quality of education.® Schools not meeting quality standards are visited
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more frequently. The inspectorate can apply sanctions to very low performing
schools, however, the final decision about whether or not a school should be
closed is made by the Minister of Education, Culture, and Science. The findings
from school inspection visits are reported back to the individual schools, the
government, and the public.

In the Netherlands, the same school offers preprimary and primary
education. Most children begin preprimary education at age four, though the
first year is not compulsory. Preprimary education (Kindergarten) lasts two
years and has both a social and an academic function, although the basics of
reading, writing, and mathematics usually are taught beginning in the first year
of primary education. Together, preprimary and primary education consists of
eight grades, so the majority of children are twelve years old when they begin
secondary education.

Compulsory education begins the first day after the month of child’s fifth
birthday and either concludes at the end of the school year of the student’s
sixteenth birthday when he or she obtains an upper secondary education
(ISCED level 3) diploma, or concludes at the end of the school year of the
student’s eighteenth birthday.

Most secondary schools in the Netherlands offer more than one track. After
two years of basic education in secondary school (Grades 7 and 8), students
enroll in one of the following three tracks:
¢ Pre-vocational Secondary Education—This track lasts two additional

years and offers four learning pathways: basic vocational; middle

management vocational; combined vocational and theoretical; and
theoretical. After completing pre-vocational secondary education,
students may continue on to one of two secondary programs: vocational
secondary education, or senior general secondary education.

¢ Senior General Secondary Education—This track lasts three additional
years and offers general secondary education in four different programs:
science and technology, science and health, culture and society, and
economics and society. Upon completion of a program, students can
continue on to an additional, pre-university secondary education
program or to higher education in a higher vocational education
program.

¢ Pre-university Secondary Education—This track lasts four additional
years and offers the same four programs as senior general secondary
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education. Upon completion, students may continue to higher education
in a three-year bachelor’s degree program.

Tertiary, or higher education, is divided into two programs: higher
vocational education programs, and bachelor’s degree programs. Higher
vocational education programs lead to a four-year bachelor’s degree. Bachelor’s
degree programs lead to a three-year degree, after which a master’s degree can
be earned in an additional one to three years.

The Platform Béta Techniek is an important initiative that encourages
students to pursue a mathematics- or science-related career, and involves
schools, universities, businesses, ministries, municipalities, and regions.®
Commissioned by the government in 2004, the initiative’s main goal has been to
increase the number of students who participate and finish higher (vocational)
education in science or technology. The success of the initiative has resulted in a
continuation and extension of the program. From 2011 until 2016, the program
will focus on firmly embedding science and technology into teacher education,
encouraging 55 percent of students in senior general secondary education and
pre-university secondary education and 40 percent of students in pre-vocational
secondary education to choose a science track, and increasing the quality of
teaching in primary and secondary education.’

An example of a project of the Platform Béta Techniek is VTB-Pro, a
program targeting primary school teachers. In this program, additional training
in science and technology in an attractive, real-life context is provided to a total
of 10,000 primary school teachers and students at teacher training colleges.
The program’s ultimate goal is to influence teachers’ attitudes towards science
and technology as well as to make science and technology education more
attractive to primary school students and increase students, especially girls,
self-confidence in these subjects.

Languages of Instruction
Dutch is the first official language in the Netherlands. Frisian, the second official
language, is spoken by more than 350,000 people in the northern province of
Friesland.” Dutch is the first language of instruction in schools, although Frisian
or a regional dialect may be taught alongside Dutch. A minority of secondary
schools offer Frisian as an optional final examination subject.

Approximately 11 percent of the general population and 15 percent of
students in secondary education belong to a non-western ethnic minority.® By
definition, a student belongs to a non-western ethnic minority if one parent
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was born in Turkey, Africa, Latin America, or Asia (excluding Indonesia and
Japan). These students, compared with native students and nonnative students
from western countries, are overrepresented in the lowest track of secondary
education (pre-vocational secondary education).’

Mathematics Curriculum in Primary and
Lower Secondary Grades

The mathematics curriculum for primary school is described in eleven core
objectives. During primary school, students should become familiar with
mathematical basics offered in a recognizable and meaningful context. Primary
school students will gradually acquire familiarity with numbers, measurements,
and two- and three-dimensional geometric shapes and solids, as well as the
relationships and calculations that apply to them. Students will learn to use
mathematical language while gaining mathematical literacy and calculation
skills.1? By the end of primary school, students should be able to do the
following:

¢ Use mathematical language;

¢ Solve practical and formal mathematics problems and clearly
demonstrate the solution process;

¢ Identify different approaches for solving mathematics problems and
learn to assess the reasonableness of solutions;

¢ Understand the general structure and interrelationship of quantities,
whole numbers, decimal numbers, percentages, and proportions, and
use these to do arithmetic in practical situations;

¢ Quickly carry out basic arithmetic calculations mentally, using whole
numbers through 100, and learn the multiplication tables;

¢ Count and calculate by estimation;

¢ Add, subtract, multiply, and divide by taking advantage of number
properties;

¢ Add, subtract, multiply, and divide on paper;
¢ Use a calculator with insight;
¢ Solve simple geometrical problems; and

¢ Measure and calculate using units of time, money, length, area, volume,
weight, speed, and temperature.
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For the first two years of secondary school, the mathematics curriculum

is described in nine core objectives.!! By the end of these two years (the end of

Grade 8) of mathematics education, students should be able to do the following:

¢

Use appropriate mathematical language to organize mathematical
thinking, explain things to others, and understand explanations in the
context of mathematics;

Learn, individually and in collaboration with others, to recognize and
use mathematics to solve problems in practical situations;

Establish a mathematical argument and distinguish it from opinions and
allegations, thereby learning to give and receive mathematical criticism
with respect for other ways of thinking;

Recognize the structure and coherence of the systems of positive

and negative numbers, decimal numbers, fractions, percentages, and
proportions, and thereby learn to work with these systems meaningfully
in practical situations;

Make exact calculations, provide estimates, and demonstrate an
understanding of accuracy, order of magnitude, and margin of error
appropriate in a given situation;

Make measurements, recognize the structure and coherence of

the metric system, and calculate with measurements in common
applications;

Use informal notations, schematic representations, tables, diagrams, and

formulas to understand connections between quantities and variables;

Work with two- and three-dimensional shapes and solids, make and
interpret representations of these objects, and calculate and reason using
their properties; and

Learn to systematically describe, order, and visualize data and to
critically judge data, representations, and conclusions.

Science Curriculum in Primary and
Lower Secondary Grades

In primary education, science is taught within the Personal and World

Orientation content area. The curriculum in this area is organized to teach

students to “orientate on themselves, on how people relate to each other, how

they solve problems, and how they give meaning to their existence.”!? The
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educational content of personal and world orientation is presented coherently,
and content from other learning areas is applied as much as possible. The
seven core objectives for nature and technology, and the science subcategory
of Personal and World Orientation, lead students to be able to do the following:

¢ Distinguish, name, and describe the roles and functions of common
plants and animals;

¢ Describe the structures of plants, animals, and humans and the form and
function of their parts;

¢ Research material and physical phenomena, including light, sound,
electricity, power, magnetism, and temperature;

¢ Describe weather and climate in terms of temperature, precipitation, and
wind;

¢  Find connections between form, material composition, and function of
common products;

¢ Design, implement, and evaluate solutions to technical problems; and

¢ Describe the positions and motions of the Earth-sun system that cause
the seasons as well as night and day.

In secondary school, the first year of science is taught as part of the core
objectives of the Man and Nature content area and comprises eight objectives.!?
By the end of the first year (the end of Grade 7) of secondary school science,

students should be able to do the following:

¢ Transform questions arising from topics pertaining to the sciences,
technology, and human health and welfare into research questions; and
carry out an investigation on a scientific topic, and present the results;

¢ Acquire knowledge about and insight into key concepts of living and
nonliving things and connect these key concepts with situations from
everyday life;

¢ Describe how people, animals, and plants are related to each other and
the environment, and how technological and scientific applications can
have permanent positive or negative influences on these living systems;

¢ Acquire knowledge about and insight into the nature of living and
nonliving things, as well as their relation to the environment, through
experimentation;
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¢ Work with theories and models by investigating chemistry and physical
science phenomena, such as electricity, sound, light, movement, energy,
and matter;

¢ Acquire knowledge about technical products and systems through
investigation, estimate the value of this knowledge, and design and
construct a technical product;

¢ Understand the essential structures and functions of human body
systems, establish connections between these systems and the promotion
of physical and psychological health, and take responsibility for one’s
own health; and

¢ Care for oneself, others, and one’s environment, and positively influence
one’s own safety and the safety of others.

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories

Schools are free to choose the instructional materials they use with no
government prescription. Several varieties of commercially developed
instructional materials and teaching methods are available for schools, though
some schools develop their own materials. The Dutch Institute for Curriculum
Development advises schools about the appropriateness of available instructional
materials and teaching methods for the Dutch curriculum. Primary schools
usually do not have science labs, but most secondary schools do.

Use of Technology
Since 1997, the implementation of information and communication technology
(ICT) in education has been an important component of the governments’
educational policy.'* Almost every school uses computers for educational
purposes. There is approximately one computer available for every five students
in the Netherlands, and virtually all computers have Internet access.!® Sixty
to ninety percent of primary and secondary teachers use computers in their
teaching.!® The use of smartboards also is widespread in both primary (on
average, one in every two classrooms) and secondary schools (on average, one
in every six classrooms).

Knowledge Net (Kennisnet) is the main public support organization
for educational ICT use in primary, secondary, and adult education in the

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA

al), |nternational Study Center

Lynch School of Education, Boston College NETHERLANDS

625



Netherlands and is supported by the government. The mission of Knowledge
Net is “to support and inspire educational organizations with independent

expertise and services regarding the effective use of ICT” 17

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

In primary education, mathematics and science are usually not taught by
specialized subject teachers. A primary school teacher is trained to teach all
subjects (except physical education) and all grades of preprimary and primary
education. In secondary education, all teachers are subject-specific teachers. As
a consequence, different types of colleges provide education for primary and
secondary education teachers.

Homework Policies

Schools can decide homework policies individually. Although students in
primary education are not expected to do homework, some primary schools
give students homework to prepare them for homework in secondary education.
In secondary education, homework is very common, but the assignments vary
significantly among schools and teachers.

Teachers and Teacher Education

Candidates must earn a diploma from one of the Netherlands’ primary school
teacher education colleges to qualify to work as a primary school teacher.!8
Primary school teacher education usually takes four years to complete. Primary
school teacher training is provided at the higher vocational education programs
level. Students with a diploma at the highest level from pre-university secondary
education, senior general secondary education, or vocational secondary
education also can apply to these programs. Each primary school teacher is
allowed to teach all grades and all subjects in primary education, with the
exception of physical education.

Since 2006, students starting at a teacher education college have been tested
on their Dutch language and mathematics skills in order to guarantee standards
of competence.'’ If students fail the test, they have one school year to improve
their language and mathematics skills. If such students are not capable of passing
the test by the end of the year, they cannot continue to the next year.

From the first year of teacher education, students receive practical work
experience through regular teaching practice in primary schools. About
a quarter of teacher training is devoted to instructional practice. Halfway
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through teacher education, students can choose to specialize in lower primary
(Kindergarten to Grade 2) or upper primary (Grades 3-6).

Secondary school teachers are subject teachers.?’ Most of these teachers
are trained in one subject as well as general teaching at teacher training colleges
for secondary education. These teacher education colleges admit students with
a diploma at the highest level from pre-university secondary education, senior
general secondary education, or vocational secondary education. In the final
year of their program, students receive practical work experience during a
combined period of work and study at secondary schools. With a bachelor’s
diploma from a teacher training college, a teacher qualifies as a Grade 2 teacher
and is allowed to teach the lower grades (Grades 7, 8, and 9) of senior general
secondary education and pre-university secondary education and all grades
of pre-vocational and vocational secondary education. Teachers qualified as
“Grade 1 Teachers” often have a university degree (e.g., a master’s degree in
mathematics) with an additional master’s degree in general teaching. A “Grade 1
Teacher” can teach all grades in all tracks in secondary education.

Requirements for Ongoing Professional Development

A variety of courses and other voluntary professional development activities are
available for both primary and secondary school teachers. Teacher professional
development courses are offered by teacher training colleges, universities or
(commercial) institutes, as well as organizations offering educational advice and
support. Furthermore, teachers can participate in subject-related workshops or
conferences. Many general and subject-specific digital journals, magazines, and
newsletters also are available for teachers.

Monitoring Student Progress in Mathematics and Science

In addition to autonomously deciding how and, to a large extent, when to teach
the core objectives of the Dutch curriculum, schools may decide when to assess
students. Schools often use “curriculum-embedded” tests that match the subject
matter provided in the textbooks that are being used to teach various subjects.

During primary education, there are no national examinations. At the end
of primary school, however, the vast majority of schools use multiple-choice
tests developed by Cito (the National Institute for Educational Measurement).
Cito tests measure academic skills in four areas: language, arithmetic and
mathematics, study skills (e.g., using different sources of information,
schedules, and tables), and world orientation (e.g., knowledge of history,
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science, and geography).?! The results of these (or similar) tests, along with the
recommendations from classroom teachers, are used to determine the most
appropriate secondary school track for each student.

The end of primary school examination also is part of a student monitoring
system called the Student Tracking System (Leerling-en onderwijs volgsysteem,
or LOVS), which is used to assess the competence of students in Grades 1-8.
LOVS allows teachers and schools to monitor and improve the development of
individual students, as well as entire classes, throughout primary education and
the first two years of secondary education. This system, developed by Cito, also
is used by the Dutch education inspectorate to assess the quality of education
in each school.

Secondary education concludes with national examinations in each
subject during the last month (usually around May) of the final year of
education (Grades 10, 11, or 12, depending on the track). The content of these
examinations depends on the track and the program of the student. Cito also
has developed a student monitoring system for the first three years of secondary
education, called VAS, under which students are tested regularly. This system
includes an instrument called Studeon that is used for measuring the social-
emotional development and learning motivation of students.

Student grade promotion policies are determined by individual schools
and are described in the School Guide. The Ministry of Education, Culture,
and Science discourages retention, because it is assumed that retention will

decrease student motivation and not necessarily address the student’s learning
difficulties.??

Impact and Use of TIMSS

After participating in both IEA’ First and Second International Mathematics
Studies and the First and Second International Science Studies, the Netherlands
has participated in all TIMSS studies conducted to date: in 1995, Dutch students
participated in Grades 3-4, Grades 7-8, and in the final year of secondary
education; in 1999, students participated in Grade 8; in 2003, students
participated in both Grades 4 and 8; and in 2007, students participated in Grade 4.
The Netherlands also participated in TIMSS Advanced 2008 (Grade 12).

The Dutch government aims to be among the top five knowledge
economies of the world. High quality education and well-educated students,
especially in mathematics and science, are necessary to achieve this. Until 2003,
the Netherlands performed very well in TIMSS, especially in mathematics (one
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of the top ten countries). However, the TIMSS 2007 results showed a slight
but significant decline in mathematics performance at Grade 4, compared to
TIMSS 1995. The results of PISA 2009 for secondary education were consistent
with the TIMSS results in Grade 4. As a result, these results have supported
governmental initiatives and projects to increase student performance in
mathematics.?

A growing concern about Dutch children’s mathematical proficiency also
has led to a public debate in recent years about the way mathematics is taught in
the Netherlands. There are two opposing camps: those who advocate teaching
mathematics in the “traditional” manner, and those who support “realistic
mathematics education” 2* The results from TIMSS 2007 have been used as
arguments for both sides in the debate. However, in the last two decades, most
primary schools have implemented mathematics methods based on realistic
mathematics education.

At the primary school level, TIMSS results have not generated the same

level of conversation among science educators.
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Intfroduction

Overview of the Education System

New Zealand has a decentralized system, with each school having the authority
for its day-to-day operations and financial management. Legal responsibility
for governing schools is assigned to boards of trustees, comprised of elected
parent and community volunteers, the school principal, a staft representative,
and, in secondary schools only, a student representative. Boards of trustees must
establish a charter for their school and work within the framework of guidelines,
requirements, and funding arrangements set by the central government,
in accordance with the National Education Guidelines and the Education
Act 1989.1

Government agencies that play pivotal roles in establishing national policy
and quality assurance across New Zealand’s education system are the following:
the Ministry of Education, the Tertiary Education Commission,?* the Education
Review Office, and the New Zealand Qualifications Authority.® Three of these
bodies have responsibilities directly related to the curriculum: the Ministry of
Education, the Education Review Office, and, to a lesser extent, the New Zealand
Qualifications Authority.?

The Ministry of Education (the Ministry) is the government’s lead agency
for the education system, giving direction for other agencies and education
providers. The Ministry has responsibility for developing national curriculum
materials and providing operating guidelines for educational institutions. One of
the main functions of the Ministry is to provide policy advice to the government
and to oversee implementation of approved education policies. It also collects
and processes education statistics and information, and monitors the education
system’s effectiveness. The Ministry allocates funds and resources to education
institutions and professional development programs and it manages a large
property portfolio.

a The Tertiary Education Commission is not discussed further because its role is outside the schooling sector.

Three other bodies have major roles in education in New Zealand. Careers New Zealand Rapuara assists with the
transition from education to work. It has a role to train career advisors. In addition, Education New Zealand is the Crown
Agency responsible for New Zealand’s international education promotion and representation worldwide. The New
Zealand Teachers Council is the third body and is described later in this article in the section on teacher education.
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The Education Review Office evaluates the quality of education provided
within each early childhood center and school. Within each school, the
evaluation indicators used during the review focus on all aspects of the school
including student engagement and learning progress, staff and community
engagement, leadership and governance, and statutory compliance. The
reviewers look for evidence of a high quality self-review process that ensures
the school community concentrates on improvement. However the overarching
focus of a review is the effectiveness of the school’s curriculum in promoting
student learning.’?

The New Zealand Qualifications Authority oversees and coordinates
all national qualifications (e.g., secondary, academic, professional and trade
qualifications, and certificates). Within the school system, the authority manages
the assessment and reporting systems for New Zealand’s national senior
secondary school qualifications.

While the Ministry has the responsibility for developing national
curriculum statements, individual schools and teachers decide how the
curriculum is implemented, with oversight from boards of trustees. The
Education Review Office monitors the implementation of the curriculum and
publishes these findings.

Structure of the Education System
Exhibit 1 illustrates the structure of the early childhood and schooling sectors
in New Zealand. Early childhood education in New Zealand is available from
birth to age 6 and includes a wide range of early childhood services. Free early
childhood education is currently available for up to 20 hours per week.>* While
not compulsory, the majority of children attend teacher- or parent-led early
education services before starting primary school.%>

Teacher-led services include kindergartens, education and care services,
and home-based services. Parent-led services include kohanga reo, playcenters,
and playgroups. Kohanga reo, meaning “language nest,” is a family- and parent-
led service designed to immerse children from birth until school age in Maori
language, culture, and values. Playcenters are licensed parent-led services
based on the philosophy of child-initiated play and parents as first educators.
Playgroups are certificated parent-led services and are often less formal than

¢ In 2010, children (ages 0-5) were enrolled for 20.1 hours per week, on average, in early childhood education services.

d Ninety-five percent of children who began school in the year prior to July 2010 participated in a licensed early childhood
service immediately prior to beginning formal education.
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the other services. A number of playgroups offer bilingual and total immersion
programs in Maori and Pacific Islands languages.©

Early childhood services in New Zealand regard themselves as partners
with families in the socialization, care, and education of children. The primary
learning environment of early childhood education is a cultural and social
setting rather than an academic setting. The principles of Te Whariki, the Early
Childhood Curriculum,® include the following:

¢ The empowerment of children to learn and grow;

¢ The development of children holistically (i.e., cognitively, socially,
physically, emotionally, and spiritually);

¢ The importance of family and the community in children’s development;
and

¢ The importance of responsive and reciprocal relationships with people,
places, and things in the development of children.

Exhibit 1: Structure of New Zealand’s Early Childhood Education and Schooling Sectors’

Year
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Age
56 Teacher-led Services Parent-led Services
Kindergartens Education and Home-based Te Kohanga Nga Puna Pacific Islands

I care services services Playcenters Reo Kohungahunga | language groups Playgroups
0

Formal education is compulsory from ages 6 to 16. Although the
compulsory starting age is six, the vast majority of children start school on or
soon after their fifth birthday. While the majority of students complete their
schooling within 13 years, a smaller number continue to study in the school

e Inteacher-led services, 50% of adults educating and caring for children must be qualified, registered ECE teachers or, in
the case of home-based education and care services, supported by coordinators who are registered ECE teachers. Parent-
led services are licensed (or certificated) and involve parents and family/caregivers as the educators and caregivers of
their children. Playcenters train parents as educators and supervisors (usually more than one per session) must have
combined training over a specific level in order to run a session.
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system for another one to two years.t 8 Each school has autonomy over how the
curriculum is implemented and there is no tracking of students into academic
or vocational streams or schools in New Zealand.

The schooling sector is loosely divided into two parts: primary education
for students in Years 1-8, and secondary education for students in Years 9-13.
However, the lines between primary and secondary are somewhat blurred within
some schools that cater to both primary and secondary students; for example,
area schools cater to students from Years 1-13. Note that the various types of
primary and secondary schools shown in Exhibit 1 do not necessarily differ in
the course of study offered but rather reflect the age range of children accepted
(e.g., a full primary school covers Years 1-8 while a contributing primary school
only covers up to Year 6).

Wherever possible, students with special education needs are catered to in
their local school. Children and young people attending their local school who
are assessed as having very high, high, or moderate support needs, are provided
with additional support. Special education schools are provided for students
who are unable to be accommodated within the mainstream schooling system.’

In primary schools, more emphasis is placed on reading, writing, and
mathematics than science. Specifically, the main area of focus is on early
foundations with an emphasis on literacy and numeracy, in particular for Maori,
Pasifika, and students with special education needs.!? Schools are instructed
through the National Administration Guidelines to give priority to student
achievement in literacy and numeracy especially in Years 1-8.!1

Languages of Instruction
New Zealand has three official languages: Maori (the indigenous language),
English (by virtue of its widespread use), and New Zealand Sign Language.8
Maori, a taonga (treasure) recognized under the Treaty of Waitangi® and an
official language since 1987, is a Malayo-Polynesian language closely related to
the languages spoken in Tahiti, Hawaii, Rarotonga, and French Polynesia.!? New
Zealand Sign Language became the country’s third official language in 2006.
Other languages commonly spoken in New Zealand include Samoan, Tongan,
Cantonese, Mandarin, and Hindi.!>

While most teaching and learning in New Zealand schools is in English,
an important feature of the education system is Maori language education,

f  Students in the system for more than 13 years will be repeating a year level at some stage of their education.

g Only Maori and New Zealand Sign Language have been given official status under acts of Parliament; this is not the case
for English.

h  The Treaty of Waitangi is New Zealand's founding document. It takes its name from the place in New Zealand where it was
first signed, on February 6, 1840. The Treaty is an agreement, in Maori and English, made between the British Crown and
about 540 tribal chiefs.
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with students participating in Maori language classes in English-medium
or Maori-medium schools.!® Just under 4 percent of students were enrolled
in bilingual or full immersion Maori-medium instruction in 2010.! For the
majority of students learning in Maori-medium settings, Maori is their second
language while English is their first. In 2010, less than 1 percent of primary and
secondary students received some instruction in a Pacific Islands language, most
often Samoan. 16
The New Zealand population is becoming increasingly ethnically diverse.* 17
The Ministry provides additional funding for schools to meet the needs of
students from non-English-speaking backgrounds who are learning English as
a second language. Most schools include students from non-English-speaking
backgrounds in general classes and make arrangements, such as a teacher aide
or individual lessons with a specialist teacher, for students needing additional
help. In some schools, however, entire classes of students have English-language
learning needs.

The New Zealand Curriculum in Primary and
Lower Secondary Schools

The national curriculum guides teaching and learning in New Zealand. It is
comprised of two documents: one for English-medium education, The New
Zealand Curriculum, and one for Maori-medium education, Te Marautanga
o Aotearoa. The English-medium document was introduced in late 2007 with
full implementation expected in 2010. The Maori-medium document was
introduced a year later, in late 2008, with full implementation expected in 2011.!
The two documents have been developed independently and are not translations
of each other. They both have the same goals—an “emphasis on foundation
learning and academic success for all students and the competencies needed
for study, work, and lifelong learning” '® While the aims and objectives are
not designed to be parallel, the two documents have many similarities due to
similar learning goals for the whole of schooling and the understanding of

learning progressions.

i Note that this 3.6% comprises 1.5% (of all New Zealand students) in full immersion programs (more than 80% instruction
in Maori), 1.2% funded bilingual (31% to 80% instruction in Maori) and 0.8% with only 12% to 30% instruction in Maori. To
be funded as Maori-medium, schools need to offer at least 30% of teaching in Maori.

j  Thatis, 0.2% of New Zealand students received some instruction in a Pacific Islands language.

k  The majority of New Zealanders identified themselves in the 2006 census as European (68%), with the second largest
ethnic group being Maori (15%). Both Asian (9%) and Pacific peoples (7%) are increasing as a proportion of the New
Zealand population. A small percentage of people identified themselves as Middle Eastern, Latin American, or African
(1%). Although not an ethnic identity per se, approximately 1 in every 10 people identified themselves specifically as
“New Zealanders” (11%). Note that percentages do not add to 100 because 10% of people identified with more than one
of these groupings.

| Prior to 2007, the national curriculum comprised a framework and separate documents for each learning area. This
new curriculum brings together all the learning areas into one document (that is one document for each of Maori- and
English-medium schooling).
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The English-medium document covers eight learning areas, two of which
are Mathematics and Statistics and Science.!® Similarly, the Maori-medium
document covers nine learning areas, two of which are Mathematics (which
includes statistics) and Science.?’ The learning areas differ only with respect
to language: the English-medium document has two language learning areas,
while the Maori-medium document has three.™ Within each learning area, for
both documents, there are eight curriculum levels designed to cover the 13 years
of schooling. The alignment of curriculum levels with Year levels is flexible
with each curriculum level in primary schooling, equating to approximately
two or three years of schooling. Across secondary schooling, curriculum levels
are approximately equivalent to one year of schooling. Teachers are expected
to tailor lessons to meet students’ individual needs. Thus, students in the same
year level may be working at different curriculum levels as appropriate to their
abilities and pace of progression.”

Within the mathematics learning area, the Maori-medium document
has three strands: Number and Algebra, Measurement and Geometry, and
Statistics. The English-medium document has these same three strands and a
similar structure.

In addition to the national curriculum, there are National Standards for
mathematics for students in Years 1-8. These standards detail expectations of
skills and knowledge to be demonstrated by the end of each school year. National
Standards in reading, writing, and mathematics were first implemented in 2010
for English-medium education?! and in 2011 for Maori-medium education.??
These dates coincide with the dates of full implementation of the respective
curriculum documents.

Within the science learning area, the Maori-medium document has
four strands: the Natural World, the Physical World, the Material World, and
Philosophy and History of Science. The Natural World strand includes topics
on the organism, the biological environment, Earth science, and astronomy.
The English-medium document has these same natural world concepts under
two strands: the Living World, and Planet Earth and Beyond. The Physical and
Material World strands under both documents contain similar physics and
chemistry topics, respectively. The Nature of Science strand in the English-
medium document is similar to the Philosophy and History of Science strand
in the Maori-medium document.

m  Both curricula have English and Learning Languages as specific learning areas. The Maori-medium curriculum begins with
the Maori language (te reo Mdori) as its initial language learning area.

n For example, TIMSS 2007 showed that across Year 5 students some were working mostly at Level 2 of the curriculum,
some were working mostly at Level 3, some were working across levels, and a small proportion were working at Levels 1
or 4. Note that teachers provided this data based on the majority of students in their class for mathematics and science
strands separately.
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Grades Assessed in TIMSS and Relation to the Curriculum

In New Zealand, the fourth year of formal schooling is Year 4. However, the
average age of children in Year 4 is nine years old, which is lower than the
required average age to participate in TIMSS (9.5 years). Therefore Year 5
students were assessed in TIMSS in New Zealand. Most students in Year 5
are expected to be working at early Level 3 of the curriculum. Students from
Years 4, 6, and 7 may also be working at this level of the curriculum for some
or all topics.

Similarly, the eighth year of formal schooling is Year 8. However, the
average age of children in Year 8 is 13 years old, which is lower than the required
average age to participate in TIMSS (13.5 years). Therefore Year 9 students were
assessed in TIMSS in New Zealand. In Year 9 most students are expected to be
working at early Level 5 of the curriculum. Students from Years 8 and 10 may
also be working at this level of the curriculum for some or all topics.

Mathematics Curriculum in Primary and
Lower Secondary Grades

New Zealand has only assessed students in English-medium settings in TIMSS,
therefore the following summary details Level 3 of the English-medium
document, with additional details provided by the National Standards.® The
majority of students should have been introduced to or taught each of the
following topics or skills by the end of Year 5:

¢ Number and Algebra—Use a range of additive and simple multiplicative
strategies with whole numbers, fractions, decimals (simple), and
percentages; know basic multiplication and division facts; know
counting sequences for whole numbers; know how many ones, tens,
hundreds, and thousands are in whole numbers; know fractions and
percentages in everyday use; record and interpret additive and simple
multiplicative strategies using words, diagrams, and symbols, with an
understanding of equality; generalize the properties of addition and
subtraction with whole numbers; and connect members of sequential
patterns with their ordinal position and use tables, graphs, and diagrams
to find relationships between successive elements of number and
spatial patterns.

¢ Geometry and Measurement—Use linear scales and whole numbers of
metric units for length, area, volume and capacity, weight (mass), angle,
temperature, and time; find areas of rectangles and volumes of cuboids

o Experiences with TIMSS 2003, when Maori-medium schools were included, demonstrated that the mathematical and
scientific vocabulary was too problematic at the Year 5 level. Given that many of these students were learning Maori as
their second language, this difficulty with technical words is perhaps not surprising.
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by applying multiplication; classify plane shapes and prisms by their
spatial features; represent objects with drawings and models (simple
nets and plans); use a coordinate system or the language of direction
and distance to specify locations and describe paths; and describe
transformations (reflection, rotation, translation, or enlargement) that
have mapped one object onto another.

¢ Statistics—Gather, sort, and display multivariate categorical and
whole-number data and simple time-series data to answer questions;
identify patterns and trends in context, within, and between data sets;
communicate findings using data displays; evaluate the effectiveness
of different data displays; and investigate simple situations involving
elements of chance by comparing experimental results with expectations
from models of all outcomes, acknowledging that samples vary.

The following summary details Level 5 of the English-medium document.P
Note that there are no National Standards for mathematics for Year 9 students.
The majority of students should have been introduced to or taught each of the
following topics or skills by the end of Year 9:

¢ Number and Algebra—Reason with linear proportions; use prime
numbers, common factors and multiples, and powers (including square
roots); understand operations on fractions, decimals, percentages,
and integers; use rates and ratios; know commonly used fraction,
decimal, and percentage conversions; know and apply standard form,
significant figures, rounding, and decimal place value; form and solve
linear equations; generalize the properties of operations with fractional
numbers and integers; and relate tables, graphs, and equations to linear
relationships found in number and spatial patterns.

¢  Geometry and Measurement—Select and use appropriate metric units
for length, area, volume and capacity, weight (mass), temperature, angle,
and time, with awareness that measurements are approximate; convert
between metric units using decimals; deduce and use formulae to find
perimeters and areas of polygons and volumes of prisms; find perimeters
and areas of circles and composite shapes; deduce angle properties of
intersecting and parallel lines and angle properties of polygons and
apply these properties; create accurate nets for simple polyhedra and
connect three-dimensional solids with different two-dimensional
representations; construct and describe simple loci; interpret points and
lines on coordinate planes, including scales and bearings on maps; define
and use transformations and describe the invariant properties of figures

p Atthe Year 9 level, there are too few students in immersion mathematics and science courses to include in TIMSS.

TIMSS & PIRLS

B, International Study Center

Lynch School of Education, Boston College

TIMSS 2011 ENCYCLOPEDIA
NEW ZEALAND




and objects under these transformations; and apply trigonometric ratios
and the Pythagorean theorem in two dimensions.

¢ Statistics—Determine appropriate variables and measures; consider
sources of variation; gather and clean data; use multiple displays,
and re-categorize data to find patterns, variations, relationships, and
trends in multivariate data sets; compare sample distributions visually,
using measures of center, spread, and proportion; present a report
of findings; evaluate statistical investigations or probability activities
undertaken by others, including data collection methods, choice of
measures, and validity of findings; compare and describe the variation
between theoretical and experimental distributions in situations
involving elements of chance; and calculate probabilities, using fractions,
percentages, and ratios.

Science Curriculum in Primary and
Lower Secondary Grades

New Zealand has only included English-medium schools in TIMSS, so the
following summary details Level 3 of the English-medium document.9 The
majority of students should have been introduced to or taught each of the
following topics or skills by the end of Year 5:

¢ Nature of Science—Students will do the following: appreciate science
as a way of explaining the world and that science knowledge changes
over time; identify ways scientists collaborate and provide evidence
supporting their ideas; build on prior experiences, working together
to share and examine their own and others” knowledge; ask questions,
find evidence, explore simple models, and carry out appropriate
investigations to develop simple explanations; begin to use a range of
scientific symbols, conventions, and vocabulary; engage with a range of
science texts and begin to question the purposes for which these texts
are constructed; use their growing science knowledge when considering
issues of personal concern; and explore various aspects of an issue and
make decisions about possible actions.

¢ Living World—Students will do the following: recognize that there
are life processes common to all living things, and that these occur in
different ways; explain how living things are suited to their particular
habitats and how they respond to environmental changes, both natural
and human-induced; begin to group plants, animals, and other living

g There are no National Standards for science. Also, experiences with TIMSS 2003, when Maori-medium schools were
included, demonstrated that the mathematical and scientific vocabulary was too problematic at the Year 5 level. Given
that many of these students were learning Maori as their second language, this difficulty with technical words is perhaps
not surprising.
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things into science-based classifications; and explore how groups of
living things in the world have changed over long periods of time and
appreciate that some living things in New Zealand are quite different
from those in other areas of the world.

¢ Planet Earth and Beyond—Students will do the following: appreciate
that water, air, rocks and soil, and life forms make up our planet, and
recognize these as Earth’s resources; investigate the water cycle and its
effect on climate, landforms, and life; and investigate the components
of the solar system, developing an appreciation of the distances
between them.

¢ Physical World—Students will do the following: explore, describe,
and represent patterns and trends for everyday examples of physical
phenomena, such as movement, forces, electricity and magnetism, light,
sound, waves, and heat. For example, identify and describe the effect of
forces (contact and non-contact) on the motion of objects; and identify
and describe everyday examples of sources of energy, forms of energy,
and energy transformations.

¢ Material World—Students will do the following: group a range of
materials in different ways, based on observations and measurements
of characteristic chemical and physical properties; compare chemical
and physical changes; and relate observed, characteristic chemical and
physical properties of a range of different materials to technological uses
and natural processes.

The following summary details Level 5 of the English-medium document.”
The majority of students should have been introduced to or taught each of the
following topics or skills by the end of Year 9:

¢ Nature of Science—Students will do the following: understand that
scientists’ investigations are informed by current scientific theories,
and aim to collect evidence to be interpreted through processes of
logical argument; develop and carry out more complex investigations,
including using models; show an increasing awareness of the complexity
of working scientifically, including recognition of multiple variables;
begin to evaluate the suitability of the investigative methods chosen;
use a wider range of science vocabulary, symbols, and conventions;
apply their understandings of science to evaluate both popular and
scientific texts (including visual and numerical literacy); and develop an
understanding of socio-scientific issues by gathering relevant scientific

r There are no National Standards for science. Also, at the Year 9 level, there are too few students in immersion
mathematics and science courses to include in TIMSS.
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information in order to draw evidence-based conclusions and to take
action where appropriate.

¢ Living World—Students will do the following: identify the key
structural features and functions involved in the life processes of plants
and animals; describe the organization of life at the cellular level;
investigate the interdependence of living things (including humans)
in an ecosystem; and describe the basic processes by which genetic
information is passed from one generation to the next.

¢ Planet Earth and Beyond—Students will do the following: investigate the
composition, structure, and features of the geosphere, hydrosphere, and
atmosphere; investigate how heat from the Sun, the Earth, and human
activities is distributed around Earth by the geosphere, hydrosphere, and
atmosphere; and investigate conditions on the planets and their moons,
and the factors affecting them.

¢ Physical World—Students will do the following: identify and describe
the patterns associated with physical phenomena found in simple
everyday situations involving movement, forces, electricity and
magnetism, light, sound, waves, and heat (e.g., identify and describe
energy changes and conservation of energy, simple electrical circuits,
and the effect of contact and non-contact on the motion of objects); and
explore a technological or biological application of physics.

¢ Material World—Students will do the following: investigate the chemical
and physical properties of different groups of substances, (e.g., acids
and bases, fuels, and metals); distinguish between pure substances and
mixtures and between elements and compounds; describe the structure
of atoms of different elements; distinguish between an element and a
compound, and a pure substance and a mixture, at the particle level; and
link the properties of different groups of substances to the way they are
used in society or occur in nature.

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories

There are no mandated materials for mathematics and science instruction in
New Zealand; schools and teachers may choose which written materials they
use in their classrooms. However, the Ministry of Education supplies some
written resources free to schools. The Building Science Concepts*> and the
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Figure it Out** book series are key resources for primary schools in science and
mathematics, respectively. As part of a cross-curricular approach, four of the
Figure it Out books are based on mathematics in science contexts. Additionally,
the Connected® series of student booklets are designed to engage students in
mathematics, science, and technology. These booklets can also be used to teach
reading skills because they contain different kinds of texts, including poetry. All
of these resources suggest learning activities along with the materials needed
to undertake the activities. Learning activities are designed so that they use
materials that are readily available and familiar to students. Additional resources
for schools and students include many textbooks and study guides written by
private individuals.

Other resources include websites, videos, and CD-ROMs to support
learning materials and demonstrate effective classroom practices. For example,
the main Ministry website for supporting mathematics teaching and learning—
nzmaths (http://www.nzmaths.co.nz/)—includes resources and a tool for
planning lessons.?® Similarly, Science Online (http://scienceonline.tki.org.nz/)
is a key resource for New Zealand science teachers.?’

In general, laboratories are only available in secondary schools. Individual
schools make decisions regarding the purchase of instructional materials
and equipment.

Use of Technology

The curriculum document for English-medium settings encourages schools to
explore ways of using information and communication technology to support
effective pedagogy.?® Similarly, the document for Maori-medium settings
supports the use of information and communication technology, stating that
information technology is critical to the current generation and that it is an
effective means of teaching and learning.?

Most New Zealand schools have computers available for use by students
and teachers. In addition, a small minority of schools now require their students
to provide their own laptops or tablets or to lease a laptop from the school
for their schoolwork. A number of websites, including those sponsored by the
Ministry of Education, contain resources suitable for student use. The Ministry
runs a bilingual education portal called Te Kete Ipurangi (the Knowledge
Basket).*® This portal is designed to provide schools, teachers, and students
with resources and information related to the curriculum, assessment, and
school leadership. Down the Back of the Chair, the Ministry’s online catalogue
of teaching and learning resources for schools, is accessed via this portal.
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Graphing calculators have become more widespread, particularly in senior
secondary classes. Interactive whiteboards, also known as SMART™ Boards, are
used in some schools, along with text messaging. Virtual learning environments
are also used by teachers and their students, usually for homework purposes.

Grade at Which Specialist Teachers for
Mathematics and Science are Introduced

Most students have their first specialist teachers for mathematics and science
beginning in Year 9, the first year of secondary education. However a few
students have specialist teachers for these subjects in Years 7 and 8, and where
there are teacher shortages, students may not have a mathematics or science
specialist until Year 11, the first year of external examinations.

Homework Policies

There is no national policy to include homework as part of everyday student
activities in New Zealand. However, an important principle of the curriculum is
community engagement, to involve families and communities in the education
of their young people. Schools, therefore, develop their own policies or
guidelines on homework appropriate to their communities.

Teachers and Teacher Education

Teacher Education Specific to Mathematics and Science

New Zealanders can take a number of paths to become qualified teachers,
through a range of teacher education providers. Universities, wananga (Maori-
based tertiary institutions), and accredited private training establishments offer
initial teacher education programs for early childhood, primary, and secondary
teaching. A number of teacher education providers offer degree programs for
prospective teachers wishing to work in bilingual or Maori immersion settings.*!
Teacher trainees can either earn a bachelor’s degree (in education or a specialist
subject) followed by a Graduate Diploma of Teaching, or complete study that
combines a bachelor’s degree with teacher education. The New Zealand Teachers
Council must approve all teacher education programs.>?

All initial teacher education programs include a compulsory practicum
lasting from 14 weeks for one-year post-graduate teacher education programs
to about 26 weeks for three- or four-year degree programs. The practicum
requires teachers to work under the supervision of experienced teachers in
a range of schools. After graduating, beginning teachers are provisionally
registered and must undergo further supervision for a minimum of two years.
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Schools are required to provide high quality induction and mentoring programs
for any provisionally registered teachers they employ to enable them to gain
full registration.®?

While there are no specific requirements for time spent on particular
learning areas (subjects), initial teacher education programs must be designed
to enable graduates to meet seven Graduating Teacher Standards, implemented
in 2008. These standards state that graduating teachers should have the
following capabilities: know what to teach; know about learners and how they
learn; understand how contextual factors influence teaching and learning; use
professional knowledge to plan for a safe, high quality teaching and learning
environment; use evidence to promote learning; develop positive relationships
with learners and the members of learning communities; and be committed
members of the profession.>*

Specialist secondary mathematics or science teachers are expected to have
completed some tertiary level mathematics or science papers. Mathematics and
the sciences are two of the five subject areas currently experiencing teacher

shortages across the secondary education sector. %

Requirements for Ongoing Professional Development

The New Zealand Teachers Council keeps a register of all qualified teachers and
teacher registration is mandatory for all teachers employed in New Zealand
schools. Upon registration, a teacher receives a practicing certificate, to be
renewed every three years. Teachers must satisfy certain requirements, including
satisfactory completion of work as a teacher endorsed by other staff within
their school, to have their practicing certificate renewed. Specifically, teachers
are expected to comply with the Registered Teacher Criteria.>® One criterion
requires teachers to demonstrate a commitment to ongoing professional learning
and development of personal professional practice. A professional leader must
testify that a teacher has undertaken satisfactory professional development at
each certificate renewal (every three years). Schools are responsible for ensuring
that teachers participate regularly in some form of professional development,
the majority of which occurs in school contexts.

Monitoring Student Progress in Mathematics and Science

The Ministry of Education publishes the National Administration Guidelines
(NAGs), which present statements of desirable principles of conduct for
boards of trustees and school staff.” One of these guidelines states that schools
should gather information that is sufficiently comprehensive to enable the

s English, Maori, and technology are the other three subjects experiencing shortages.

TIMSS 2011 ENCYCLOPEDIA
644 NEW ZEALAND

AER TIMSS & PIRLS
W ) 1 1 1 t
'\“i',, ) nternationa uay Center

Lynch School of Education, Boston College



progress and achievement of students to be evaluated. Priority is placed on
student achievement in literacy and numeracy from Years 1-8, but other
aspects of the curriculum, including science, are expected to be covered.

There is no national testing in New Zealand until Year 11. Prior to this
point, emphasis is placed on the professional judgment of teachers. Teachers
are encouraged to use evidence from a range of assessment practices to monitor
student progress and to diagnose students’ learning needs. New Zealand teachers
usually develop their own assessments to meet the needs of their students.
While teachers have the freedom to write their own test items, there are many
sources of items and tests they can use to compile their assessments. Three
main standardized test sources, including either intact tests or single items, are
available to schools: Assessment Resource Banks, Assessment Tools for Teaching
and Learning, and Progressive Achievement Tests. In addition, exemplars are
provided for the curriculum and the National Standards to illustrate students’
expected outcomes. These pre-prepared tasks and tests use a variety of formats,
including multiple-choice, and written and practical open-ended tasks.

The Assessment Resource Banks, developed by the New Zealand Council
for Educational Research (NZCER), provide items in mathematics and science
from which teachers can choose what to assess, for what purpose, and when.
Also produced by NZCER are two tests for use with students: Progressive
Achievement Tests (mathematics)*® and Science: Thinking with Evidence.*® The
science tests are designed to assess how well students use evidence to consider
scientific contexts and issues. The science tests also allow teachers to identify
specific aspects of students’ thinking in the context of science, but do not attempt
to measure overall science achievement. Diagnostic information is available for
each of these assessment resources to assist teachers in making decisions about
student learning needs.

The Assessment Tools for Teaching and Learning is an educational resource
for assessing literacy and numeracy at Years 4-12.%! Teachers can use this
resource to create 40-minute paper-and-pencil tests designed for their students’
learning needs. Once tests are scored, this tool generates interactive graphic
reports allowing teachers to analyze student achievement against curriculum
levels, curriculum objectives, and population norms.

Schools should use achievement information gathered through assessment
when performing their required self-review of policies, plans, and programs.
Schools are required to report individual achievement to each student and their
parents as well as the achievement of particular student groups and students
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overall to the school’s community. Reports on individual students must include
their progress and achievement in relation to National Standards, must be
presented in writing using plain language, and must be produced at least twice
a year.b 42
A major underlying premise of New Zealand’s education system is that
teachers and schools should meet the educational needs of individual students.*?
Students are promoted socially through the year levels. At the primary level,
the use of classes with students from multiple year levels" (composite classes)
is widespread. As a result of both social promotion and composite classes, there
is often a wide range of abilities in each class. The New Zealand curriculum
recognizes that students are likely to progress at different rates through each
learning area, so teachers are expected to adapt their teaching to student needs.**
Assessment is used in this context for formative purposes—to diagnose students’
learning needs and to help improve teaching and learning.*>

Students usually first experience entry restrictions to secondary school
courses when they begin taking papers for qualifications. The National
Certificates of Educational Achievement (NCEA) are the main national
qualifications for secondary students. NCEA is awarded at three levels, known
as Level 1, 2, and 3. Students usually begin studying for their Level 1 NCEA
in Year 11 and continue through Years 12 and 13. The flexible design of these
qualifications enables students to take any combination of courses across
levels, depending on their abilities and previous attainments. For example,
a Year 13 student could be taking Level 3 arts courses, while also taking
Level 1 or 2 language courses. In each area of learning, different aspects of skills,
knowledge, and understanding can be assessed separately, with assessments
designed to suit the skill or knowledge being assessed.*® A variety of assessment
tools, including presentations, assignments, practical tests, and examinations
are used. Schools also can offer a wide range of specialized National Certificates
that provide either a starting point for further study or simply evidence of a
broad general education. These include, for example, the National Certificate
of Tourism, National Certificate in Computing, and National Certificate of
Motor Engineering.

Impact and Use of TIMSS

Much of the focus on TIMSS results has been on international league tables
and where New Zealand ranks in the world in terms of achievement. The

t  The requirement to report against National Standards is only for reading, writing, and mathematics.

u There are exceptions to social promotion only in very special circumstances. Students will only be held back or promoted
beyond their expected year level on recommendation of the school and on agreement with the parents.
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wealth of contextual data collected in TIMSS, while making much less of an
impact, has also been used to inform the New Zealand mathematics and science
education communities.

New Zealand first participated in TIMSS 1995." The release of the middle
primary results highlighted areas of concern in mathematics and science
education in New Zealand. The publication of these findings coincided with
the implementation of a new curriculum. Difficulties that teachers reported
with implementing the curriculum, combined with the TIMSS results, were
the impetus for the establishment of the Mathematics and Science Taskforce in
August 1997.47 The Taskforce’s recommendations led to a number of initiatives,
such as developing mathematics and science resources for students and teachers,
particularly in primary schools, research seminars to identify key issues in
science and mathematics education, assessment tools for mathematics, and
professional development programs focused on numeracy.

Since 1995, TIMSS has become an important part of monitoring
and research within the New Zealand education system. New Zealand
has participated in all cycles of TIMSS with the exception of the eighth
grade component of TIMSS 2007 (omitted due to funding and operational
constraints). In particular, TIMSS and PIRLS are used as indicators of current
and past achievement and to set aspirational goals for future achievement. In
the most recent Ministry of Education’s Statement of Intent 2011/12-2016/17,
which identifies the strategic direction for the agency, the second priority is as
follows: “Every child achieves literacy and numeracy levels that enable their
success, particularly students in Years 1 to 8. TIMSS will be one of the measures
used to determine progress towards this outcome.*® The international studies
also enable the examination of equity and quality in New Zealand’s educational
provision. For example, TIMSS has contributed to a greater understanding of
achievement and inequitable outcomes for two groups of New Zealand’s student
populations: Maori and Pasifika students.**>°

In order to provide evidence of what works best for a range of diverse
learners, the Ministry’s Iterative Best Evidence Synthesis Programme (BES)
was developed, with the first BES report released in 2003.! BES evaluates and
synthesizes a wide range of New Zealand and international research, including
TIMSS results. TIMSS research has been used in BES reports to inform
educational policy and teacher practice and to suggest educational development
approaches to optimize outcomes for learners.>?

v Because New Zealand is a southern hemisphere country and the school year runs from February to December, we
administered TIMSS 1995 during the last term of 1994. Similarly, TIMSS 2007 was administered during 2006.
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Prior to the release of TIMSS 2007, much of the dialogue around the
TIMSS results focused on mathematics achievement. However, the TIMSS 2007
results, along with those from the National Education Monitoring Project," also
brought attention to science education. The Royal Society of New Zealand, the
New Zealand Association of Primary Science Educators, and the Education
Review Office (ERO) all have taken action to try to address concerns raised
by these two studies. In particular, ERO has undertaken research and written
a report to exemplify good practices in primary science teaching.”® As a result
of ERO’s experiences with this report, the quality of science teaching in upper

primary schools was a focus area for ERO reviews during 2011.>*
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Northern Ireland

Department of Education, Northern Ireland

Intfroduction

Overview of the Education System

Following devolution and the establishment of a local Assembly of Northern
Ireland in 1999, legislative responsibility for education in Northern Ireland was
devolved to the Assembly and to a locally elected Minister for Education. The
Minister was responsible for a budget of £1.8 billion in 2011-12 to deliver high-
quality education to 350,000 students in full-time education and other services,
including early years education and youth services.

The Minister for Education sets policy direction and allocates resources,
sets targets for the education system, and is accountable to the Assembly for
outcomes. The Department of Education (DE) provides the central governance
and management of education in Northern Ireland and is responsible for
ensuring the effective execution of policies relating to the provision of education
and youth services. The Minister’s key priorities include raising educational
standards for all and tackling underachievement wherever it occurs, with a
particular focus on narrowing differences in outcomes between the most and
least socioeconomically advantaged students.

The Minister for Education has a coherent set of policies in place designed
to improve educational outcomes for young people and to address the root
causes when students are not achieving to their full potential. These policies
include the following:

¢ Every School a Good School—A Policy for School Improvement;

¢ Count, Read: Succeed—A Strategy to Improve Outcomes in Literacy and
Numeracy;

¢ The revised curriculum and entitlement framework;
¢ The ending of academic selection;
¢ The Extended and Full Service Schools programs; and

¢ The Special Educational Needs and Early Years strategies (under
development).
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Every School a Good School—A Policy for School Improvement, published
in April 2009, is based on a vision of schools as self-improving communities
of good practice.! School self-evaluation and self-improvement (with support
and, where necessary, challenge) are at the heart of the policy. The belief is that
schools themselves, through honest and open engagement in self-evaluation
and effective use of data available to them, are best positioned to identify and
implement changes that lead to improvements for students. There is a particular
focus on achievement in literacy and numeracy.

Count, Read: Succeed—A Strategy to Improve Outcomes in Literacy and
Numeracy, published in March 2011, aims to support teachers and school leaders
in their work to raise overall levels of attainment in literacy and numeracy
among young people and to narrow the current gaps in educational outcomes.?
The strategy includes milestone and long-term targets for improving outcomes
in literacy and numeracy.

The Education and Training Inspectorate, under the DE, inspects and
reports on the quality of education in preschool, school, and youth settings,
and provides inspection services for other government departments. Inspection
findings are available to parents and published on the Internet.

Over the last five years, educational standards achieved by students leaving
school have improved. As of 2012, 43 percent of students now leave school
with three or more grades A*-C at advanced level (A level) or equivalent
qualifications (level 3 qualifications); and 59.5 percent now leave with at least
five A*-C passing grades at the General Certificate of Secondary Education
(GCSE) level or equivalent level qualifications, including GCSEs in English and
mathematics (level 2 qualifications). The number of students leaving school with
no formal qualifications has been reduced from 27 percent in 1980 to 2 percent
in 2011.° Comparisons with other OECD countries via PISA show that 15-year-
olds in Northern Ireland perform above average in science, and at the OECD
average in literacy and mathematics.

Currently in Northern Ireland, 322,891 students attend education full-
time.* In 2011-12, over 98 percent of students attended grant-aided schools (not
including special schools), 1.4 percent attended special schools, and 0.2 percent
attended non grant-aided independent schools.?

There are different types of grant-aided schools, with minor administrative
differences, but all are funded through a Common Funding Formula. All grant-
aided schools must provide the same curriculum, and parents can choose to
apply to any school under open enrollment arrangements. Because of this
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parental choice, the majority of students are educated mainly with others
of the same religious background (i.e., Protestant or Catholic). Spending
decisions are delegated as much as possible to each school’s Board of Governors
in collaboration with the principal. There are also a very small number of
independent schools that are not grant-aided by the DE.

The Department of Education also has a specific responsibility to
encourage and facilitate the provision of integrated education, which aims to
achieve a minimum percentage of both Catholic and Protestant students in
each school, and Irish-medium education, where students learn through the
medium of Irish.

Presently, five regional education bodies, known as Education and Library
Boards (ELBs), are responsible for the effective provision of education in their
local areas. The Education and Skills Authority, a single educational authority,
will soon replace these bodies. In addition to providing education across all
sectors and phases, the ELBs also act as the employing authority for all staff
in managed schools and for all non-teaching staff in Catholic maintained
schools. The Council for Catholic Maintained Schools promotes the effective
governance and management of schools in the Catholic Maintained sector and
is the employing authority for all teaching staff in these schools. Its functions
also will be incorporated into the new Education and Skills Authority when
it is established. Additionally, the Comhairle na Gaelscolaiochta and the
Northern Ireland Council for Integrated Education receive funding from the
Department of Education to support and provide a voice for the Irish-medium
and integrated sectors.

Northern Ireland Executive’s Programme for Government is committed to
“ensure that at least one year of pre-school education is available to every family
that wants it” ® Funded preschool education is available in statutory nursery
schools and units as well as in voluntary and private settings participating
in the Pre-School Education Expansion Programme (PSEEP). This program
incorporates a number of features designed to promote high quality preschool
education provision in all settings, including a common curriculum for all those
involved in preschool education, minimum accommodation requirements,
minimum standards for staff qualifications and staffing levels, and support
from a qualified teacher or early years specialist. All centers are subject to
regular inspection.
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Compulsory education extends from age 4-16, covering twelve years of
schooling. This period of schooling is broken into phases, known as Key Stages,
as illustrated in Exhibit 1.

Exhibit 1: Phases of Schooling, Ages 4-18

Primary Foundation Stage 1-2 4-6
Key Stage 1 3-4 6-8
Key Stage 2 5-7 8-11

Post-primary Key Stage 3 8-10 11-14
Key Stage 4 11-12 14-16
Post-16 Provision (sometimes called 13-14 16-18
Key Stage 5)

At the end of Year 7 (age 11), students in the Northern Ireland education
system transfer from primary to post-primary school. Post-primary education
consists of five years of compulsory education (Years 8-12, ages 11-16) and
two further years if students wish to remain in school to pursue post-GCSE or
Level 2 courses to Level 3.

As in the primary phase, post-primary students have a legal entitlement
to a common curriculum. While the Minister’s policy is that transfer should
be on the basis of non-academic criteria, the law still allows for post-primary
schools to admit students based on academic performance. Where there is
oversubscription, each school sets its own criteria to select students, such as
proximity of home to school, whether a sibling already attends the school, and
ranking in the unregulated tests if they engage in academic selection.

Summary of National Curriculum
Legislation in Northern Ireland requires the provision of a statutory curriculum
for all students that

promotes the spiritual, moral, cultural, intellectual and
physical development of all pupils at the school and thereby
society: and prepares such pupils for the opportunities and
experiences of adult life... ”

From 2007, a revised statutory curriculum was introduced into all grant-
aided schools on a phased basis with the following three key aims:
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¢ To ensure that the core curriculum delivered in all grant-aided schools
was relevant to the needs, aspirations, and career prospects of all young
people;

¢  To promote a greater focus on skills and their applications as well as
knowledge, and on connecting learning across the curriculum; and

¢ To reduce the prescription that had applied since 1989 and give teachers
much more flexibility to exercise their professional judgment in planning
and delivering lessons that were connected, relevant, and enjoyable, and
which supported students in achieving their full educational potential.

All key stages, from Foundation to Key Stage 4, have statutory minimum
content that must be covered in schools. Beyond that, schools have much greater
freedom in what they cover and when it is covered.

The revised curriculum also has a particular focus on the core cross-
curricular skills of communication (literacy), using mathematics (numeracy),
and using ICT, as well as whole curriculum skills focusing on thinking skills
and personal capabilities (often referred to as the “other skills”).

Religious education also is a compulsory part of the curriculum in all
grant-aided schools, although all schools must have arrangements in place for
students whose parents do not wish them to receive religious education.

In primary schools, the curriculum also includes six areas of learning:
language and literacy, mathematics and numeracy, the arts, the world around
us, personal development and mutual understanding, and physical education.
Though these study topics have been laid out in six discrete areas, teachers are
encouraged to be flexible in selection and to integrate learning across the areas.

Standards of student competency in mathematics and numeracy are
assessed through the cross-curricular skill of using mathematics, which
describes the confidence and ability to apply mathematical skills in a range of
meaningful contexts. New levels of progression have been established for all
cross-curricular skills, written in the form of “can do” statements and designed
to map the skills that pupils are expected to demonstrate by the end of each key
stage (Key Stage 1 and 2 in primary education, and Key Stage 3 in post-primary
education). New assessment arrangements designed to measure student progress
in each of the cross-curricular skills are in the process of being implemented.

At Key Stage 3, the statutory curriculum is the same across all post-primary
schools and includes religious education and the cross-curricular and “other”
skills referred to above. The curriculum also includes the following areas of
learning: language and literacy, mathematics and numeracy, modern languages,
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the arts, environment and society, science and technology, learning for life and
work, and physical education.

At Key Stage 4, students are entitled to access a broad and balanced
curriculum to meet their needs, interests and aspirations, regardless of the
type of school they attend or its geographical location. Courses offered must
have clear progression pathways to further or higher education, employment,
or training. The Key Stage 4 curriculum must include religious education,
physical education, the statutory content of the learning for life and work area
of learning, and cross-curricular and “other” skills.

Students at Key Stage 4 must have access to, but are not required to take a
qualification in, each of the eight areas of learning. The DE expects all students
to take a General Certificate of Secondary Education course in mathematics
and English unless there are exceptional and justifiable reasons why this would
not be appropriate. While studying a science subject after the age of 14 is not
compulsory, in recent years, particular effort also has been made to promote the
benefits of STEM (science, technology, engineering, and mathematics)-related
subjects and to encourage their uptake.

Success criteria, based on GCSE/Level 2 achievements, are normally
applied for entry into Post-16 Provision courses (either ‘A’ levels or other
equivalent Level 3 qualifications). Frequently, students select up to three or
four subjects according to the results at GCSE or equivalent. For those who elect
to continue their education, results in ‘A’ level or equivalent qualifications will
determine entry into further or higher education colleges and universities for
the training of sub degrees, or first degrees, including teacher training courses.
Further studies lead to post-graduate qualifications at masters and doctorate
levels, and at a higher level in preparation for a qualification to a professional
body. Choices of progression route must be underpinned with access to high
quality career education advice and guidance in order to ensure the most
appropriate route to success.

Languages of Instruction

English is the official language and the language of instruction in the vast
majority of schools in Northern Ireland, although a small but growing group
of schools operates through the medium of Irish. The main minority ethnic
groups in Northern Ireland, in which English would not be the first language
spoken in the home, are, in order of size, Polish, Lithuanian, Slovakian, Latvian,
Portuguese, Chinese, people from the Indian sub-continent of Pakistan and

India, Hungarian, and Romanian.
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Mathematics and science teaching is conducted in English in the vast
majority of schools. In Irish-medium schools, instruction is provided in Irish
with English as a separate subject. Although numbers have increased over
previous years, the need for second-language instruction (other than Irish) is
still relatively small. Some schools have obtained the support of personnel with
bi-lingual skills in languages such as Polish and Portuguese. Many schools also
have successfully adopted ICT translation strategies to assist in communicating
with these students and their parents.

Mathematics Curriculum in Primary and
Lower Secondary Grades

Mathematics is a discrete area of learning, and using mathematics (along with
communication and using ICT) is a cross-curricular skill; as such, mathematics
has a central place within the revised curriculum delivered in all grant-aided
schools. The mathematics and numeracy area of learning focuses on the
development of mathematical concepts and numeracy across the curriculum
and detailed minimum content, which all schools must deliver, is set out in
legislation. Additionally, the cross-curricular skill of using mathematics is
designed to ensure that students acquire the skills of applying mathematical
concepts, processes, and understanding appropriate in a variety of contexts.
While students primarily develop these skills within the mathematics and
numeracy area of learning, the curriculum ensures that students’ skills and
knowledge are applied to other areas and subjects.

Throughout the primary curriculum, students engage in a wide range
of purposeful activities in mathematics, which involve many diverse skills.
These skills include play, exploration, investigation, questioning, reflecting,
recording, and discussion. Most mathematical skills are an integral part of life
and the workplace, involving data handling, time, budget management, and
organizing work and home situations. Students should develop mathematical
processes through practical tasks, real life problems, and investigative activities.
They should be able to understand number, notation, and number operations.
They should understand appropriate use of calculation, estimation, and
approximation. Students should be able to recognize patterns and sequences
of numbers as well as relationships among numbers. Students are expected to
measure and estimate quantities. They are expected to recognise two- and three-
dimensional shapes by their properties and work with lines and angles. Lastly,
students learn to collect, record, process, represent, and interpreting data.
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From the beginning of primary education, numeracy and mathematics are
introduced in appropriate contexts, in practical situations, and in stimulating
environments. Students are encouraged to use knowledge, skills, and
understanding in problem solving, talk about their conclusions, and explain
their findings.

Attainment outcomes for mathematics at the primary education stage
should enable students to develop knowledge, understanding, and skills in the
following five areas: 8
¢ Processes in Mathematics—Making and monitoring decisions,

communicating mathematically, and mathematical reasoning;

¢  Number—Understanding numbers and number notation; patterns,
relationships, and sequences in numbers; operations and their
applications; and money;

¢  Measures—Measures of length, weight, volume and capacity, time, and
area and temperature; relationships between units; perimeter, area, and
volume; and scale in simple contexts;

¢ Shape and Space—Exploration of shapes; and position, movement, and
direction; and

¢  Handling Data—Collecting, representing, and interpreting data; and
introduction to probability.

Since 2007, students in Years 4-7 (ages 7-11) of primary education have
completed statutory, computer-based assessments in mathematics. These
diagnostic assessments are adaptive and are designed to support schools in
identifying students’ strengths and areas for improvement, as well as to inform
the planning and delivery of teaching and learning in a way that helps students
build on their strengths and address weaknesses at an early stage.

In lower secondary education, mathematics also is a statutory area of
learning and pupils are expected to cover the minimum content set by law,
supported through effective teaching by subject specialists from the beginning of
Year 8. The curriculum for Key Stage 3 (ages 11-14) sets out minimum content
in four domains: Number; Algebra; Shape, Space, and Measures; and Handling
Data.” The expected learning outcomes for these areas indicate that students
should be able to do the following by the end of this key stage:

¢ Solve simple problems with mental mathematics;
¢ Choose an appropriate method and equipment to solve problems (e.g.,

mental, written, calculator, mathematical instruments, or a combination
of these);
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¢ Demonstrate financial capability in a range of relevant everyday
contexts;

¢ Research and manage information effectively to investigate and solve
mathematical problems, using ICT where appropriate;

¢ Show deeper mathematical understanding by thinking critically and
flexibly, solving problems and making informed decisions, using ICT
where appropriate;

¢ Demonstrate creativity and initiative when developing ideas and
applying them;

¢ Work effectively with others;

¢ Demonstrate self-management by working systematically, persisting
with tasks, and undertaking self-evaluation with the goal of improving
performance; and

¢  Communicate effectively in oral, visual, written, mathematical, and ICT
formats, showing clear awareness of audience and purpose.

Science Curriculum in Primary and
Lower Secondary Grades

At the equivalent of the grades tested in TIMSS (Grades 4 and 8, Years 6 and 10
in Northern Ireland), science and technology form part of the area of study
known as The World Around Us (Year 6) and Science and Technology (Year 10).
In primary education, The World Around Us is designed to help students
explore and find answers to questions arising from science, technology, history,
and geography and form an appreciation of the wonders of the world and their
place within it. In study of science in the context of The World Around Us,
students have an opportunity to use their senses to develop their powers of
observation, and an awareness of and use of ICT and thinking skills also is
included. Students learn to ask for explanations of the nature of the world
around them. They are offered the opportunity to look, sort, classity, explore,
experiment, predict, compare, and plan. Through the contributory elements
of history, geography, and science and technology, teachers enable students
to develop knowledge, understanding, and skills in relation to four curricular
areas: interdependence, place, movement and energy, and change over time.!0
The science curriculum for Key Stage 3 (ages 11-14), the beginning of
secondary school, describes minimum content in four science domains: !!
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¢ Organisms and Health—Interdependence of plants and animals; cells,
genes and reproduction; and healthy body and mind;

¢ Chemical and Material Behavior—Atoms and chemical changes;
structures, properties, and uses of materials; and elements, compounds,
and mixtures;

¢ Forces and Energy—Forces and energy transfer, using electricity, and
sound and light; and

¢ Earth and Universe—The environment and human influences on it, the
solar system, and the universe.

Expected learning outcomes for these domains indicate that students
should be able to do the following by the end of this key stage:
¢  Demonstrate a range of practical skills in undertaking experiments,
including the safe use of scientific equipment, and appropriate
mathematical calculations;

¢ Use investigative skills to explore scientific issues, solve problems, and
make informed decisions;

¢ Research and manage information effectively, including use of
mathematics and ICT where appropriate;

¢ Show deeper scientific understanding by thinking critically and flexibly,
solving problems and making informed decisions, demonstrating use of
mathematics and ICT where appropriate;

¢ Demonstrate creativity and initiative when developing ideas and
applying them;

¢ Work effectively with others;

¢ Demonstrate self-management by working systematically, persisting

with tasks, and undertaking self-evaluation with the goal of improving
performance; and

¢ Communicate effectively in oral, visual, written, mathematical, and ICT
formats, showing clear awareness of audience and purpose.

Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories
There are no specified programs or texts that schools must follow in the teaching
of mathematics and science in the primary or secondary curriculum. Teachers
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work with a variety of textbooks and educational materials from various
publishers. Much of each subject is taught through activities and practical
work, so worksheets often are found in practice. Generally, classrooms are well
equipped for practical lessons, with calculators and computers in use in most
classrooms. Specialized science facilities, such as dedicated laboratories, are not
found in primary schools. All post-primary schools are equipped for general
science as well as specialized areas of science.

Use of Technology

ICT plays a central role in the curriculum, and using ICT as a cross-curricular
skill is statutory across all key stages; emphasis is placed on using, applying, and
transferring skills effectively in real and relevant contexts.

There has been a very significant investment in information and computer
technology (ICT) in all schools in Northern Ireland. C2k provides all grant-
aided schools with a core-managed service, including hardware, local area
network services, wide area services, and management information systems. !
Schools can add o the core provision by purchasing additional equipment using
their delegated budgets.

A new five-year contract for C2K’s service was put in place from April
2012. This new service takes account of developments in technology, such as
the increasing use of personal smart mobile devices, the need for increased
broadband width to accommodate bandwidth-hungry functions, and the move
to central hosting (the “cloud”). As a result, major improvements in the use of
digital technologies will be delivered to all grant-aided schools. The effective use
of ICT in learning and teaching, while offering schools greater flexibility and
choice, will have a positive impact on education standards and will help prepare
students for the world of work.

Grades at Which Specialist Teachers for
Mathematics and Sciences are Introduced

Generally, primary school teaching in Northern Ireland is undertaken by a
classroom teacher. Subjects normally are taught as discrete disciplines or as part
of project work. Specialist teachers for mathematics and science are introduced
at Year 8, at the beginning of post-primary education.

Homework Policies
Individual schools manage homework policies and the Department of Education
expects every school to have a written homework policy that is shared with

TIMSS & PIRLS TIMSS 2011 ENCYCLOPEDIA
Lynch School of Education, Boston College NORTHERN IRELAND 663




parents. The length of time spent on homework varies depending on the
nature of the assignment and the age and stage of the student. The DE provides
guidance to primary schools and recommends that schools cooperate with
parents to set a reasonable limit on the time their children spend on homework.
Primary schools rely on parents to help with and supervise their children’s
homework, especially at Key Stage 2 (ages 8-11). Secondary schools also
encourage subject-based home study and independent research work.

Teachers and Teacher Education

Teacher Education Specific to Mathematics and Science

There are approximately 20,000 teachers employed in grant-aided schools in
Northern Ireland. Teaching is an all-graduate profession, and teacher education
is accessed at five higher education institutions (HEIs): Stranmillis and St Mary’s
University Colleges mainly cater to the primary sector through their Bachelor
of Education (BEd) courses; and Queen’s University Belfast, the University of
Ulster, and the Open University cater to the post-primary sector through their
Postgraduate Certificate in Education (PGCE) courses.®®

A Bachelor of Education takes four years to complete, involving
professional tuition and academic study in one or more specialist subjects.
Alternately, students who have completed a three- or four-year Bachelor of Arts
(BA) or Bachelor of Science (BSc) degree may then apply to attend the PGCE
course of study. Normally, Bachelor of Education courses of study consist of
academic studies, professional tuition, and classroom-based teaching practice.
Upon successful completion of an initial teacher education degree, teachers
are granted “eligibility to teach” status and are eligible for registration with the
General Teaching Council for Northern Ireland. A newly qualified teacher
must undertake an induction program, normally lasting one year, followed by
a two-year program of Early Professional Development. The arrangements for
initial teacher education and continuing professional development in Northern
Ireland are currently under review.

Most post-primary science teachers complete a three-or four-year general
science degree before applying for post-graduate teacher education. Their
professional development normally takes place while on placement in science
departments in post-primary schools.

a Details of course provision in each of the HEIs can be found in the Department of Education leaflet, retrieved from
http://www.deni.gov.uk/index/school-staff/teachers-teachinginnorthernireland_pg/10_teaching_in_northern_ireland-
initial_teacher_education-pg.htm

b Entry requirements for ITE programs are detailed in the DE Circular 2010/03, Initial Teacher Education: Approval of
Programmes, retrieved from http://www.deni.gov.uk/ite_approval_of_programmes_circular_-_english_version-2.pdf
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Requirements for Ongoing Professional Development

Currently, in-service training may be center- or school-based depending on
school and teacher needs. Education initiatives arising from the Department of
Education or the Curriculum Council are normally delivered by the Regional
Training Unit or by the Curriculum Advisory Support Service teams of the five
Education and Library Boards. A single School Development Service is currently
in development; it is envisaged that, in the future, professional development
will be facilitated and commissioned through this support structure. School
managers also may initiate school-based professional development on education
issues, with or without the assistance of Curriculum Advisory Support Service
advisory officers. Generally, this professional development will be for issues
pertinent to individual staft groups and normally is paid for from the individual
school budget. Many small rural schools arrange cluster groups to disseminate
information, provide staff training, and share good practice.

Monitoring Student Progress in Mathematics and Science

Assessment of student progress in the areas of learning and “other skills”
elements of the curriculum is delegated to schools, and information on student
progress is not collected centrally. The Council for the Curriculum, Evaluation
and Assessment (CCEA) provides advice and exemplars of good practice,
allowing schools and teachers a high degree of flexibility in exercising their
professional judgement.

Student progress in the cross-curricular skills of using mathematics
and communication (and, from 2013-14, using ICT) is assessed annually by
teachers and the information used to inform teaching and learning in school
and reported to parents. At the end of Key Stages 1, 2, and 3 (Years 4, 7, and 10),
teachers assess and report on children’s literacy and numeracy skills against
levels of progression. Assessment is completed by the teacher, informed by the
outcomes of a series of tasks and classroom observations. Due to the importance
of monitoring and improving performance in the cross-curricular skills,
information about student performance at the end of each key stage is collected
centrally and used both as a system measure and for accountability purposes.

In primary education, over 80 percent of children reach their expected level
in both literacy and numeracy for their age. In 2010-11, 82.4 percent reached
the expected level in English, and 82.9 percent achieved it in mathematics. The
Minister of Education has set 2020 student literacy and numeracy expected level
achievement targets at over 90 percent.
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At the end of Key Stage 3 (age 14), statutory assessment is completed in
English and mathematics, as well as in Irish for Irish-medium schools. Students
who have statements of special needs and who have been assessed as having
severe learning difficulties are exempted from statutory assessment.

Summative assessment at the end of Key Stage 3 is carried out by the
classroom teacher to determine the level achieved by each student. Outcomes
are then transferred electronically to CCEA by electronic data interchange. Class
and school statistics are returned to the school and individual outcomes are
reported to parents.

Beginning in the 2012-13 school year, using mathematics will be assessed
with reference to new levels of progression which focus on skills as well as
knowledge. This assessment will be via a robust model of moderated teacher-
led assessment. It should be noted that the assessment and reporting of a
student’s progress in using mathematics must take into account the student’s
achievements in the mathematics and numeracy area of learning.

Parents can elect for their Year 7 (age 11, end of Key Stage 2) students
to take unregulated examinations in English and mathematics. While the
majority of post-primary schools do not use academic admissions criteria, many
traditionally selective schools (largely but not exclusively grammar schools) still
admit their students based on examination results.

Using statistics generated over previous years in mathematics, 72.9 percent
of Key Stage 3 students achieved the expected level in 2005-06, 74.4 percent
reached the expected level in 2006-07, and 77.3 percent in 2010-11. In 2012,
the expected level was 76 percent, and in 2020, 85 percent will be expected to
achieve this level.

At age 16, after completing 12 years of compulsory education (end of
Key Stage 4), students take the General Certificate of Secondary Education or
equivalent level examinations in the courses (subjects) they have studied at
Key Stage 4. National targets have been set to encourage the raising of standards
across all schools. In the 2012 school year, 61 percent of students will be
expected to achieve five GCSE grades in the A*-C range, including English
and mathematics. The target for 2020 has been set at 70 percent. The percentage
of students receiving free school meals (the indicator used to determine social
deprivation) expected to achieve five GCSE grades in the A*-C range is
currently 31.7 percent (target is 65 percent by 2020).

Students who return post-GCSE normally study ‘A’ levels or equivalent
Level 3 qualifications. The outcome of assessment in these subjects will help
determine their future progress in education, training, or employment.
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Impact and Use of TIMSS

Currently, 17.6 percent of those leaving primary school are performing below
the expected level in numeracy. However, according to the Department of
Education, as of 2011, no information has been available to allow Northern
Ireland to make international comparisons in the primary grades.

To address this shortfall in benchmarking information, schools have
participated in TIMSS 2011 to assess the performance of nine- and ten-year-
olds (Year 6) in numeracy and science. This study also will provide data on
attitudes, home factors, access to computers, and other factors which influence
achievement; this data will allow Northern Ireland to identify areas for
improvement in primary provision, and should assist education policy makers
in ensuring that students leave primary schools with the appropriate skills in
numeracy and science.
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Intfroduction

Overview of the Education System

Norway has a centralized curriculum comprising all subjects for Grades 1-13.
The Parliament approves the curriculum through a process initiated by the
Ministry of Education and Research and involving expert groups. Within
the frameworks set by the curriculum, local schools and teachers have
considerable freedom to make their own decisions about organization and
instructional methods.

Kindergarten or preprimary school is neither compulsory nor free in
Norway, though every child has a right to attend. Following preprimary, every
child has the legal right to 13 years of education, of which the first ten grades
(Grades 1-10) are compulsory and free. The next three years (Grades 11-13)
are not compulsory but are still free. Children enter Grade 1 in August of the
year when they reach the age of six. Most students are enrolled in public schools;
private schools play a small role in Norwegian education.!

Norwegian education is divided into three main stages. Primary
school (Grades 1-7) is called the Child Stage, while lower secondary school
(Grades 8-10) is called the Youth Stage. Together, these stages constitute
compulsory education, called Basic School. In Basic School, there are very few
alternative programs and no streaming; almost all students are taught together
in regular classes in all subjects. This system results from a broad political
agreement on not creating unnecessary differences between children.

The final three grades, Grades 11-13, constitute (upper) Secondary School.
Although this level is not compulsory, it is attended (or attempted) by the vast
majority of the youth cohort. Certain basic subjects are common for all students.
However, students choose between a variety of general study programs which
prepare them for tertiary studies and vocational programs.

In 2006, a new curriculum—Knowledge Promotion—was introduced.
Knowledge Promotion retained the basic educational visions supporting
previous curricula but, for the first time, provided a comprehensive curriculum
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for the entire Norwegian school system. This new curriculum became fully
implemented by 2008 and includes goals written as statements of competencies
to be attained, and introduces a competency called basic skills.? > 43
Mathematics has a prominent place in the Norwegian school curriculum;
together with Norwegian and English, it is one of the core subjects covered by
national examinations in Grade 10. Much less instructional time is allocated
to science during compulsory education, and there is no national examination
in science in Grade 10. However, the 2006 curriculum reform increased the
amount of time allocated to both mathematics and science in the lower grades.

Languages of Instruction

Norwegian is the main language spoken in Norway, and is the dominant
language of instruction at all levels of education. The Sami population speaks
and writes three Sami languages and, in certain schools, Sami is the language
of instruction. Immigrant students may learn mother-tongue languages in
addition to Norwegian. Also, English is taught as a foreign language beginning
in Grade 1. (For more about language in the Norwegian school system, see the
PIRLS 2011 Encyclopedia.®)

The Norwegian Curriculum in Basic and
Secondary Schools

The Norwegian curriculum is organized by groups of grades, and curriculum
goals specify competencies to be attained by the end of Grades 2, 4, 7, 10,
11, 12, and 13. The competency goals for Grade 4 can easily be compared to
the TIMSS 2011 Assessment Frameworks for the fourth grade. For Grade 8,
however, there are no specific curricular goals; at this stage goals are combined
for Grades 8-10. In addition, the order in which subject areas for these grades
are presented may vary across schools and textbooks. Hence, statements about
the Grade 8 curriculum in Norway can only give a general indication of what
is covered.

For each school subject, the curriculum includes an introduction about
the general objectives and structure of the subject, specifications for basic skills
in that subject, a list of competency goals, and finally, some statements about
assessment. There are no statements about topics to be covered, only about
competencies to be attained.
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Mathematics Curriculum in Primary and
Lower Secondary Grades

A brief overview of the mathematics curriculum for Grades 1-10 is as follows.8

The first sentence in the curriculum states that “Mathematics is part of our
global cultural heritage” ° After presenting mathematics as a possible source
of joy, the curriculum emphasizes the broad range of applications and utility.
Concrete and practical as well as abstract and theoretical aspects of mathematics
are mentioned, and must have a place in the teaching and learning of the subject.

The mathematics curriculum is organized into main areas. For Grades 1-4,
these areas are Numbers, Geometry, Measuring, and Statistics. The main areas
for Grades 5-7 are Numbers and Algebra, Geometry, Measuring, and Statistics
and Probability. In Grades 8-10 the curriculum is organized into the following:
Numbers and Algebra; Geometry; Measuring; Statistics, Probability, and
Combinatorics; and Functions.

Five basic skills are defined across all subjects and grades in the curriculum.
(Work is ongoing to improve these definitions.) For mathematics, the present
descriptions include the following:
¢ Oral skills—Asking questions, reasoning, arguing, explaining ideas, and

discussing solution strategies;

¢ Writing skills—Describing thought processes; explaining discoveries and
ideas; and using symbols, drawings, tables, and graphs;

¢ Reading skills—Interpreting texts with mathematical expressions,
graphs, tables, symbols, formulas, and logical reasoning;

¢ Numerical skills—Gaining familiarity with mathematical operations and
estimates, exploration, problem solving, and variation of strategies; and

¢ Digital skills—Using digital tools for exploration, visualization,
publication, simulation, and modeling and information collection, as
well as for analysis, processing, and presentation of data—all with a
critical attitude toward sources, analyses, and results.

Exhibit 1 presents the competencies which students are expected to be
able to attain in mathematics at Grades 1-4, Grades 5-7, and Grades 8-10. As
a general indication, it might be expected that the most elementary third of the
goals for Grades 8-10 should be attained in Grade 8.
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Exhibit 1: Expected Competencies in Mathematics, Grades 1-10

Grades 1-4 Use the real number line, describe the place-value system, and use positive and negative integers,
simple fractions, and decimal numbers; add, subtract, and estimate both mentally and on paper;
use multiplication tables, carry out multiplication and division, and exploit simple relations
between arithmetic operations; and experiment with, recognize, describe, and work with simple
number patterns.

Recognize, sort, and describe characteristics of geometric figures; recognize and use mirror symmetry
and translation; make, explore, and describe geometric patterns; and place and describe positions
in grids, on maps, and in coordinate systems.

Estimate and measure length, area, volume, mass, temperature, time, and angles; compare
magnitudes and convert units.

Collect, sort, record, illustrate, and comment on data using tallies, tables, and bar charts.

Grades 5-7 Calculate with positive and negative integers, decimal numbers, fractions, and percentages; find
common denominators; use a calculator and a spreadsheet for simple calculations; justify solution
methods; and explore and describe structures in simple numerical and geometrical patterns.

Analyze characteristics of two- and three-dimensional figures, build three-dimensional models, and
draw simple three-dimensional figures in perspective; describe and perform reflection, rotation,
and translation; describe position and movement in a coordinate system; and calculate distances
parallel to the coordinate axes.

Select suitable measurement tools, choose suitable units, and convert between units; explain
measurements of area and volume and calculate circumference, area, surface area, and volume
of simple two- and three-dimensional figures; use a scale to calculate distances from a map and
to make a scale drawing; use proportions in practical situations; calculate velocity; and convert
currencies.

Collect data from observation, questionnaires, and experiments; represent data in tables and graphs,
digitally and manually; read, interpret, and assess data; find median, mode, and average for simple
datasets, and assess them in relation to each other; assess probability in everyday contexts, games,
and experiments; and calculate probability in simple situations.

Grades 8-10 Compare and convert integers, decimal numbers, fractions, and percentages; divide and reduce
fractions; use factors, powers, square roots, and prime numbers in calculations; factor simple
algebraic expressions; work with formulas, parentheses, and rational expressions with a single term
in the denominator; solve linear equations and inequalities and simple systems of equations with
two unknowns; and prepare simple budgets and do calculations about private finances.

Analyze characteristics of geometric figures and use them for constructions and calculations; carry
out and explain constructions with a compass, ruler, and other tool; use congruence and the
Pythagorean theorem to calculate unknown lengths and angles; make and interpret scale drawings
and perspective drawings; use coordinates to represent figures; and formulate logical reasoning
about geometrical ideas.

Discuss precision and uncertainty of measurements; account for the number i, and use it in
calculations of circumference, area, and volume.

Carry out investigations and use databases to analyze statistical data and demonstrate critical
assessment of data sources; order and group data; find and discuss median, mode, average, and
range; present data with and without digital tools; find probabilities by experiments, simulations,
and calculations in everyday contexts and in games; describe sample spaces and express
probabilities as fractions, percentages, and decimal numbers; and provide examples of and solve
simple combinatorics problems.

Construct functions that describe numerical relationships and practical situations, interpret the
functions, and convert between various representations of functions, such as graphs, tables,
formulas, and text; identify and apply properties of proportional, inversely proportional, linear, and
simple quadratic functions, and provide examples of practical situations that may be described by
these functions.
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Science Curriculum in Primary and
Lower Secondary Grades

A brief overview of the science curriculum for Grades 1-10 is as follows.!°

Knowledge and understanding of natural science is a basis for participation
in democratic processes and enables people to contribute to sustainable
development, and learning science must be closely related to practical experience
in laboratories and nature. The first sentence in the curriculum states that
“Natural science is the result of human curiosity and our need to find answers
to questions about our existence, life and life forms, and our place in nature and
the universe, and, in this way, it becomes part of our culture” !! The curriculum
emphasizes the holistic nature of the subject even though natural science is
divided into the disciplines of physics, chemistry, biology, and the geosciences.
The curriculum also states that scientific laws and theories are models of reality
and that these laws and theories develop through observations, experiments,
and ideas. In short, the science curriculum has a profile emphasizing both the
content and nature of science.

The natural science curriculum for Grades 1-10 is organized into six
main areas: the Budding Researcher, Diversity in Nature, Body and Health, the
Universe, Phenomena and Substances, and Technology and Design.

Five basic skills are defined across all subjects and all grades in the
curriculum. (Work is ongoing to improve these definitions.) For natural science,
the present descriptions include the following:
¢ Oral and writing skills—Presenting and describing experiences and

observations from nature; writing reports from experiments, fieldwork,

and excursions; and formulating questions and hypotheses;

¢ Reading skills—Interpreting and reflecting on natural science texts from
the Internet and in books, newspapers, brochures, manuals, recipes,
tables, and diagrams;

¢ Numerical skills—Recording and calculating results from measurements;
organizing tables and diagrams; and using and interpreting formulas and
models; and

¢ Digital skills—Using digital tools for exploration, measurement,
visualization, simulation, animation, registration, documentation and
publication; and critical assessment of Internet-based information.
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Exhibit 2 presents the competencies which students are expected to be able
to attain in natural science at Grades 1-4, Grades 5-7, and Grades 8-10. As a
general indication, it might be expected that the most elementary third of the
goals for Grades 8-10 should be attained in Grade 8.

Exhibit 2: Expected Competencies in Natural Science, Grades 1-10

Grades 1-4 Explore the local neighborhood, ask questions and talk about experiences in nature, and describe
observations; use simple measuring instruments to collect and organize data; and present results.

Recognize, sort, and describe some species of plants and animals and describe their life cycles;
describe some important characteristics of the four seasons; observe and note what happens
to trees and other perennial plants over time; describe some extinct animal species; discuss the
benefit of animal welfare; and argue for appropriate behavior in nature.

Name and describe the function of some external and internal body parts and senses; talk about
the development of the human body from conception to adulthood; describe some common
childhood diseases and define inoculation; observe and describe how the human body reacts
in a number of situations; and discuss emotional experiences and reactions and the relationship
between physical and mental health.

Describe how the Earth, moon, sun and planets move in relation to each other; and observe and
describe the seasons, day and night, and different phases of the moon.

Sort substances according to easily observable characteristics and describe these characteristics;
perform experiments with water, air, sound, and light and talk about observations made; describe
how and discuss why people sort waste; provide an example of a biological cycle involving
decomposition; carry out experiments showing that substances may change their nature when
subjected to various influences; and observe and describe weather and clouds and measure
temperature and precipitation.

Make objects that can be propelled by water or air and objects that use reflection of light, and
discuss the objects; plan, build, and test simple models of building constructions and document
the process; describe building structures and discuss why some are more stable than others; and
compare load-bearing structures in buildings in the local neighborhood

Grades 5-7 Formulate questions and hypotheses, prepare a plan for examining a hypothesis, conduct the
examination, and publish and discuss the results; explain the importance of making and testing
hypotheses through systematic experiments and observations; and extract natural science
information from simple scientific texts in different media.

Plan and conduct explorations in nature, examine and describe plants and explain the functions of
different parts of the plant, and examine and describe factors that influence the germination and
growth of plants; describe characteristics of vertebrates and explain the functions of the most
important organs; describe characteristics of some plants, mushrooms, and animals and tell how
they are ordered systematically; and discuss traditional uses of some plants, mushrooms, and
animals.

Describe the most important organs in the human body and their functions; describe the human
skeleton and muscles and explain how the body can move; explain what happens during puberty
and talk about gender identities and variation in sexual orientation; and collect information about
and discuss damage to health caused by drug abuse.

Describe the solar system and scientific theories about the origin of the Earth; describe a model of
the solar system and discuss how the model may explain observed phenomena like night and day,
lunar phases, and the sun’s motion across the sky.
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Examine and describe main characteristics of some minerals and rocks and how they have been
formed; carry out experiments with sound, hearing, and noise and with magnetism and electricity,
and describe and explain the results; account for the use of some sources of energy in earlier times
and in the present, and describe consequences of this use for the global and local environments;
carry out relevant weather measurements; describe the main characteristics of gases, liquids, solids,
and use the particle model to explain phase transitions; use the concepts of atoms and molecules
to explain the structure of substances and how substances may be transformed; and carry out
experiments with chemical reactions and explain what characterizes these reactions.

Plan, build, and test mechanical toys, and describe various movements of the toys and the principles of
mechanical transfer; plan, build, and test simple products that use electricity, and explain how they
work; and account for how transfer of motion has been used throughout history to exploit energy
in wind and water.

Grades 8-10 Plan and conduct experiments to test the validity of hypotheses; keep records during experiments
and fieldwork and present reports; explain the importance of looking for relationships between
cause and effect and explain why arguments, disagreement, and publication are important; and
demonstrate protective and safety equipment as well as safety procedures in science instruction.

Describe the structure of animal and plant cells and explain the main features of photosynthesis and
respiration; explain cell division, genetic variation, and inheritance; explain the main features of the
theory of evolution and the basis for this theory; explain main features of theories about how the
Earth changes and has changed through history, and the basis for these theories; account for biotic
and abiotic factors in an ecosystem and explain the relationship between the factors; and observe
and provide examples of how human activities have affected a natural area, identify views of
different interest groups, and propose measures that may preserve nature for future generations.

Discuss issues related to sexuality, different sexual orientations, contraception, abortion, and sexually
transmitted diseases; explain how the human body protects itself against disease and describe
how to prevent and treat infectious diseases; explain how the nervous system and the endocrine
system control bodily processes; describe the development of a fetus and the process of birth;
account for how lifestyle choices may lead to disease and injury and how this may be prevented;
provide examples from popular medicine and discuss the difference between alternative and
academic medicine; and account for how drug abuse may damage health and discuss how this can
be prevented.

Describe the universe and different theories of how it has developed; provide an overview of
technological equipment used in exploring space, present important events from the history of
space travel, and discuss research investigating possibilities of life on other planets; and describe
the apparent motion of planets across the sky and explain how solar and lunar eclipses occur.

Assess properties of elements and compounds by using the periodic table; carry out experiments in
order to classify acidic and alkaline substances, separate substances in a mixture, and analyze an
unknown substance; examine the chemical properties of some common everyday substances,
and plan and conduct experiments with hydrocarbons, alcohols, carboxylic acids, and common
carbohydrates, and describe them; explain the origin of crude oil and natural gas and how they are
used; explain results from experiments with electric circuits using the concepts of current, voltage,
resistance, power, and induction; explain how we can produce electrical energy from renewable
and non-renewable sources; explain the concepts of velocity and acceleration, measure their
magnitudes with simple tools, and provide examples of how force is connected to acceleration;
carry out experiments and simple calculations with work, energy, and power; explain how traffic
safety equipment prevents and reduces injuries in accidents; and carry out experiments with light,
vision, and colors, and describe and explain the results; and

Develop products that use electronics, evaluate the design process, and assess product functionality
and user-friendliness; test and describe properties of materials used in a production process; and
explain electronic communication systems at a systems level, and discuss societal challenges
connected to using them.
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Instruction for Mathematics and Science in
Primary and Lower Secondary Grades

Instructional Materials, Equipment, and Laboratories

Textbooks or teaching materials are no longer centrally mandated,
recommended, or approved. There are some recommendations on science
laboratory equipment, and security regulations for science laboratories.

Use of Technology

The new 2006 curriculum introduced the concept of basic skills, one of which
is being able to use digital tools. It is therefore expected that every teacher in
each subject and grade will apply digital tools and develop students’ skills with
them. What to use and how to use it, however, is largely left to the teach