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7-1: TIMSS 2011 Mathematics Framework

7-1-1 Mathematics Content Domains — Eighth Grade

The content domains described in the TIMSS 2011 Mathematics Framework for the
eighth grade are shown in doc 1.

Document 1: Target Percentages of the TIMSS 2011 Mathematics Assessment Devoted
to Content Domains at Eighth Grade

Eighth-Grade Content Domains Percentages
Number | 30%
Algebra 30%
Geometry 20%
Data and Chance 20%

The content domains define the specific mathematics subject matter covered by the
TIMSS 2011 assessment at eighth grade. Each content domain has several topic areas; each
one is presented as a list of objectives covered in the mathematics curriculum in the majority
of participating countries. These grade specific objectives are written in terms of student
understandings or abilities that items aligned with these objectives are designed to elicit.
Sometimes the wording of objectives is similar or identical for fourth and eighth grades. In
these instances, the progression in learning between the two grades is established by the
difficulty of the items used. The following sections describe each of the mathematics content
domains at eighth grade.

Number

The number content domain includes understanding of numbers, ways of representing
numbers, relationships among numbers, and number systems. At the eighth grade, students
should have developed number sense and computational fluency, understand the meanings of
operations and how they relate to one another, and be able to use numbers and operations to
solve problems.

The number content domain consists of understandings and skills related to:
Whole numbers

Fractions and decimals

Integers

Ratio, proportion, and percent
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The emphasis within computation is on fractions and decimals rather than on whole
numbers. Within fractions and decimals, the emphasis is on representation and translation
between forms, understanding what quantities the symbols represent, computation, and
problem solving. By the eighth grade, students should be able to move flexibly among
equivalent fractions, decimals, and percents using a range of strategies.

Eighth-grade students should have extended their mathematical understanding from
whole numbers to integers, including order and magnitude as well as operations with integers.
Students should also be able to work with percents and proportions and use proportional
reasoning to solve problems.

The problems students will be asked to solve include both the routine and the non-
routine, those set in everyday contexts and those where mathematics itself is the context.
Some problems involve computation with a range of measures and units of measurement.

Number: Whole Numbers
1. Demonstrate understanding of the principles of whole numbers and operations with
them (e.g., knowledge of the four operations, place value, commutativity,
associativity, and distributivity).
2. Find and use multiples or factors of numbers, identify prime numbers, and evaluate
powers of numbers and square roots of perfect squares to 144.
3. Solve problems by computing, estimating, or approximating with whole numbers.

Number: Fractions and Decimals

1. Compare and order fractions; recognize and write equivalent fractions.

2. Demonstrate understanding of place value for finite decimals (e.g., by comparing or
ordering them).

3. Represent fractions and decimals and operations with fractions and decimals using
models (e.g., number lines); identify and use such representations.

4. Convert between fractions and decimals.

5. Compute with fractions and decimals and solve problems involving them.

Number: Integers
1. Represent, compare, order, and compute with integers and solve problems using them.

Number: Ratio, Proportion, and Percent
1. ldentify and find equivalent ratios; model a given situation by using a ratio and divide
a quantity in a given ratio.
2. Convert between percents and fractions or decimals.
3. Solve problems involving percents and proportions.

Algebra

While functional relationships and their uses for modeling and problem solving are of
prime interest, it is also important to assess how well the supporting knowledge and skills
have been learned. The algebra content domain includes recognizing and extending patterns,
using algebraic symbols to represent mathematical situations, and developing fluency in
producing equivalent expressions and solving linear equations.

The major topic areas in algebra are:

e Patterns
e Algebraic expressions
e Equations/formulas and functions
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Algebraic concepts are relatively formalized by this grade, and students should have
developed an understanding of linear relationships and the concept of variable. Students at
this level are expected to use and simplify algebraic formulas, solve linear equations,
inequalities, pairs of simultaneous equations involving two variables, and use a range of
functions. They should be able to solve real-world problems using algebraic models and to
explain relationships involving algebraic concepts.

Algebra: Patterns
1.  Extend well-defined numeric, algebraic, and geometric patterns or sequences
using numbers, words, symbols, or diagrams; find missing terms.
2. Generalize pattern relationships in a sequence, or between adjacent terms, or
between the sequence number of the term and the term, using numbers, words, or
algebraic expressions.

Algebra: Algebraic Expressions
1. Find sums, products, and powers of expressions containing variables.
2.  Evaluate expressions for given numeric values of the variable(s).
3. Simplify or compare algebraic expressions to determine if they are equal.
4.  Model situations using expressions.

Algebra: Equations/Formulas and Functions

1.  Evaluate equations/formulas given values of the variables.

2. Indicate whether a value (or values) satisfies a given equation/formula.

3. Solve linear equations and linear inequalities, and simultaneous (two variables)
linear equations.

4.  Recognize and write equations, inequalities, simultaneous equations, or functions
that model given situations.

5. Recognize and generate representations of functions in the form of tables, graphs,
or words.

6.  Solve problems using equations/formulas and functions.

Geometry

Eighth-grade students should be able to analyze the properties and characteristics of a
variety of two and three-dimensional geometric figures, including lengths of sides and sizes of
angles, and to provide explanations based on geometric relationships. They should be able to
apply the Pythagorean Theorem to solve problems. The focus should be on using geometric
properties and their relationships.

Alongside their appreciation of geometric properties and relationships, students also
should be competent in geometric measurement, using measuring instruments accurately,
estimating where appropriate, and selecting and using formulas for perimeters, areas, and
volumes. The geometry content area also includes understanding coordinate representations
and using spatial visualization skills to move between two- and three-dimensional shapes and
their representations. Students should be able to use symmetry and apply transformation to
analyze mathematical situations.

The three topic areas in geometry are:
e Geometric shapes
e Geometric measurement
e Location and movement
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Spatial sense is integral to the study and assessment of geometry. The cognitive range
extends from making drawings and constructions to mathematical reasoning about
combinations of shapes and transformations. Students will be asked to describe, visualize,
draw, and construct a variety of geometric figures, including angles, lines, triangles,
quadrilaterals, and other polygons. Students should be able to combine, decompose, and
analyze compound shapes. By this grade, they should be able to interpret or create top or side
views of objects and use their understanding of similarity and congruence to solve problems.

Students should be able to use the Cartesian plane to locate points and lines. They
should be able to recognize line symmetry and draw symmetrical figures. They should
understand and be able to describe rotations, translations, and reflections in mathematical
terms (e.g., center, direction, and angle).

As students progress through school, using proportional thinking in geometric contexts
is important, as is making some initial links between geometry and algebra. Students should
be able to solve problems using geometric models and explain relationships involving
geometric concepts.

Geometry: Geometric Shapes

1.  Identify different types of angles and know and use the relationships between
angles on lines and in geometric figures.

2. Recognize geometric properties of common two- and three-dimensional shapes,
including line and rotational symmetry.

3. Identify congruent triangles and quadrilaterals and their corresponding measures;
identify similar triangles and recall and use their properties.

4.  Recognize relationships between three-dimensional shapes and their two-
dimensional representations (e.g., nets or two-dimensional views of three-
dimensional objects).

5. Apply geometric properties, including the Pythagorean Theorem, to solve
problems.

Note: Eighth-grade geometric shapes items will involve circles, the following triangles—
scalene, isosceles, equilateral, and right-angled; the following quadrilaterals—scalene,
trapezoid, parallelogram, rectangle, rhombus, and square; as well as other polygons
including pentagon, hexagon, octagon, and decagon.

Geometry: Geometric Measurement
1.  Draw given angles and lines; measure and estimate the size of given angles, line
segments, perimeters, areas, and volumes.
2. Select and use appropriate measurement formulas for perimeters, circumferences,
areas, surface areas, and volumes; find measures of compound areas.

Geometry: Location and Movement
1.  Locate points in the Cartesian plane, and solve problems including such points.
2.  Recognize and use geometric transformations (translation, reflection, and rotation)
of two-dimensional shapes.
Data and Chance

The data and chance content domain includes knowing how to organize data that have
been collected by oneself or others and how to display data in graphs and charts that will be
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useful in answering questions that prompted the data collection. This content domain includes
understanding issues related to misinterpretation of data.

The data and chance content domain consists of the following three major topic areas:
e Data organization and representation
e Data interpretation
e Chance

Students can engage in simple data-gathering plans or work with data that have been
gathered by others or generated by simulations. They should understand what various
numbers, symbols, and points mean in data displays. For example, they should recognize that
some numbers represent the values of the data and others represent the frequency with which
those values occur. Students should develop skill in representing their data using bar graphs,
tables, or line graphs. They should be able to recognize and compare the relative merits of
various types of displays.

Students should be able to describe and compare characteristics of data (shape, spread,
and central tendency), and draw conclusions based on data displays. Students should be able
to identify trends in data, make predictions based on data, and evaluate the reasonableness of
interpretations.

Eighth-grade students’ appreciation of chance (elementary probability) should include
being able to designate the occurrence of familiar events as certain; as having greater, equal,
or less likelihood; or as impossible, and should extend to using data from experiments or
knowledge of equally likely outcomes to predict the chance of a given outcome.

Data and Chance: Data Organization and Representation
1. Read scales and data from tables, pictographs, bar graphs, pie charts, and line
graphs.
2. Organize and display data using tables, pictographs, bar graphs, pie charts, and
line graphs.
3. Compare and match different representations of the same data.

Data and Chance: Data Interpretation

1.  Identify, calculate and compare characteristics of data sets, including mean,
median, mode, range, and shape of distribution (in general terms).

2. Use and interpret data sets to answer questions and solve problems (e.g., make
inferences, draw conclusions, and estimate values between and beyond given data
points).

3. Recognize and describe approaches to organizing and displaying data that could
lead to misinterpretation (e.g., inappropriate grouping and misleading or distorted
scales).

Data and Chance: Chance
1. Judge the chance of an outcome as certain, more likely, equally likely, less likely,
or impossible.
2. Use data to estimate the chances of future outcomes; use the chances of a
particular outcome to solve problems; determine the chances of possible
outcomes.



13

Guidelines for Calculator Use

Although technology in the form of calculators and computers can help students learn
mathematics, it should not be used to replace basic understanding and competencies. Like any
teaching tool, calculators need to be used appropriately, and policies for their use differ across
the TIMSS countries. Also, the availability of calculators varies widely. It would not be
equitable to require calculator use when students in some countries may never have used
them. Similarly, however, it is not equitable to deprive students of the use
of a familiar tool.

After considerable debate on the issue, TIMSS 2003 introduced calculator use in the
eighth-grade mathematics assessment. For newly developed items, calculators were not
required, but were permitted if participating countries wanted to allow their students to use
them. Based on a study conducted as part of TIMSS 2003 where the same items were given
before the break when calculators were not permitted and in the session after the break when
calculators were allowed, it was found that even without specifically planning nearly all the
TIMSS mathematics items could be answered just as easily without the use of a calculator.
That is, performance was not significantly different with or without a calculator for all except
five items. Also, of the students who had calculators (63 percent), the vast majority (47
percent) reported that although they had calculators, they used them very little or not at all.

Based on the experience in TIMSS 2003, in TIMSS 2007 eighth-grade students were
permitted to use calculators for the entire assessment and this will be continued in TIMSS
2011. As with previous TIMSS assessments, fourth-grade students will not be permitted to
use calculators.

The aim of the TIMSS guidelines for calculator use is to give students the best
opportunity to operate in settings that mirror their classroom experience. Thus, if students are
used to having calculators for their classroom activities, then the country should encourage
students to use them during the assessment. On the other hand, if students are not used to
having calculators or are not permitted to use them in their daily mathematics lessons, then
the country need not permit their use. In developing the new assessment materials, every
effort will be made to ensure that the test questions do not advantage or disadvantage students
either way—with or without calculators.
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7-1-2 Mathematics Cognitive Domains — Fourth and Eighth Grades

To respond correctly to TIMSS test items students need to be familiar with the
mathematics content being assessed, but they also need to draw on a range of cognitive skills.
Describing these skills plays a crucial role in the development of an assessment like TIMSS
2011, since they are vital in ensuring that the survey covers the appropriate range of cognitive
skills across the content domains already outlined.

The first domain, knowing, covers the facts, concepts, and procedures students need to
know, while the second, applying, focuses on the ability of students to apply knowledge and
conceptual understanding to solve problems or answer questions. The third domain,
reasoning, goes beyond the solution of routine problems to encompass unfamiliar situations,
complex contexts, and multistep problems.

Each content domain will include items developed to address each of the three cognitive
domains. For example, the number domain will include knowing, applying, and reasoning
items as will the other content domains.

Document 2 shows the target percentages of testing time devoted to each cognitive
domain for both the fourth- and eighth-grade assessments.

Document 2: Target Percentages of the TIMSS 2011 Mathematics Assessment Devoted
to Cognitive Domains at Eighth Grades

Cognitive Domains Percentages

Eighth Grade

Knowing 35%
Applying 40%
Reasoning 25%

Knowing

Facility in using mathematics, or reasoning about mathematical situations, depends on
mathematical knowledge and familiarity with mathematical concepts. The more relevant
knowledge a student is able to recall and the wider the range of concepts he or she has
understood, the greater the potential for engaging in a wide range of problem-solving
situations and for developing mathematical understanding.

Without access to a knowledge base that enables easy recall of the language and basic
facts and conventions of number, symbolic representation, and spatial relations, students
would find purposeful mathematical thinking impossible. Facts encompass the factual
knowledge that provides the basic language of mathematics, and the essential mathematical
facts and properties that form the foundation for mathematical thought.

Procedures form a bridge between more basic knowledge and the use of mathematics
for solving routine problems, especially those encountered by many people in their daily
lives. In essence a fluent use of procedures entails recall of sets of actions and how to carry
them out. Students need to be efficient and accurate in using a variety of computational
procedures and tools. They need to see that particular procedures can be used to solve entire
classes of problems, not just individual problems.
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Knowledge of concepts enables students to make connections between elements of
knowledge that, at best, would otherwise be retained as isolated facts. It allows them to make
extensions beyond their existing knowledge, judge the validity of mathematical statements
and methods, and create mathematical representations.

1. Recall Recall definitions; terminology; number properties; geometric
properties; and notation (e.g.,ax b =ab,a +a+a = 3a).

2. Recognize Recognize mathematical objects, e.g., shapes, numbers,
expressions, and quantities. Recognize mathematical entities that
are mathematically equivalent (e.g., equivalent familiar fractions,
decimals and percents; different orientations of simple geometric
figures).

3. Compute Carry out algorithmic procedures for +, —, X, =, or a combination
of these with whole numbers, fractions, decimals and integers.
Approximate numbers to estimate computations. Carry out
routine algebraic procedures.

4.  Retrieve Retrieve information from graphs, tables, or other sources; read
simple scales.

5. Measure Use measuring instruments; choose appropriate units of
measurement.

6. Classify/Order  Classify/group objects, shapes, numbers, and expressions
according to common properties; make correct decisions about
class membership; and order numbers and objects by attributes.

Applying

The applying domain involves the application of mathematical tools in a range of
contexts. The facts, concepts, and procedures will often be very familiar to the student, with
the problems being routine ones. In some items aligned with this domain, students need to
apply mathematical knowledge of facts, skills, and procedures or understanding of
mathematical concepts to create representations. Representation of ideas forms the core of
mathematical thinking and communication, and the ability to create equivalent representations
is fundamental to success in the subject.

Problem solving is central to the applying domain, but the problem settings are more
routine than those aligned with the reasoning domain, being rooted firmly in the implemented
curriculum. The routine problems will typically have been standard in classroom exercises
designed to provide practice in particular methods or techniques. Some of these problems will
have been in words that set the problem situation in a quasi-real context. Though they range
in difficulty, each of these types of “textbook™ problems is expected to be sufficiently familiar
to students that they will essentially involve selecting and applying learned facts, concepts,
and procedures.
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Problems may be set in real-life situations, or may be concerned with purely
mathematical questions involving, for example, numeric or algebraic expressions, functions,
equations, geometric figures, or statistical data sets. Therefore, problem solving is included
not only in the applying domain, with emphasis on the more familiar and routine tasks, but
also in the reasoning domain.

1.  Select Select an efficient/appropriate operation, method, or strategy for
solving problems where there is a known procedure, algorithm,
or method of solution.

2.  Represent Display mathematical information and data in diagrams, tables,
charts, or graphs, and generate equivalent representations for a
given mathematical entity or relationship.

3. Model Generate an appropriate model, such as an equation, geometric
figure, or diagram for solving a routine problem.

4.  Implement Implement a set of mathematical instructions (e.g., draw shapes
and diagrams to given specifications).

5. Solve Routine Solve standard problems similar to those encountered in class.
Problems The problems can be in familiar contexts or purely mathematical.
Reasoning

Reasoning mathematically involves the capacity for logical, systematic thinking. It
includes intuitive and inductive reasoning based on patterns and regularities that can be used
to arrive at solutions to non-routine problems. Non-routine problems are problems that are
very likely to be unfamiliar to students. They make cognitive demands over and above those
needed for solution of routine problems, even when the knowledge and skills required for
their solution have been learned. Non-routine problems may be purely mathematical or may
have real-life settings. Both types of items involve transfer of knowledge and skills to new
situations, and interactions among reasoning skills are usually a feature. Problems requiring
reasoning may do so in different ways, because of the novelty of the context or the
complexity of the situation, or because any solution to the problem must involve several steps,
perhaps drawing on knowledge and understanding from different areas of mathematics.

Even though of the many behaviors listed within the reasoning domain are those that
may be drawn on in thinking about and solving novel or complex problems, each by itself
represents a valuable outcome of mathematics education, with the potential to influence
learners’ thinking more generally. For example, reasoning involves the ability to observe and
make conjectures. It also involves making logical deductions based on specific assumptions
and rules, and justifying results.



Analyze Determine, describe, or use relationships between variables or
objects in mathematical situations, and make valid inferences
from given information.

Generalize/ Extend the domain to which the result of mathematical thinking

Specialize and problem solving is applicable by restating results in more
general and more widely applicable terms

Integrate/ Make connections between different elements of knowledge and

Synthesize related representations, and make linkages

between related mathematical ideas. Combine mathematical
facts, concepts, and procedures to establish results, and combine
results to produce a further result.

Justify Provide a justification by reference to known mathematical
results or properties.

Solve Solve problems set in mathematical or real life contexts where

Non-routine students are unlikely to have encountered closely similar items,

Problems and apply mathematical facts, concepts, and procedures in

unfamiliar or complex contexts
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7-2 TIMSS 2011 Science Framework

7-2-1 Science Content Domains — Eighth Grade

Four major content domains—biology, chemistry, physics, and earth science—define
the science content covered in the eighth-grade assessment. It is important to note, however,
that in an international assessment such as TIMSS the organization of science topics into
these domains does not correspond to the structure of science instruction in all countries. In
many countries, for example, science is taught as general science or integrated science
whereas in others, science is taught as separate subjects such as biology, physics, and
chemistry.

Additionally, some of the topics included in the TIMSS 2011 Science Framework may
in some countries be taught in other courses, such as health education, social studies, or
geography. The content domains are shown in Exhibit 8 together with the target percentage
devoted to each domain.

Document 1: Target Percentages of the TIMSS 2011 Science Assessment Devoted to
Content Domains at Eighth Grade

Eighth-Grade content Domains Percentages

Biology 35%
Chemistry 20%
Physics 25%
Earth Science 20%

Each content domain has several main topic areas; each of which is presented as a list of
objectives covered in the science curriculum in the majority of participating countries. The
sections below describe each of the science content domains, give an overview of the topic
areas to be covered in each domain, and provide a set of assessment objectives for each topic
area. These objectives are written in terms of behaviors to be elicited by items that exemplify
the understandings and abilities expected of students at eighth grade.

Biology

Biology includes students’ understandings of the structure, life processes, diversity, and
interdependence of living organisms.
Characteristics, classification, and life processes of organisms
Cells and their functions
Life cycles, reproduction, and heredity
Diversity, adaptation, and natural selection
Ecosystems
Human health

Eighth-grade students are expected to be able to state the defining characteristics of
major taxonomic groups and classify organisms according to these characteristics. They
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should also be able to locate major organs in the human body and relate the structure and
function of organs and organ systems to basic biological processes.

Students should have a beginning understanding of cells and their function, as
evidenced by their ability to describe cellular make up and to identify cell structures and relate
them to their function. They also should be able to explain how certain biological processes
such as photosynthesis and respiration are necessary to sustain life.

Students are expected to be able to distinguish between growth and development in
different organisms. They also should be able to compare sexual and asexual reproduction in
terms of biological processes at the cellular level, including ideas about heredity that involve
the passing of genetic material from parent(s) to offspring.

Some understanding of diversity, adaptation, and natural selection among organisms is
expected of eighth-grade students. They should have an appreciation of modern species in
terms of similarity of characteristics and reproduction capabilities in a population of related
organisms. They also should be able to relate diversity of characteristics to the survival or
extinction of species in changing environments. Students are expected to start considering
evidence for the history and changes in Earth’s life forms over time by the comparison of
living species and fossil records.

The study of ecosystems is essential to understanding the interdependence of living
organisms and their relationship to the physical environment. At the eighth grade, students are
expected to show introductory level understanding of the interdependence between
populations of organisms that maintains balance in an ecosystem. They are expected to
represent the flow of energy in an ecosystem, recognize the role of organisms in the cycling
of materials, and predict the effects of changes in ecosystems. The effect of human activity on
ecosystems is an important aspect of understanding the interdependence of living organisms
and the environment.

Eighth-grade students are expected to demonstrate knowledge of human health,
nutrition, and disease. They should know some causes of disease, communicate knowledge
about the mechanisms of infection and transmission, and know the importance of the immune
system. They also should be able to describe the role of specific nutrients in the functioning of
the human body.

Biology: Characteristics, Classification, and Life Processes of Organisms

1.  State the defining characteristics that differentiate among the major taxonomic
groups and organisms within these groups; classify organisms on the basis of a
variety of physical characteristics.

2. Locate major organs in the human body; identify the components of organ
systems; explain the role of organs and organ systems in sustaining life (e.g.,
circulatory, respiratory); compare and contrast organs and organ systems in
humans and other organisms.

3. Explain how biological actions in response to external and internal changes work
to maintain stable bodily conditions (e.g., sweating in heat, shivering in cold,
increased heart rate during exercise).
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Biology: Cells and Their Functions

1.

Explain that living things are made of cells that carry out life functions and
undergo cell division, and that tissues, organs, and organ systems are formed from
groups of cells with specialized structures and functions; identify cell structures
and some functions of cell organelles (e.g., cell wall, cell membrane, nucleus,
chloroplast, vacuole); compare plant and animal cells.

Describe the processes of photosynthesis (the need for light, carbon dioxide,
water, and chlorophyll; production of food; and release of oxygen) and cellular
respiration (the need for oxygen, breaking down of food to produce energy, and
release of carbon dioxide).

Biology: Life Cycles, Reproduction, and Heredity

1.

2.

Compare and contrast how different organisms (e.g., humans, plants, birds,
insects) grow and develop.

Compare and contrast asexual and sexual reproduction in general terms (e.g.,
sexual reproduction producing identical offspring versus sexual reproduction—
egg and sperm—producing offspring that are similar but not identical to either
parent).

Relate the inheritance of traits to organisms passing on genetic material to their
offspring; distinguish inherited characteristics from acquired or learned
characteristics.

Biology: Diversity, Adaptation, and Natural Selection

1.

Relate the survival or extinction of species to variation in physical/behavioral
characteristics in a population and reproductive success in a changing
environment.

Recognize that fossils provide evidence for the relative length of time major
groups of organisms have existed on Earth (e.g., humans, reptiles, fish, plants);
describe how similarities and differences among living species and fossils provide
evidence of the changes that occur in living things over time.

Biology: Ecosystems

1.

Describe the flow of energy in an ecosystem; identify different organisms as
producers, consumers, and decomposers; draw or interpret food pyramids or food
web diagrams.

Describe the role of living things in the cycling of elements and compounds (e.g.,
oxygen, carbon, water) through Earth’s surface and the environment.

Explain the interdependence of populations of organisms in an ecosystem in terms
of the effects of competition and predation.

Identify factors that can limit population size (e.g., disease, predators, food
resources, drought); predict effects of changes in an ecosystem (e.g., climate,
water supply, population changes, migration) on the available resources and the
balance among populations.

Recognize that the world’s human population is growing and identify reasons why
(e.g., advances in medicine, sanitation); discuss the effects of population growth
on the environment.
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Biology: Human Health

1.  Describe causes of common diseases (e.g., influenza, measles, strep throat,
malaria, HIV), methods of infection or transmission, prevention, and the
importance of the body’s resistance (immunity) and healing capabilities.

2. Explain the importance of diet, exercise, and lifestyle in maintaining health and
preventing illness (e.g., heart disease, high blood pressure, diabetes, skin cancer,
lung cancer); identify the dietary sources and role of nutrients in a healthy diet
(vitamins, minerals, proteins, carbohydrates, fats).

Chemistry
In the area of chemistry, students will be assessed on their understanding of concepts
related to the following topic areas:
e Classification and composition of matter
e Properties of matter
e Chemical change

At the eighth grade, students should be able to classify substances on the basis of
characteristic physical properties and recognize that substances can be grouped according to
similar chemical and physical properties. They are expected to differentiate between elements,
compounds, and mixtures in terms of their composition. They also are expected to have a
beginning understanding of the particulate structure of matter in terms of atoms and
molecules.

Students should have a clear understanding of the properties of matter. They should
describe methods of separating mixtures based on their physical properties, define solutions,
and recognize the factors that affect the rate at which materials dissolve. Students also are
expected to demonstrate knowledge of some properties and uses of metals and water, and be
able to compare properties of acids and bases.

In the area of chemical change, students are expected to recognize the differences
between physical and chemical changes and demonstrate basic knowledge of conservation of
matter during these changes. In addition, they should be able to identify common reactions
that release or absorb heat. Students also are expected to recognize the need for oxygen in
rusting, tarnishing, and burning and the relative tendency of familiar substances to undergo
these types of reactions.

Chemistry: Classification and Composition of Matter

1.  Classify or compare substances on the basis of characteristic physical properties
that can be demonstrated or measured (e.g., density, thermal or electrical
conductivity, solubility, melting or boiling point, magnetic properties).

2.  Recognize that substances may be grouped according to similar chemical and
physical properties; describe properties of metals that distinguish them from
nonmetals.

3. Differentiate between pure substances (elements and compounds) and mixtures
(homogeneous and heterogeneous) on the basis of their formation and
composition, and provide or identify examples of each (may be solid, liquid, or
gas).

4.  Describe the structure of matter in terms of particles, including molecules as
combinations of atoms (e.g., H20, 02, CO2 ) and atoms as composed of
subatomic particles (electrons surrounding a nucleus containing protons and
neutrons).
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Chemistry: Properties of Matter

1.

Select or describe physical methods for separating  mixtures into their
components (e.g., filtration, distillation, dissolution); define solutions in terms of
substance(s)(solid, liquid, or gas solutes) dissolved in a solvent; relate
concentration to the amounts of solute or solvent; explain the effect of factors
such as temperature, stirring, and particle size on the rate at which materials
dissolve.

Relate the behavior and uses of water to its physical properties (e.g., melting point
and boiling point, ability to dissolve many substances, thermal properties,
expansion upon freezing).

Compare the properties of common acids and bases (acids have a sour taste and
react with metals; bases usually have a bitter taste and slippery feel; strong acids
and bases are corrosive; both acids and bases dissolve in water and react with
indicators to produce different color changes; acids and bases neutralize each
other).

Chemistry: Chemical Change

1.

Physics

Differentiate chemical from physical changes in terms of the transformation
(reaction) of one or more pure substances (reactants) into different pure
substances (products); provide evidence that a chemical change has taken place
based on common examples (e.g., temperature change, gas production, color
change, light emission).

Recognize that mass is conserved during chemical change; recognize that some
chemical reactions release energy (e.g., heat, light) while others absorb it; classify
familiar chemical changes as either releasing or absorbing heat (e.g., burning,
neutralization, cooking).

Recognize that oxygen is needed in common oxidation reactions (combustion,
rusting, tarnishing); relate its importance to fire safety and preservation of metal
objects (coins, cars, cookware, statues); order familiar substances by how readily
they burn, rust, or tarnish.

In physics, students’ understandings of concepts related to physical processes and energy will
be assessed in the following topic areas:

Physical states and changes in matter

Energy transformations, heat, and temperature
Light and sound

Electricity and magnetism

Forces and motion

Eighth-grade students should be able to describe processes involved in changes of state
and begin to relate the states of matter to the distance and movement among particles. They
also should be able to demonstrate understanding that mass is conserved during physical
changes. Concepts related to energy transformations, heat, and temperature also are assessed
at the eighth-grade level. Students are expected to be able to identify different forms of
energy, describe simple energy transformations, and apply the principle of conservation of
total energy in practical situations. Students also are expected to relate heating to transfer of
energy, and to relate temperature changes to changes in the speed of particles.
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Students at the eighth grade are expected to know some basic properties of light and its
interaction with matter; to use simple geometrical optics to solve practical problems; and to
relate the appearance and color of objects to light properties. Students also are expected to
recognize the characteristics of sound and some of its properties. In the area of electricity and
magnetism, assessment of students’ understandings of electricity includes current flow in
complete circuits, simple circuit diagrams, and the relationship between current and voltage in
circuits. They also are expected to be able to describe properties, forces, and uses of
permanent magnets and electromagnets.

Students are expected to be able to describe general types of forces, and predict
changes in the motion of an object based on the forces acting upon it. They also should
demonstrate common sense understanding of density and pressure as they relate to familiar
physical phenomena, although more formalized knowledge is not expected. Students also are
expected to have a basic knowledge of work and simple machines.

Physics: Physical States and Changes in Matter

1.  Apply knowledge about the movement of and distance between particles to
explain the physical properties of solids, liquids, and gases (volume, shape,
density, compressibility).

2.  Describe melting, freezing, boiling, evaporation, and condensation as changes of
state resulting from heating and cooling; relate the rate or extent of these
processes to physical factors (e.g., surface area, dissolved substances,
temperature); recognize that temperature remains constant during changes of
state; explain that mass remains constant during physical changes (e.g., change of
state, dissolving solids, thermal expansion).

Physics: Energy Transformations, Heat, and Temperature

1. Identify different forms of energy (e.g., mechanical, light, sound, electrical,
thermal, chemical); describe simple energy transformations (e.g., combustion in
an engine to move a car, electrical energy to power a lamp, light energy to
chemical energy in photosynthesis, hydroelectric power, changes between
potential and kinetic energy); and apply knowledge of the concept of conservation
of total energy.

2.  Relate heating to the transfer of energy from an object at a higher temperature to
one at a lower temperature; compare the relative thermal conductivity of different
materials; compare and contrast methods of heat transfer (conduction, convection,
and radiation).

3.  Relate temperature changes to changes in volume and/or pressure and to changes
in the speed of particles.

Physics: Light and Sound

1. Describe or identify basic properties of light (e.g., transmission through different
media; speed of light; reflection, refraction, absorption; splitting of white light
into its component colors); relate the appearance or color of objects to the
properties of reflected or absorbed light; solve practical problems involving the
reflection of light from plane mirrors and the formation of shadows; interpret
simple ray diagrams to identify the path of light and locate reflected or projected
images using lenses.
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Recognize the characteristics of sound (loudness, pitch, amplitude, frequency);
describe or identify some basic properties of sound (need for a medium for
transmission, reflection and absorption by surfaces, and relative speed through
different media).

Physics: Electricity and Magnetism

1.

Describe the flow of current in an electrical circuit; draw or identify diagrams
representing complete circuits (series and parallel); classify materials as electrical
conductors or insulators; describe factors that affect currents in circuits; recognize
that there is a relationship between current and voltage in a circuit.

Describe the properties of permanent magnets and electromagnets and the effects
of magnetic force; describe uses of permanent magnets and electromagnets in
everyday life (e.g., doorbell, recycling factories).

Physics: Forces and Motion

1.

Describe the motion (uniform and non-uniform) of an object in terms of its
position, direction, and speed; describe general types of forces (e.g., weight as a
force due to gravity, contact force, buoyant force, friction); predict changes in
motion (if any) of an object based on the forces acting on it.

Explain observable physical phenomena in terms of density differences (e.g.,
floating or sinking objects, rising balloons).

Demonstrate basic knowledge of work and the function of simple machines (e.g.,
levers and ramps) using common examples.

Explain pressure in terms of force and area; describe effects related to pressure
(e.g., atmospheric pressure as a function of altitude, ocean pressure as a function
of depth, evidence of gas pressure in balloons, fluid levels).

Earth Science

Earth science is concerned with the study of Earth and its place in the solar system and
the universe. Topics covered in the teaching and learning of earth science draw on the fields
of geology, astronomy, meteorology, hydrology, and oceanography, and are related to
concepts in biology, physics, and chemistry. Although separate courses in earth science
covering all of these topics are not taught in all countries, it is expected that understandings
related to earth science topic areas will have been included in a science curriculum covering
the physical and life sciences or in separate courses such as geography and geology.

While there is no single picture of what constitutes an earth science curriculum that
applies to all countries, the TIMSS 2011 Science Framework identifies the following topic
areas that are universally considered to be important for students at the eighth grade to
understand about the planet on which they live and its place in the universe:

e Earth’s structure and physical features

e Earth’s processes, cycles, and history

e Earth’s resources, their use and conservation
e Earth in the solar system and the universe

Eighth-grade students are expected to have some general knowledge about the structure
and physical features of Earth. They are expected to demonstrate knowledge of the structure
and physical characteristics of Earth’s crust, mantle, and core, and to describe the distribution
of water on Earth, including its physical state, composition, and movement. Students are
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expected to be familiar with the relative abundance of the main components of air, and with
changes in atmospheric conditions in relation to altitude.

In the area of Earth’s processes, cycles, and history, students should provide
descriptions based on the concept of cycles and patterns. In particular, they should be able to
describe in words or diagrams the rock and water cycle. Students are expected to have a sense
of the magnitude of time scales, and to describe some physical processes and geological
events that have taken place on Earth over billions of years. Students also are expected to
interpret and use data or maps relating global and local factors to weather patterns, and to
differentiate between daily weather changes and general climate in various regions of the
world.

Students should be able to demonstrate knowledge of Earth’s resources and their use
and conservation by providing examples of renewable and nonrenewable resources,
describing methods of conservation and recycling, relating common methods of agriculture
and land use to land resources, and discussing the factors related to the supply and demand of
fresh water.

Eighth-grade students are expected to have some knowledge of the solar system in
terms of the relative distances, sizes, and motions of the Sun, the planets, and their moons,
and of how phenomena on Earth relate to the motion of bodies in the solar system. Students
also are expected to compare the physical features of Earth, the moon, and the other planets
with respect to their ability to support life.

Earth Science: Earth’s Structure and Physical Features

1.  Describe the structure and physical characteristics of Earth’s crust, mantle, and
core as provided by observable phenomena (e.g., earthquakes, volcanoes);
describe the characteristics and uses of rocks, minerals, and soils; describe the
formation of soils.

2.  Compare the physical state, movement, composition and relative distribution of
water on Earth.

3. Recognize that Earth’s atmosphere is a mixture of gases, and identify the relative
abundance of its main components; relate changes in atmospheric conditions to
altitude.

Earth Science: Earth’s Processes, Cycles, and History

1.  Describe the general processes involved in the rock cycle; identify or describe
physical processes and major geological events that have occurred over millions
of years (e.g., erosion, volcanic activity, mountain building, plate movement);
explain the formation of fossils and fossil fuels.

2.  Diagram or describe the processes in Earth’s water cycle, referencing the Sun as
the source of energy; and the role of cloud movement and water flow in the
circulation and renewal of fresh water on Earth’s surface.

3. Compare seasonal climates in relation to latitude, altitude and geography; identify
or describe causes of long- and shortterm climatic changes (e.g., ice ages, global
warming, volcanic eruptions, changes in ocean currents); interpret weather
data/maps, and relate changing weather patterns to global and local factors in
terms of such factors as temperature, pressure, precipitation, and wind speed and
direction.



Earth Science: Earth’s Resources, Their Use and Conservation

1. Provide examples of renewable and nonrenewable resources; discuss advantages and
disadvantages of different energy sources; describe methods of conservation of
resources and methods of waste management (e.g., recycling); relate some
environmental concerns to their possible causes and effects (e.g., pollution, global
warming, deforestation, desertification); present ways in which science, technology,
and human behavior can be used to address these concerns.

2. Explain how common methods of agriculture and land use (e.g., farming, tree
harvesting, mining) can affect land resources; describe how fresh water is obtained
(e.g., purification, desalination, irrigation); explain the importance of water
conservation.

Earth Science: Earth in the Solar System and the Universe

1. Explain phenomena on Earth (day and night, year, seasons in the northern and
southern hemisphere, tides, phases of the moon, eclipses, appearance of the Sun,
moon, planets, and constellations) in terms of the relative movements, distances, and
sizes of Earth, the moon, and other bodies in and outside the solar system.

2. Compare and contrast the physical features of Earth with the moon and other planets
(e.g., atmosphere, temperature, water, distance from the Sun, period of revolution and
rotation, ability to support life); recognize the role of gravity in the solar system (e.g.,
tides, keeping the planets and moons in orbit, pulling us to Earth’s surface).
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7-2-2 Science Cognitive Domains — Eighth Grades

To respond correctly to TIMSS test items, students need to be familiar with the science
content being assessed, but they also need to draw on a range of cognitive skills. Describing
these skills plays a crucial role in the development of an assessment like TIMSS 2011, since
they are vital in ensuring that the survey covers the appropriate range of cognitive skills
across the content domains already outlined.

This section outlines the skills and abilities associated with the cognitive dimension.

The cognitive dimension is divided into three domains based on what students have to
know and do when confronting the various items developed for the TIMSS 2011 assessment.
The first domain, knowing, covers science facts, procedures, and concepts students need to
know, while the second domain, applying, focuses on the ability of the student to apply
knowledge and conceptual understanding to a science problem. The third domain, reasoning,
goes beyond the solution of routine science problems to encompass unfamiliar situations,
complex contexts, and multi-step problems.

Document 2 shows the % of items in the different cognitive domain for eighth grades,
each content domain will include items developed to address each of the three cognitive
domains. For example, the life science content domain will include knowing, applying, and
reasoning items, as will the other content domains.

Document 2: Target Percentages of the TIMSS 2011 Science Assessment Devoted to
Cognitive Domains at Fourth and Eighth Grades

Cognitive Domains Percentages

Eighth Grade

Knowing 35%
Applying 35%
Reasoning 30%

While some hierarchy is imposed in the division of behaviors into the three cognitive
domains, a range of difficulty levels is expected for items developed for each of the cognitive
domains. The following sections further describe the student skills and abilities defining the
cognitive domains. The general descriptions are followed by lists of specific behaviors to be
elicited by items that are aligned with each domain.
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Knowing

Knowing refers to students’ knowledge base of science facts, information, concepts,
and tools. Accurate and broad-based factual knowledge enables students to engage
successfully in the more complex cognitive activities essential to the scientific enterprise.

Students are expected to recall or recognize accurate science statements; possess
knowledge of vocabulary, facts, information, symbols, and units; and select appropriate
apparatus, equipment, measurement devices, and experimental operations to use in
conducting investigations. This cognitive domain also includes the Selection of illustrative
examples in support of statements of facts or concepts.

1. Recall/ Make or identify accurate statements about science facts, relationships,
Recognize processes, and concepts; identify the characteristics or properties of
specific organisms, materials, and processes.

2. Define 2 Provide or identify definitions of scientific terms; recognize and use
scientific vocabulary, symbols, abbreviations, units, and scales in
relevant contexts.

3. Describe 3 Describe organisms, physical materials, and science processes that
demonstrate knowledge of properties, structure, function, and
relationships.

4, Illustrate with Support or clarify statements of facts or concepts with appropriate

Examples examples; identify or provide specific examples to illustrate knowledge
of general concepts.

5. Demonstrate Demonstrate knowledge of how to use science apparatus, equipment,
Knowledge tools, measurement devices, and scales.
of Scientific
Instruments

Applying

The questions in this cognitive domain are designed to involve the direct application of
knowledge and understanding of science in straightforward situations. To measure applying,
TIMSS 2011 will include items that require students to compare, contrast, and classify; to
interpret scientific information in light of a science concept or principle; and to use and apply
their understanding of science concepts and principles to find a solution or develop an
explanation. Items aligned with this cognitive domain may also involve the direct application
or demonstration of relationships, equations, and formulas in contexts likely to be familiar in
the teaching and learning of science concepts. Both quantitative problems requiring a
numerical solution and qualitative problems requiring a written descriptive response are
included. In providing explanations, students should be able to use diagrams or models to
illustrate structures and relationships and demonstrate knowledge of scientific concepts.
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1. Compare/ Identify or describe similarities and differences between groups of
Contrast/ organisms, materials, or processes; distinguish, classify, or order

individual objects, materials, organisms, and processes based on given

ClERsigy characteristics and properties.

2. Use Models Use a diagram or model to demonstrate understanding of a science
concept, structure, relationship, process, or biological or physical
system or cycle (e.g., food web, electrical circuit, water cycle, solar
system, atomic structure).

3. Relate Relate knowledge of an underlying biological or physical concept to
an observed or inferred property, behavior, or use of objects,
organisms, or materials.

4, Interpret Interpret relevant textual, tabular, or graphical information in light of a

Information science concept or principle

5. Find Solutions Identify or use a science relationship, equation, or formula to find a
qualitative or quantitative solution involving the direct
application/demonstration of a concept.

6. Explain Provide or identify an explanation for an observation or natural
phenomenon, demonstrating understanding of the underlying science
concept, principle, law, or theory

Reasoning

Reasoning is involved in the more complex tasks related to science. A major purpose of
science education is to prepare students to engage in scientific reasoning to solve problems,
develop explanations, draw conclusions, make decisions, and extend their knowledge to new
situations. In addition to the more direct applications of science concepts exemplified in the
applying domain, some problem solving situations involve unfamiliar or more complicated
contexts that require students to reason from scientific principles to provide an answer.
Solutions may involve breaking down a problem into component parts, each involving the
application of a science concept or relationship. Students may be required to analyze a
problem to determine what underlying principles are involved; devise and explain strategies
for problem solving; select and apply appropriate equations, formulas, relationships, or
analytical techniques; and evaluate their solutions. Correct solutions to such problems may
stem from a variety of approaches or strategies, and developing the ability to consider
alternative strategies is an important educational goal in the teaching and learning of science.

Students may be required to draw conclusions from scientific data and facts, providing
evidence of both inductive and deductive reasoning and of an understanding of the
investigation of cause and effect. They are expected to evaluate and make decisions, weigh
advantages and disadvantages of alternative materials and processes, consider the impact of
different scientific endeavors, and evaluate solutions to problems. By the eighth grade, in
particular, students should consider and evaluate alternative explanations, extend conclusions
to new situations, and justify explanations based on evidence and scientific understanding.
Considerable scientific reasoning also is involved in developing hypotheses and designing
scientific investigations to test them, and in analyzing and interpreting data. Abilities in this
area are introduced at a very basic level in primary school and then further developed
throughout students’ science education in middle and secondary school.



of science.
1.  Analyze
2. Integrate/
Synthesize
3. Hypothesize/
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Some items in this cognitive domain may focus on unified concepts and major
conceptual themes, requiring students to bring together knowledge and understanding from
different areas and apply it to new situations. As such, they may involve the integration of
mathematics and science and/or the integration and synthesis of concepts across the domains

Predict

Evaluate

Analyze problems to determine the relevant relationships, concepts,
and problem-solving steps; develop and explain problem-solving
strategies

Provide solutions to problems that require consideration of a number of
different factors or related concepts; make associations or connections
between concepts in different areas of science; demonstrate
understanding of unified concepts and themes across the domains of
science; integrate mathematical concepts or procedures in the solutions
to science problems.

Combine knowledge of science concepts with information from
experience or observation to formulate questions that can be answered
by investigation; formulate hypotheses as testable assumptions using
knowledge from observation and/or analysis of scientific information
and conceptual understanding; make predictions about the effects of
changes in biological or physical conditions in light of evidence and
scientific understanding

Design or plan investigations appropriate for answering scientific
questions or testing hypotheses; describe or recognize the
characteristics of well-designed investigations in terms of variables to
be measured and controlled and cause and- effect relationships; make
decisions about measurements or procedures to use in conducting
investigations.

Detect patterns in data, describe or summarize data trends, and
interpolate or extrapolate from data or given information; make valid
inferences on the basis of evidence and/or understanding of science
concepts; draw appropriate conclusions that address questions or
hypotheses, and demonstrate understanding of cause and effect.

Make general conclusions that go beyond the experimental or given
conditions, and apply conclusions to new situations; determine general
formulas for expressing physical relationships.

Weigh advantages and disadvantages to make decisions about
alternative processes, materials, and sources; consider scientific and
social factors to evaluate the impact of science and technology on
biological and physical systems; evaluate alternative explanations and
problem-solving strategies and solutions; evaluate results of
investigations with respect to sufficiency of data to support
conclusions.

Use evidence and scientific understanding to justify explanations and
problem solutions; construct arguments to support the reasonableness
of solutions to problems, conclusions from investigations, or scientific
explanations.
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Scientific Inquiry in TIMSS 2011

In the TIMSS 2011 Science Framework, the processes of scientific inquiry are accepted
as fundamental aspects of scientific knowledge inherent in all fields of science and having
both content- and skills based components. Items and tasks assessing these processes require
students to demonstrate knowledge of the tools and methods necessary to do science, to apply
this knowledge to engage in scientific investigations, and to use scientific understanding to
propose explanations based on evidence. In TIMSS, such items are not considered to be
context-free, but always are situated in the context of content objectives (biology, chemistry,
etc.) and draw from the full range of skills and behaviors specified in the cognitive domains.

It is expected that students at both grade levels will possess some general knowledge of
the nature of science and scientific inquiry, including the fact that scientific knowledge is
subject to change, the importance of using different types of scientific investigations in
verifying scientific knowledge, the use of basic “scientific methods”, communication of
results, and the interaction of science, mathematics, and technology. In addition to this
general knowledge, students are expected to demonstrate the skills and abilities involved in
five major aspects of the scientific inquiry process:

e Formulating questions and hypotheses
Designing investigations
Representing data
Analyzing and interpreting data
Drawing conclusions and developing explanations

These aspects of scientific inquiry are appropriate for both fourth- and eighth-grade
students, but the understandings and abilities to be demonstrated increase in complexity
across grades, reflecting the cognitive development of students.

The learning of science in the fourth grade is focused on observing and describing and
students at this level are expected to be able to formulate questions that can be answered
based on observations or information obtained about the natural world. To obtain evidence to
answer these questions, they should demonstrate a grasp of what constitutes a “fair test”, and
be able to describe and conduct an investigation based on making systematic observations or
measurements using simple tools, equipment, and procedures.

They also are expected to represent their findings using simple charts and diagrams,
identify simple relationships, and briefly describe the results of their investigations.
Conclusions drawn from investigations at the fourth grade are expected to be written as an
answer to a specific question.

By the eighth grade, students should demonstrate a more formalized approach to
scientific investigation that involves more evaluation and decision-making. They are expected
to be able to formulate a hypothesis or prediction based on observation or scientific
knowledge that can be tested by investigation. They are expected to demonstrate an
understanding of cause and effect and the importance of specifying variables to be controlled
and varied in well-designed investigations. They may also be required to make more decisions
about the measurements to be made and the equipment and procedures to use. In addition,
students at this level are expected to use appropriate terminology, units, precision, format, and
scales. They should also demonstrate more advanced data analysis skills in selecting and
applying appropriate mathematical techniques and describing patterns in data. Eighth-grade
students may be expected to evaluate the results of their investigation with respect to the
sufficiency of their data for supporting conclusions that address the question or hypothesis
under investigation. The assessment of both fourth- and eighth-grade students’ ability to
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provide explanations based on evidence from scientific investigations provides another
measure of their understanding and application of related science concepts. By the eighth
grade, it is expected that students will be able to formulate explanations in terms of cause-
and-effect relationships between variables and in light of scientific understanding. At this
level, students may also begin to consider alternative explanations and apply or extend their
conclusions to new situations.
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Advanced International Benchmark-Example Item
Content Domain: Chemistry
Cognitive Domain: Knowing

Salma put some powder into a test tube. He then added liquid to the powder
and shook the test tube. A chemical reaction took place.

Drescribe two things he might observe as the chemical reaction took place.

. A +eMmpeoratwe change—
I

2. ql.a.:': Puwbles

Description: To receive full credit the students are expected to:
Describe two things that might be observed as a chemical reaction takes place.

That is they will communicate their understanding of an important concept in chemistry, in
this instance by describing the kinds of changes that take place during a chemical reaction.
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Advanced International Benchmark-Example Item ¥
Content Domain:  Physics
Cognitive Domain: Applying

The figure shows a parachute jumper in four positions.

=

_,f'é——:}ﬁ'-:, 1. Inthe aircraft before the jump
= -
~al¢" 2. Infreefall immediately after jumping
before parachute opens

3. Falling to the ground after the
parachute opens

' —/?—Pﬁ 4. On the ground just
@Ji— after landing

In which of the positions does the force of gravity act on the jumper?

(&) Position 2 only.
Positions 2 and 3 only.
(€) Positions 1, 2and 3 only.
@ Positions 1,2,3,and 4.

Description: To receive full credit the student is expected to:
Recognize that the force of gravity acts on a person regardless of position and movement.

They will demonstrate their understanding of a complex, abstract concept in physics by
recognizing that the force of gravity acts on a person regardless of position and movement.
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Advanced International Benchmark-Example ¥

Content Domain:  Earth Science
Cognitive Domain: Reasoning

Two continents are separated by water.

Geologists are looking for evidence that the two continents were once joined.

What fossil evidence would support this idea?

The same. '5%‘4&5 of ik anwmals
afe ‘Fﬂun.d o e Twio wntinents

Description: To receive full credit the student is expected to:

State what fossil evidence would support the idea that two continents were once joined.
That is, they are expected to be able to propose explanations of scientific phenomena based
on evidence. (Fossil evidence to support the idea that two continents were once joined).
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High International Benchmark-Example Item
Content Domain: Physics
Cognitive Domain: Knowing

What happens to the molecules of a liquid when the liquid cools?

@ Theyslow down.

They speed up.

(€) They decrease in number.
(D) They decrease in size.

Description: To receive full credit the student is expected to:
Recognizes what happens to molecules of a liquid as the liquid cools.
That is, they will recognize that molecules of a liquid slow down as the liquid cools.
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High International Benchmark-Example Item ¥
Content Domain: Chemistry
Cognitive Domain:  Reasoning

Samer is given a samiple of an unknown solid substance. He wants to know if the
substance is a metal. Write down one property he can observe or measure and

describe how this property could be used to help identify whether the substance
is a metal.

Mekals conducr electric 1,1 _

He. would make a siple, 2lectrilal CArLuLT
witth Yo sample, @ batier Y e & g T
budle. 1§ Hhe bulls Figntbs when

u.m“w\{‘%’r-.}f‘ﬁ 1S connecttd (orfelriy e

Sample, TS o Cloalely Ametal
|

Description: To receive full credit the students are expected to:

Identify a property of metals and describes how this property can be used to determine
whether an unknown substance is a metal or nonmetal.
That is, they illustrate an item in the chemistry domain that requires reasoning. They are
asked to identify a property of metals and describe how this property could be used to
determine whether an unknown substance is a metal or a nonmetal.
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High International Benchmark-Example Item ¥
Content Domain: Earth Science

Cognitive Domain:  Applying
Tiger Island
Cub Bay
50 200
100 250 3gq
150 250 X
200

The diagram above shows a topographic map of Tiger Island. The lines on the
map are contour lines that connect points at the same elevation. The elevations
shown are in meters.

mountain

A. What geographical feature is found at point X? JLDF

Description: To receive full credit the students are expected to:

Interpret a contour map to recognize a topographical representation of a mountain top.

That is they will illustrate a competency typical to students reaching the eighth grade high

international benchmark—interpreting information appearing in various types of diagrams
(In this case, a contour map).
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Intermediate International Benchmark-Example Item
Content Domain: Earth Science
Cognitive Domain:  Applying

The following five statements describe processes involved in the water cycle.
Water evaporation from the sea is identified as a first step in the water cycle.

Number the other statements 2 through 5 in the order in which these processes
take place.

i Water vapor rises in warm air.

_ % Water travels along a river to the sea.

_ 1 Water evaporates from the sea.

_o3  Water vapor is cooled and forms clouds.

_i-f_ Clouds move and water falls on land as rain.

Description: To receive full credit the students are expected to:

Given a starting point, orders the processes involved in the water cycle.

That is, they demonstrate an elementary understanding of Earth’s processes. It presents an
item in the earth science domain which requires students to apply their understanding of the
processes of the water cycle.
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Intermediate International Benchmark-Example Item ¥
Content Domain: Biology
Cognitive Domain:  Reasoning

John measures his pulse rate before he exercises. It is 70 beats per minute. He
exercises for one minute and measures his pulse rate again. He then measures it
every minute for several minutes. He draws a graph to show his results.

eEise
—_————

140
120

g
e

Pulse Rate
{beats/minute)
=
-+ -
-

a 1 2 3 - 4 5 &
Time (minutes)

What can be concluded from his results?

(&) His pulse rate increased by 50 beats per minute.

His pulse rate took less time to slow down than to increase.
(C) His pulse rate after 4 minutes was 80 beats per minute.
@

His pulse rate returned to normal in less than & minutes.

Description: To receive full credit the students are expected to:
Interpret a graph showing changes in pulse rates before, during, and after exercise and
recognize what can be concluded from the data represented by a graph.
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Low International Benchmark-Example Item
Content Domain: Biology
Cognitive Domain:  Applying

Twins are born. One is a boy and one is a girl.

Which statement is correct about their genetic makeup?

(&) The boy and girl inherit genetic material from the father anly.

The boy and girl inherit genetic material from the mother only.
@ The boy and girl inherit genetic material from both parents.
@

The boy inherits genetic material from the father only and the girl inherits
it from the mother only.

Description: To receive full credit the students are expected to:

Recognize that genetic material is inherited from both parents.

That is, they are asked to recognize the basic biological fact that genetic material is inherited from
both parents.
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Low International Benchmark-Example Item ¥
Content Domain: Chemistry
Cognitive Domain: Knowing

What is the chemical formula for carbon dioxide?

® CO
® Co,
@C

© O

Description: To receive full credit the students are expected to:

Recognize the chemical formula of carbon dioxide.
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"There is growing evidence that teacher preparation is a powerful predictor of
students’ achievement, perhaps even overcoming socioeconomic and language

background factors" (Darling-Hammond, 2000).
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"In addition to the importance of a college or university degree or advanced
degree, the literature reports widespread agreement that teachers should have solid

mastery of the content in the subject to be taught. For example, in a review of teacher
quality research, Rice (2003) examined the relationship between teachers’ advanced
degrees and student achievement and found a positive relationship between subject-

specific advanced degrees and student achievement in mathematics and in science".

NS

/4

Cig a8l o(Llad) Ly Amalall) Edlall Guadall cDgall Gpadeall oDlia) dpaal L) il

iy o st G el il aleall alad) Cigagy Uail auly Bl @llia of Hle <8 el

Ol bl el Caall 53U Juand <NV axe (2-1-3) atid) 5 A8l o gl ai

abaidl) Laguales clalaial Cuay TIMSS 2011, 4uls b 4S)Liall dgalladl Jally dagpall Jsalls
&b oabainl gl aglall ades 8 Gl (SUg aglall sale 8 oaabaia) o aslel) adad g aglall sole b
asted) e Al dse 3 pabaia) caglall 3l (Sly aglall ala 0k

(%51) Zalladl Jsalls (%63) dpall Jsally (%59) Gl 5335 e AV Lol of W iy
QU 5 %32) 530l agaly cashall alei 8 Gl (K15 aglall 5ale 8 g shaliain) ¢ sales pgaiy
Osalas agaiy ol (AL Luallal) Jsall 3 %285 AS)Liall Ayall Jeall & %21
AL Gp edg A sl e JI) Al W Lashed) aded 8y askell sale 8 o shaliaial
Jsdll & %85 ol & %d) aslall sale b Gy aglall adad 8 shaliain) (jpaes agady
Ol 3 %d) ddbite clalain] (e Gsalae agany 3300 (Laadlall Jsall & %11 5 el

- (Aallad) S5l & %8 5 el sall b %4

t ) ) <yedal ailh Aalall ARl Canny Jpantl) ligie ) Al L

Sy aslall et 8y spaliain) (salan agudiyy ol 52N Joan (AS Uil dypall Jsall i -
eyl Cpdll 330 o (Bl agaly (438) oY) Juanill Jare o aslall sale 8 Gl
ey Gl B2 agdly (434) aslall sale Ay aslall adad 8 alain) el salas
e 3R agaly (426) aslall aidai 8 (s aglall 32l b (alaia) el salas

(421) AT clalaia) Glaal salas

¢



Clpiia 0 — aglal) B Juaadl) — CJBY Juadl

105

atalra (abail) s wlul) (el Ciuall 31 Juand el ara :(2-1-3) Aliaal)

ey .7 £l L]
Lk
¢ ¢ Ty
T T T

Gl

3

B Jeaail) Jans
B (%) rabaia) agalas 5a3430)

]00
gl A Gad OSlgaglaly OSU gagiell ol adlaly gaglaly
CLOLZAY)  agalaal pglally e ol
dy ) el
:"" TYvE O+
- = ad) J g
z”
T'”

£YY £Y1
v
Y A
T T T

AR

gl Bl el OSlgasially OS1 gasialladdal;  adlaly g aglaly

Cilalaiay) aglal) alaty aglally Gl

psadl

B Jeaaill Jana
B (%) abaaia) agales 313020

o)
A AR
T T T

gl Bl el OSlgasially OS1 gasialladdal;  adlaly g aglaly

Cilalaiay) aglal) alaty aglally Gl

psadl

allad) J gl

B Jeaail) Jana
B (%) abaaia) agales S50




spita il — aglall b Juantl — ettt Juait) $106

astall 8 o oualiaitl ¢salae agaiyy ol SN of bl chpelal (S i) dpallall Jsal) b @
Glaal aden aguiny 530 Ty 3)li aels  (480) AoV aglians sla aslal) ailas
Glialaial laaal (ygades pgaiy (il 530l (478) astell alei & (s aslall 8 Galaial
ol aslall ailat 4 alaia) Gilaaal (sales aguday cpdl) 53 & e (476) Al
(470) askal)

sla aglall adad g ashell b ()gualiaial ¢galae aguday cpdll 520 o il cupglal Gl b @
Gels astell addat 8 sialaial g salae aguday (i) 33U agily (415) oY) agluant Jias
alat 8 Gl (Kl aglall & ogualiain) salae againy ol 53U agaly (408) aslall 33l b
(392) aslall e (Al cilabainl e ¢sadae agdty Gl SR & s (403) askal
aslall 8 sl el 8 i gl 8 abedl alaaidl’ e of dglaa) cluhall ey
(P<0.0001) :2ilas] ANy,

(602) Jiamni Jina Aol (g€l 48)liall il (Mia 3ysalain) dadiiall Joall ) Al
Jaos 597dsand Jane 4l (oyal cilialaial cild Ggalan agaity ol 3300 (1o %4 4de Joas
Al caslall aalat 8 Gl €15 aslall o ghialaia) ¢ galas aguday () (%57) shadll 45l e

palai By aslall 8 o sialiaial () salaa pguiny Gl 33N (e %37 ade Joas 578 Juasill Jans




Spiia i — aghal) b Jaeantl — ) Juadt) 1107

Aoy a0l o)l B Jfise jidde sa aleal)l (alaid) goi of 39 laa ilicd
Osalia agayy Gl AN culs GUd B Juasdl) c¥ana lof of LS dglas)
astall (B (alaid) Balgd o Gudaall Sl ) -pslall aed By aglal) (b ¢ saliatil
Gl Iy AS|gad gl Ay SR Jrant cNwa (B Galag) ages aglal) aulas Ay
Sy Agaladll dpagdeil) Adaadl B B Clwlad G A ealal) gginall agdadl
o dogiiag Adlida cilailind 1i% A Sl 58 aglal) alad B () ghalaial] ¢ galnall
Lo 52N ool aladll Jalail cilide qaulii il ddas by dgalaili- dgagladll dlanl
el gginally agalel) gaedy SpAl oda Gl Juanill o Sl 8 aguusy
Jan Cpilly dpallall Jgall 8 aglall B Ldd of cilalaid] @ G G galeall Wi 3alal
a saskl lgd Gamlly agd (BaY Gafiw lash (dadlie Juasd caea o agilels
castall aad By aglall & g0 Uageady ciiSa JSdy
@ palaidy) ) Adla) adeil) Lagdlan A palaidl¥l Lo X Ada S
Lgalad 48,59 B3Lall (ggina g malially sYI alaly) o aleall doluy o3l \gudd 33l

cpagilll B leal) 4818 hyg Las




e il — aglall b Juantl — ety Juait P 108

pslall addad b alaall 5,8 Clgin 3-1-3

It is difficult to examine the effects of teacher experience on student achievement,
because sometimes more experienced teachers are assigned to students of higher ability
and with fewer discipline problems, and other times the more experienced teachers are
assigned to the lower-achieving students in need of more help. However, some research

has addressed this selection bias problem; and experience can have a large positive
impact primarily in the first few years of teaching, although the benefits can continue
beyond the first five years of a teacher’s career (Harris & Sass, 2011; Leigh, 2010).
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Evidence from recent meta-analyses of research conducted in the United States
shows that teacher professional development focused on science content has a significant
positive effect on student achievement (Blank & de las Alas, 2009) and that the amount of

professional development (more than 14 hours) was an important factor (Yoon, Duncan,
Lee, Scarloss, & Shapley, 2007).
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Teachers with a strong sense of personal ability to organize and execute their
teaching are more open to new ideas and less likely to experience emotional burnout.

Research has shown that teachers’ self-confidence in their teaching skills is not only
associated with their professional behavior, but also with students’ performance and
motivation (Bandura, 1997; Henson, 2002).
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In teaching science to this class, how confident do you feel to do the following?

Very Somewhat  Not
Confident Confident  Confident
1) Answer students' qUestions aBOUL SCIENCE s mssasasassmsmsmmeas O O O
2) Explain sclence concepts or principles by doing science experiments O O O
3) Provide challenging tasks for capable StUtenig-rsm e O O O
4) hdapt my teaching to engage students’ IN1erest -mmmmrmmmrmmemes O O O
5) Help students appreciate the value of learning science s O O O
R
Very Somewhat
Confident Confident
99
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How often do you have the following types of interactions with other teachers?

Dally or 1-3times  2or3times Neveror
almostdailly perweek permonth  almost never

#*

#*

1) Discuss how to teach a particular topic

#*

4
5

ol 35Sl 8y L) Goagy A Caaply)
B HISE Aa0 Coagy (any pe Liany Jaall o

2) Collaborate in planning and preparing instructional
materials

3) Share what | have learned about my
teaching experiences

)
)
)
)
)

4) Visit another classroom to learn more
about teaching

5) Work together to try out new ideas

4 OO O O O«
OO0 © O O«
O © O O«

vy OO0 O O O«

Very Collaborative | Somewhat
Collaborative Collaborative

14 75
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Teachers who are satisfied with their profession and the working conditions at
their school are more motivated to teach and prepare their instruction. Further, having
teachers that can provide leadership is a dimension of teacher quality. However,
developing master teachers requires retention in the profession. Teachers need to be

committed to the profession and like it enough to continue teaching. It may be that some
subject areas and locales would benefit from policies to reduce teacher attrition in order
to improve student achievement (Boyd, Grossman, Lankford, Loeb, & Wyckoff, 2009).
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Although a sound knowledge of science would seem to be a prerequisite for
effective science teaching, evidence directly linking teacher preparation in science to the

achievement of their students is scarce. A meta-analysis of the effects of teachers’ subject
matter preparation on their students’ achievement in mathematics and science found

some studies showing a positive effect, but in general results were mixed (Wilson, Floden,
& Ferrini-Mundi, 2002).
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sl Yl Gy

TIMS5 2011 Science Topics

A. Biology

1) Major organs and organ systems in humans and other organisms (structure/function, life processes that
maintain stable bodily conditions)

2) Cells and their functions, including respiration and photosynthesis as cellular processes

3) Reproduction (sexual and asexual) and heredity (passing on of traits, inherited versus acquired/learned
characteristics)

4) Role of variation and adaptation in survival/extinction of species in a changing environment

5} Interdependence of populations of organisms in an ecosystem (., energy flow, food webs, competition,
predation) and the impact of changes in the physical environment on populations (e, climate, water supply)

&) Reasons for increase in world's human population (e.q. advances in medicine, sanitation), and the effects of
population growth on the environment

7) Human health (causes of infectious diseases, methods of infection, prevention, immunity) and the importance

of diet and exercise in maintaining health

B. Chemistry

1) Classification, compaosition, and particulate structure of matter (elements, compounds, mixtures, molecules,
atoms, protons, neutrans, electrons)

2) Solutions (solvent, solute, concentration/dilution, effect of temperature on solubility)

3) Properties and uses of common acids and bases

4) Chemical change (transformation of reactants, evidence of chemical change, conservation of matter, common
oxidation reactions - combustion, rusting, tarnishing)
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C. Physics

1) Physical states and changes in matter (explanations of properties in terms of movement and distance between
particles; phase change, thermal expanson, and changes in volume and/or pressure)

2) Energy forms, transformations, heat, and temperature

3) Basic properties/behaviors of light (reflection, refraction, light and coler, simple ray diagrams) and sound
(transmission through media, loudness, pitch, amplitude, frequency, relative speed of light and sound)

4) Electric circuits (flow of current; types of circuits - parallel/series; current/voltage relationship) and properties
and uses of permanent magnets and electromagnets

5) Forces and motion (types of forces, basic description of motion, effects of density and pressure)

D. Earth Science

1) Earths structure and physical features (Earth's crust, mantle and core; composition and relative distribution of
water, and compasition of air)

2) Earths processes, cycles, and history (rock cycle; water cycle; weather pattems; major geclogical events;
formation of fossils and fossil fuels)

3) Earths resources, their use, and conservation (e.q., renewable/nonrenewable resources, human use of
land/soll, water resources)

4) Earthin the solar system and the universe (phenomena on Earth - day/night, tides, phases of moon, eclipses,
seasons; physical features of Earth compared to other bodies; the Sun as a star)




cfpiia B — aglall B Jaastl) -ttt Juaitt $ 135



mpiia 8l — aglal) B Juasdl) — GG Juaidl)

136

TIMSS ) Whaaiy Al aglall anialga aslail agidaly cpaleall jgoi 2-4-3
Oppliall gualsall Goine alad o aghs & Gaaleal) 48 ) dpilly a3 (F2-4-3) anad iy

Aol s AL ol Gy e B RS 3 ol b TIMSS2011 i b syl
L gl g

analsa agalall (b 8 Ay pped Gsadae gy Ll 8 33O (e (%89) e
514 agliant Jans slag A8 gind)l cVlae 3 TIMSS
fanalsas pgall) (B 8S Ay (g paly (palen ppiy LisaSle 8 3330 (e (%89) e
L)lie (407 )Gitie peluant Jare sla (Sl5 43K (gginall <V lae 3 TIMSS 4y
& S A g rdy (salae agndy 4333 (%87) Gl (ol B eV S Lol
peliant Jies ela Cun V) asle paalse bl TIMSS Il auialses agalal)
ol Aa ¥ oLl paalsas (o5l (salae pgsy (%94) 5330 ST s -(406)
o (%83) 5 Al clall wualsar sl Gsalas agaiy cpdl (%88) sl
psle analse () Aanly Wl Aasd) sLall asle pamlsar saly (padnn pendy 33U
e bl 0 Lalen M da ) Y
Ligaslay Lilsil Ch BADMN Juand cNata b sl GDEAY) ) @l ) Qalsad) o b @
paLE
4 zoohal Jisdl o quad Ally AoV Al el cljlid) B At cllylll jas :Aad
TIMSS201 1 gt allal) (g &l
slil) ek 45l xie
Ayl Clygall (e dpaall Tpamd (galan pgudyy Wilel 320N (g 132 58 dai of @
aslall 3 Glagleal)l LagdsiSs zla Ay (%69) askell ssine 3 (%82) zaliall b e il
(%36 ) Sl Sl Cjlea b Llils (%54) aslall adad s (%59) asiil) S5 (%64)
shan (ysalen peuis agie %355 Gsilan Gsalae agndy Wil 8 330 e %60
Ol %22 5 aslell addad & Gy aslall 3 cpilae (%71) Cpadaddl ¥ ST Ue ciludys e
pstall aalad G5 aslall B
o %24 5 5pa B 20 e SST sl Gsalae agady Lilal 8 52U e %64 @
axd 431205 10 G peadl (salan sy s2a0

aslaill & Alygh 5ydg gabaid) cilaal ¢ galie agedyy Lilsil BIOG aline of dlld JS e piliad
s5iaay agibma B (%89) 5nS AL (gmdy aglea L dsgiiag 8,08 Ayl clgal G gudadyg
Jaaadl) Jaa A agadli judy La \ag TIMSS 2011 pvialsa



Clpiia A0 — aglall B Juaail) — GG Juaidl)

137

PLisasle ) dsnaly

e ladl s o (oY1 (A sl e saad Tpaad (salea pgudiy LEAOE (e 8S Tuwi @
(%89) o5l ssime (35 (%90 ) sl b ilosinal Linslsis zrlas) i sl oS Cam
. (%64) aslall aslsi i (%65) Sl Siilly (%88) asiills (%88) zaliall s

e 3 Gy aslell (3 silae %86 wSSl) Gsilae (sddae ey 33O e %43 e
S Olae e Osalan peiy agie %54 5 (askell adad s aglell B Glae %10 5 askal
AL palaial gl 8 gl aglall aled 3 gl aglall

B0 A 20 o SIS gl (paden sy 333 e %51 Gl apall Glgin ) Ay o
el 130 205 10 G g Osadae aguiny 3330 (50 %25

Bel) (Rly O gmalaia) ¢gadne ageiy Ligasle SAU (a kb %43 o IR e g

sl ARG jeadll agudl cial Acgilag S Apudi c)gdl ageguddy  aulail) B Alghl)

o) agideli gy al A 13 oSlg TIMSS 2011 godlpn  ssiae agibpa b (%89)

Al b Ugda Juand ¥ sra ) 5 EY)

Pl ) Al Ly
gl (b iy BS gl e Qi aaal lpaiad 38 1S (paden iy 43030 plaae (0 @
astall (s5ine 3 %60 asiilly (%60) B <l (%61) astell & ilagbeall L glgi<s

(%41) zalidl a5 (%56) aslall adaiy (%56)

Glalpy Lo oila sades iy agie %95 Gsilae (sales ppasiyy 53O (e %83 e
aslal) sl b Gl 005 alall (8 ¢pgaliaial () galen agudy 330U Va0 %59) (Ll
(pstall aales 8 ogualiain) %d o aglall ot iy aslall 8 ¢ sualaial %32

e e i sl (salae agaiy (%56) 320N ST G Gpall g ) Al Wl e

VAadd g
%50 oa Sisly ¢ smalaiil o sara aguiy QU A (e %90 (e ST o lld (e i
Ay Aegiiag ByfS Ay pdi gl fgady aly aaleil) b ddaagia ) b B8 agudl agla
al s 13 c<lg TIMSS 2011 padalsa csina agibpma b (%87) sl ATy an) gl

(406) sl 3 Agia Juand N ma ) s WYY ) agadaliy ady



Glpida il — aglal) B Juaadl) — GIBN Juadl)

138

(10338 agily cyg ity ¢ gl agaiy il (%) SN Ao canan S DN Joal : (I-2-4-3) afiusal)

TIMSS U [y péal) auialsall (g4 X

Jeanidine | sl | shas | gaMlale | Sualale | maledl | Jse
3 aadlal) ralpa 5 | pralsed | il 4 axalga 7 g 20

_-----

Alaall il il Y (—) rAdiadle

avdloall oging addat o agipily (g ) oalta aguit Cpdll (%) SIS A :(-2-4-3) i)
Cuxsall TIMSS J)

ssina adlad o agfaly (gl ¢ galaa aguiy cpll) (%) 53 Auud
TIMSS ) gasalga

-----_
-----_

ISPLIERW

-----_

Al iy g5 Y (-) rAdiadle




mpiia 8l — aglal) B Juasdl) — GG Juaidl)

139

) (@-2-4-3) el Gy

Osalas aeiny (%72) Al Jsas (%77) Gl Jslls (%87) olid b sl d<i o

- TIMSS 2011 aulyy 3 cppdall aualsall (s5inas agaladls 5 2y

O ael Omy Osdre ppdy BN AT ) il e 52U G 558
& %88) Lyl Jlaas (Lapadl Jsall %80 i & %94) ¢ Lasl Jlaas Lalaiall poucalsall
G G (Ll Jsally Gl e J8 8 %83) sliall agle Jlaes (Raad) Jsall %755 (ol
pslall calea Sl ) @ly gy ol ) dsally Al Gl 6f aag Y G agle Jlas
(Rawadl Jsall %47) () aste aiyall oyeall (ssinall

slall asle 33l meie e s Camiie JSE () asle aualse N 3kl S Gld b

sale Gapyiy slall agle Bale (3 lae alre aiy . onld) adeill e ZIEN Al 8 )Yl
ol (Gl slall ale

05y pels opmd salae aeniy Jsall 038 (b 33 AT dallad) sl ) Ranailly Ll
Onall e IS 3 %T5¢ Guall 3 %86 )siliin b %80) ¢ LaSl Jlaey dilxiall ppuialsal
& %82 ysilain 3 %75) sl Jlae 3 J8 Ay (Laallad) Jsall Jasie %80 5 L)<
Gl B agaly (Apadlad) Joall Jassin %78 5 LysS 8 %63 5 cpall 8 %68 (pall
s ysilain 3 %60) sladl asle Il Aaleiall wuadsall o5y agily 0 ymy (salen agasdy
(W) Jsall %77 5 oL 8 %48 5 LS (8 %62 paall b Al 3yl

A (g plaasll B allal) Jgo Cilida B SAOUN Juasd duud ol of polidl) ey s

L pail) cfygal) dae cp ABMal) Ulag) Aaiiil) oda (usaly ¥l asle B WL 5 5Lal) agle oLyl
S Gl cdia) AN Jealld (pdiall JLIAY) adalse addail aghilsgas Osalrall L aady A
Gl BN A Al (AN cilS (Ll LsSy cmally Bsdliiusg)  Jraaill Jaa Ea
%515 sl %60 «ouall %62 &) sblain %57) TIMSS  audlsas alal] agual ¢ salea aguy

L o) (W) o BBAy o8 TIMSS2011 2 alal) gsinal) addail agiijsgn Cun (g

(ol

N laal) Gilida 8 330 Al gl |sndad 38 (g8 (¢ palra ageily Joal) 038 B BAD (ha B
-pgiad) GGAA‘;&J asladl (o gina ‘“,5‘3 agiad) M‘;& &y gl Lagad g



spiia il — aslall 3 Juandl) — ety Juaith 1 140

sy %135 chla) Gslesy Gsalae pein (%84) 5ysliin b 523 alaea of La S
%37 5 pslall ales 8 Gl (U5 aslall (8 BlaY) Alea 50 %57 eVsp s ble Slabs Gsleny (pales
oral) Y Al W lgin 100 e J8 8y Clsin agualy aslal) aled s aslall 8 53laY) Ales (e
%61 Vsa () Labaia¥) 553 0 %495 Lo il Gslany (salan agudny (%51) 320 alaxad
%50 o ST (pstell ailed g aslall 8 Gaslaall (e %35 5 astell et b Gud (K15 aslall B Gajlaa
e g0 e ST agad) ¢ gadan again 5200 (e

Osleny e %345 BlaY) Al (o Goadan aeiy (%66) 31 aliaad Ly ) dailly Ll
DY) A e %235 aslell a8 Gad Sy aslall 8 (5ak%T0 eWsa () Ll claal)
%17) 5ya D5l 0 o S agaal (sasine pguday 53 (e %60 Coliy Las .+ (aslel) apled i aslel)
(53 43 20 e ST %42 5358 45020510

et %185 BaY) Alea (o Gsdae pguin (%82) 533 sliead (gL Y Al L
%27 5 aslal) sl (b Gl XU aslall 8 Y] Alas (e %64 eV () Llall SLubA ¢slany ¢y galea
FST agdl Gmdte peaiy 330N (ge Zialls 65 o Sy (astell adad By aslall G 53laY) ddes (g
(32205 10 0 %165 4w e (e ST %49) 53 lsinl 0 o

tedlsay alaly) B agedily agil Lpd w8 Aadiial) Jaall B cpadeal) of W oo
eWoa die A2 o Ud g cgalaid¥ly 3l Clga o BN (s, TIMSS2011
Gedlgar agalally Gl ¥ Caaleall pWsA (oS! ARES LS g Amlia B (paleal
b Al GaiY) ) agadyy clailiudly clagleall B alilly el old 13 TIMSS.
AR Jsant c e £ L) A agud La Ay ) g0

A8 TIMSS 2011 b csinall adedl 4l 455¢n Ao agdly lgalaa ad ) Sl L
Ay (GUd had g dpadl Joal) A )pa gy Cpalrall Gladl) dud Lgd cukaddl)
castal) 8 LU Juand i dea cudadll)

Bamia Cigd Amlieg BfS o ALB 3l cilgiu pa palaidy) dale of AT Bja il Uag
B33 ¢4 (b Uulasl S50 gaUially pglal) sginag pslall plad B Uaguadg Ailiday



e il — aglall b Jaantll — ) Juad) £ 141

(plaal sT) TIMSS Al apiiall s ginally 533 plal) 3-4-3

s ol TIMSSY analse ¢yt (%80) ol 8 53l 48T of (3-4-3) sl s
p V) JLa e

O3l (%94 ) Cpdaad)l JSI5 pleSU 8 28K TIMSSY aualse smpn 5330 (e %92 o
(%35) eV dnmall lblaY) L Cielay paalsall 03 (s5inay

GV Aally a1 S oLl 8 28K TIMSSY gaalse (ysasis (%84) 320 (e Jif dosi @
(%28) elpaill b dapmiall LAY Ao CulSs (%88) A8 £ Ll wualsar (ppalall Gaaladl)
oo LasSIL A5)lie dadi 13 (3l (o

Y G slall agde 8 46K TIMSSY) pualse (saiay (%83) 513l (e J8Y dpill @
& Annaal) Lal) L Sy (%87) WIS slall asle aualyer Gralall Gpalaall ) Asally
v eIl 45l Adais 12 (3)la 51 (%29) sball asle

(%27 L) Gl <d & 3l Glwdd Ay clily aag S (V) asde aaalse ) Al LI o

daamia culS 3000l abla) e



ipiia il — aglall b Juantl) — i) Juad) £ 142

dady 0 galaall gy ab Al TIMSS.) avalgan Ad)l8a BANY (s ) TIMSS pudlga :(3=4-3) aliaall

ol b Aagaall cillay)

Gafl aste | plpd | sbas | Slall agle | A pslel) gulpe
(2230 4) | (2lsn 5) | (edlsn )| (ep2lsn ) | (2sa 20)

A (%) 31 Apass
(ESAM\ éj; W)

o) (%) B30 s
alal) agal ¢ galna ageiy
TIMSS.) ualga (s iy

uah.d\ LQJ W)




Clpiia A0 — aglall B Juaail) — GG Juaidl)

143

Liial) cilagirall B alil) Guu alail) 435050 5-3

) hlealls ApsSall Cilaslaall Gaty dagipe aleill Agana of TIMSS 2011 Al cay S
Al angadaa iy (Al Jsa 3 %615 olid & %65) sidlll dplels a8yl sl Lkl Lealis,
b (Ballal) Jsall) 478 5 (ol) 408 agluast Jae (iS5 Lasi€all cileally Cilosheall (any aguaiy
ity ¥ 4Tl angdea yoiay (Al Jso 8 %205 Gl 8 %18) 3Okl (e i A (8 Jilad)
ABlas Ao Oy o(adlal) J5ll) 496 5 (L) 421 oY) peliant Jana slay diSe Chleas Cilaglas
i€l hlgally lasheal) (o IS aganity 431 angadaa iy (alladl Js3 3 %19 5 Gl 5 % 17)
(53 atisdll) (Radladl Joall) 455 5 (Gld) 379 SV agluand Jaes clas

W adady AN A pail) cfsall aae c ABAl) (any pa Wl Al @lill) oda yuds
b iaally Ahailil) dpaglatl) ilaSliud) aladiaNy 2000 JLIAY) audlse adlall aghijsgng O saleal
s (Dia 3 sdliin) L@l Juantll Jare dua (e A6Y) ciball b s ) Jealls aglell ages
A Lo Wy B8 A gl ale JS (suiad Lgnala o ity Ajgead Aali g S Wil
Ll (A ashall ailai By aglel) ggina
gl Gl 3 aill o Ua e ity | Al dsga b cprd A Jaal) L
S e a TIMSS 2011 dalp b dsgiall | qupd A lgd cacabdl) 388 aglal) aytedl
A el Gl s ) Jalsall | (OM Lghad e Aad) Jaall) Cpaleal)
g B Juaand Jana (aidl) Al



e il — aglall b Juantll — i) Juat) : 144

Alglaad) &) g pdal) il glaall g SA) esny B3 Y tra 1(5-3) aticual)

Al Copy A aladl) agaraa o ¢ gaing () palna agauiy Cpdl) 5N A
Tl cilagledl) b




Clpiia A0 — aglall B Juaail) — GG Juaidl)

145

oheal) alail) Ales JMA aglall B ¢l Adagyall clpiiall any il 6-3

“To achieve a link between student achievement and instructional activities and to
help build a better bridge between curriculum and instruction, TIMSS 2011 collected
information about the concept of student content engagement as described by

McLaughlin, McGrath, Burian-Fitzgerald, Lanahan, Scotchmer, Enyeart, and Salganik
(2005). According to this work, supported by the U.S. National Center for Education
Statistics, student content engagement focuses on the importance of the activity that
brings the student and the subject matter content together”.
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b aladl) Llee & BhaE AL

Gl Gy o) il ol e
Jdra (%) Jara (%) Jira (%)
Saaail) BAE  Juaadl) 3l Saaail) 3aal

- 1 404 11 406 88

437 1 421 10 429 89
509 3 474 17 478 80

A8 Lisal) ,_As SAAl aat dadiall il iad) cuwan Sl ‘“,é Bl Juaad Jixa :(u—l—1—6—3) Abbaal)
Jdna % Jza % Jdna % Jdna % Sz % Sz %
deastll| (6) |[duwasi| (5) |dsasi| *(4) |duasitl]| *(3) [Jduasitl| *(2) | dwasih | *(1)
s
418 32 417 81 417 78 417 81 420 85 417 81 -
Gl [

-

G s

414 35 400 5 395 6 435 3 349 3 378 5
ugodl)

w1 e . - |

ayay

415 32 422 14 417 16 409 16 398 12 428 13

p=0.655 p=0.245 p=0.001 p=0.000 p=0.000 p=0.000

-

Lasly)

I

*p<.05
A Ll ols A g sl uliall

'L)'“JJ“ :\ﬂLF gf 01l ‘L'L'-“‘:‘S-“ U‘:‘Aﬁ *(1) How often do you do the following in teaching this class?
» - - e e - % Everyoralmost Abouthalf  Some Never
C)‘“"“J 4:".".'““ E)L"‘*“y d“"“&‘ (’\M\ . (2) evarylesson  thelessons lessons
el Cppeantl RIS B2 s 1#(3 | ! |
an ( ) 1) Summarize what students should have learned
saal) ansen o 33 sl 1#(4) | fomthelesson @) O O O
R L 2) Use questioning to elicit reasons and explanations — O O O O
.50l 4-“:‘.-.‘*‘“ 3‘:‘*—“—.’ U‘i)ﬂ\ ']"‘..) *(5) 3) Encourage all students to improve their
. N X . " performance O O O O
sall &;;\ ?MJJ o ub)‘ s (6) 4) Praise students for good effort -~ —0 O O O
d Iy
)l ”
Most About Half Some Lessons
Lessons. the Lessons
8.7 5.7
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J<a i) e Caall 32l Gasy il 3 agiiday Gsaladll iy @
s Gl (apd JS Ay Aeiiall caud) dpjiatll clia sl ) alasinly elldy
gl 2t A8ES Cavay V) asilly
dily dafiall sl i) ST ay 2 palls Ll sylny ALY Hasil (2) -
o0 JS (& Latlia¥l o g Lol aasalee asdy (pdll 330 Juasd Jame (S
LSV Gy
Ll 3Lally Gupall Jayy (5)5 ool A4led (8 323 GluiSe el (1) -
el (] Z8IS 32U apais (3) 5 50l
Baall aagea o sl slilsa (4) -
ccaall U aleiad sydie sl s (6) Ll -
552 (4) (3)5(2) 5 (1) cbmilia) Lol of Adlasy) Gluhyll ciny 8l @
Al Jsa dglas) AVD 2ap ¥ A gl 8 dflaas) AN 320U cld B
3330 ¢laf 3 (6) Lasl i)y (5) duas) )
@ aadll #g) oS3 Jal e dllady (6) Lnsihiaals (5) Lmlin¥) e IS Gali ol
o Lagiakai S Y iadlia) ol of A 5eY) e agey a8 L ST (<G sdaU
ped (A Osaing alaall plaae o) 3 Jlad JS5 danpall Joeadll Jaly (8 Legy Jaal)
Bhae Apdas) Lilae Aatil b cpalatiall ()5S0 Yy Aapaad) S e
P A Ay a3 Ll i 388 :(4) 5 (3) 5 (2) 5 (1) ladlindd) ) Al G
B2 aa Lgalatind Aylyaind e aall Canys Lpalail] Lpadail Llaal)
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(Lalil) (o)) .alaill Alee (B Adlady 5200 AS)Lia 2-1-6-3

il pigal) dldic) & aglal) dse (e JS b ghuall alaill Alee 3 Allady 520U ASHLie (520 ddjaal
thy staal) el Ailee MUA & "dllady 53 AL abeil) Gulall 8 5l day)Y)

(el clajiall) 4y agdl o (ialaa/ palra e 2B ile &l —1

Al gy (ialaa o aghl -3

ialia Algis Lol alaia¥ly e -4

g adl S alaial it algag s ludly alea Sag5 -5

How much do you agree with thesa statements about your science lassons?

Agree Agree Disagree Disagree

alot alittle a little alot
1) 1 know what my teacher expects me to do ——-—- IC] (j (j ()
2} | think of things not related to the lesson®-———- (j (j (j ()
3) My teacher is easy to understand ———————— @] @] O O
4) 1am interested in what my teacher says ———— O O O @
5) My teacher gives me interesting things to do — () O O @)

* Reverse coded < b
Engaged Somewhat T Not Engaged
Engaged
10.1 74

el Ll Jsa anag) "aglall alad 8 Alad AL (g seda cpdll 5NN A st 6l
10.9 » dam o o Lol Al dlee 8 "Allady ¢ 9$ by ool 520006 . uliall 138 Causy
Oi (2 damll sdag .u'ajﬂ\ ?Jh ‘éﬁ 11.0 5 ¢ Lall 453 11.15 LX) ‘éﬁ 11.2 sl ?}l‘; 3ol 453
ooliall 138 8 Jald Gued Jual (e Jalds OB e "HES Bl calaill dlee 8 Agllady oLy A1 Al
a8 folian a8 calail) Alee 8 Allady sl Y ool 5N LT L cual) i) e U @il
saY) asle 88,15 el 8 8.5 Lkl 3 8.6 lall asle sale 3 8.0 : dam o il
o Dol D e U gl ¥ caleil) dlee g Alady GsSHLEY ) SN o et dagill bda
e e 0L Gl 33N Ll LAY i) e S gl s Guldall 13 8 Lali el Jus
1Y aea e o 28 alatl) Ao 4

slall agle 32l 31095 8.00m

cl.m.\ﬁ“ . \L; 1125 8.6 O

sl 5 11.05 8.5 o

) asle 311,05 8.1 o
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tosbiall s e 41 cllanial e gl 53l Juas
calail) dglee 8 Lo o5 Agdlady 58l 300 (o iay L 10.0 bl asle 30le & @
¢alall dglee 8 Lo o g Agdlady sSHLa 330N (f iy L 1046 teliall 50le & @
calall Aglee 8 Lo Lo s Adlady 58l 300N (f iy e 1044 selpall sale 3 @

:(2-1-6-3) atisdl 3 5)l5l) bl <k

O (Ll 3 %54 5 clasll 3 %54 5 5lall agle 8 %52) gl 8 sadlll 45<T G o
%34) 533l e J8 das Ofs . 397 agluant NV ane iyl alaill dlee 6 "L 1855 Allady
Ceadly alaill Adae B Adlady U (ol (A %29 5 claSl & %32 5 sball afle
I Al W el 34365 clasll 3435 550all agle 8430 ) aliass c e
& Aallady el ol gd (e Ludl) 8 %185 elakll A %15 53Lall agle 4 %14) 523 e
o 3895 clasll b 3865 sLall agle 3 383 1) Leluast c¥ane Cunidily aledll dlee
v Lyl
oSy slall asle sl 8 LajiSls o Lyall sale 8 cilS Apedlay 32000 AS5Lie B8 o s L (e
b pelant Vi (o ST e Cela slad) asle ale 8 53U Jaand e of 48 ladl)
cpslal) olse malia (ssinay Adadipal) QLS @IS gay Ny o Lyl sale

(U (e i

8 32 el Lgiserdting Al Gl il il Gaaleal) ) 4lie xie 48 Wy
tastell alail agisedls o Al sl Gagady 53300 gl e (usal) aline

slally agilui€e Ly aleill Alee 8 AS5LEN e 52U Giany (ysashy Gualaall of -
sball asle 3 %52) gl 4 sdo) dulle agh oA gl 8 S S Al
alxl) Alee 3 L gl Adlady AL 8 (oLl 3 %54 5 e LasS)) 3 %54

aeie alrall oyl La sS50 Vs ddyal) Costuall 8 0935 53 (e %50 I o)liy L -
b caall b aealim) ol oLl S alear aa033 ¥ aleadl o (s pieys daall Alg
of Ay sl agignin Yy peselie o s Gseeds Yy Dpadedll Aaall Pla
oobiial) Cavny ChSnall 038 (el agdl Gain cpddaall AT G ppn (S aealaial
bl dlee 8 Apdlyy ALl e 50 (caal bl
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(Al o) (el Sl Linall cbinfliad padaal) plasind 2-6-3

In particular, instruction emphasizing active thinking and drawing conclusions from
data or providing hands-on experience with scientific phenomena were associated with

increased likelihood of scientific understanding (Minner, Levy, & Century, 2009).

ledaing Leias o 5)adlly aglal) analpal 3230 agh  n dulay GlBle apay cluball il
US National Research Council, ) .ialall xe Jl cisy byl Jal oo laylSiiuls Jshl sl
(2011
b Aiall Dbl Lleall DA 3 sl latlinY Galed) aladiul (s3e ddjedy
DA 8520 wa sl Dpmsljiasd padid’ (alie 8 52))sl) cedl il i) aldie) 23 aglell alge
A U allally @llyy " jaall Hlal
cagilaalie Caags dumnlall jalglall ddaadlae -1
- Ay dyyad gl i Lliil Demonstration e iyl agiaalie =2
c o Bl ) Ayt e =3
Agilaiin dadil S oylad e)a) -4
Ay Jilse ol Auddall (pilsilly faally c¥alaall Hlasind =5
ey anialsal ilypdi cllac) —6
Aasl) agilimy aglall 8 4igadety Lo dayy —7
o) Sla gl (e IS agaalea GBulsi il Cany agleant i eas 52N Ao a3 5 28]
Osiiday (salae pgudy ol BAOEE L (F2-6-3)" il cilagiliad (gl ' el ladiuly Sl
O o dagll sda Ju) I 1e10.2 aginm il Gugdll cial s 3 ol Gy il
Osaae peiad AN Ll (ans oS Gl Cacai b L ) @liagl A1 (sl agaeles
Vool Coat e JB 8 il il ind () sida
Gl i) Gsiaday agaara o i L (11) Gebiall 13 o glid 8 52000 Jawgia ela
Ahal claglil) e bl 8 egall Bl Ciguy oy JoneS agdll Caal 3 Gy gl
castell Jaaat il
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p(F2-6-3) il 8 Aad) clll) ¢yl

il Gladlin) ansalas Guay (%67) Gyl Jsall s (%70) old 8 saaoul 35T G o
s3a absalae Guay Aallall Jsall & 52301 e (%48) iy agusyy chal e S8
cosall Gl e ST 8 Slagl )

Osalae aeudy Gl BASN Gy olad  3AON Juasd cNVave G S G5 e <l Gul @
Osalas gyl 3Aly  (405) syl Cual (e ST 8 alil) sl G siday
Ll Jsdl (Y il WL (407) Gepdl Gai e G (o) Cilailind (siilay
&b ol laglind Gsiday Gsalae agady Al 2N Juand Cl e Caela 8 Lnallally
aeesl Cpdll 3R (e (alladl Jsal 479 5 dupll Joall 431) el ugyall Caual e S
Jsal 474 5 dgpal) Jsall 422 ) Gugyal) Cuai (o Sl 3 aill Cliniliind (siiday () galas
(e

oo ST G pall latin) Guda ) Al alladl oo o Aaabll Ldpall 3 ol Ja 2l e
sl Alie Gt Jrant Jae o Jeany huall alailly ol dlee PlA Gugyal) Couas
o ST b el il aladind 1al e 55 Gl g sl el 8 dasiid)
aipall) LysSy (39 disall) Gaalls (36 Adall) 5ysilain Jla 1 duall aleill P& Gugpall s
(34 Andl) oLl (32
Pla 4 ol B aalll Glagliu aled) Guli (slie @ (@2-6-3) atdl el
t V) Gy aletll — dpagletil) dleal

A0l sty ol oaail] gl Ul 8 Gsalaall Galay @

slac)) (6) Tmshinl) Ui DS Luppdl A (il Gsalaa pgmpn ol 52 ST —

pilny pslall (8 aisalely Lo Lay) (7) Tmglin) Lo %80 sy (Lo galsal Sl

(Aaafis) Jlse dad dpalall Gpilsilly apalls iV aleall alastinl) (5) Aatliwlls (%78) Ay (Apesdl)

GniinY) G AS Gugyall G siday (gpalan penpds 330 (o LIS BT A 0y +(%62) A

b alaall 32aL5) (2) Lanlia¥) Ll %36 Ay agilaalin Caiags Gl jalgdall ddaad (1)

s (3) Amtlia) Ll %30 dedy (e dpad 5 et Llal e gape shal DA

Aoty (Slatind Ll 5 3yt ehal) (4) Gandl i) Bl %29 Gy (ol Lalis 5 3y

%21

(2) Totlial) e Gl G B ) Gl heal Lol (el Slaglaud) ST e

Caai 4 % 34 Ly (e dpad 5 ol Llid e gme shal DA 8 aled) 52l
Ay (Alatin) il § Cylad elal) (4) AnslinN) b cusyall Gy 8 %355 agal
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Lpnglall alhall Aaada) (1) At Ll cugpdll (amy 3 %45 5 Gugyall Caai 3 %30
(3) Lodlinlly 5 Gl amy A %345 Guspdl Caal & %29 Loy (aedlaalic Caasy
sl Gany 8 %41 5 Gegal) Caal 8 % 28 Ay ((Slatiu) Ll 5 4ad s

Slo el 330 badie) 1) clah i) sy 330 Jaant <V axe i S Loy Wl @
shal 8 Clanliad) oda o IS 80 Jsa Aflany) AVAll 48K Gugall Gyjis b agalea calla
o sald dl) 333 o (2-4) el jedad (32aDU

ANS dla L(421) oY) aglians Jame OIS (%21) Aplatinl dlaiily clad cha) (4) -
-(P=0.016<0.05) 53l ¢)af 3 Ll o2a il Jsm dilias)

isalaty L Loy (7)as (418) peleani Jae oS (%80)\gisy aalsal iyt cllac] (6) —
il Jsa dglas) AV s L (418) Lad agluast Jare IS5 (%78)haasd agiliny askell
agie J<U (<0.0001 )sadall ool & Gl ool

Aglas) AN dla (417) agluasi Jaes GlS5 (%29) Slaiivl Llis o dad aseai (3) —
A(P<0.0001 )32l elal & sl il 28 550 Jsa

peliant Jas 85 (%62) 4ty Jilue dad dualell ity ually calaal aladial (5) -
.(P<0.0001) 523l ¢lal 3 Ll i) 038 530 Jon Aglean) AN Sl L (411)

Y .(411) Uay agluast Jame IS5 (%36) aclaalin ciuags dmpdal) jalshall e (1) -
(P=0.754 Jsadall ool 5 Lol oda 8l Joa Aglian) AN 2a g

(399) agliass Jame OS5 (%30) dpsie Ll 5 oati bl e (e saalic (2) -
P<0.0001 533 ¢1af 3 Laliia) o3a 580 Jom Ailian) AV llia

o) Uyl ity @

Bal <Y1y il dlee 50000 i) Adee DA 8 oldie] 2 ) cilaslpuy) B -
o3 Guli Laal e dy L (4)5 (3)5 (2) Claslinyl & ddlaal Ay 220G cld b
castell 8 agdlal et Jal (e 33 pe il i)

S Gugyall A il Adee 32000 @b Agle DA 8 balaie ) 2y ) claliad) ) -
Ll e Jay L (7)5 (6) 5 (5) landlind) & dglas] AVay sl o1d) 8 Bal g1, Gy
castell 8 agilal s Jal (e 52000 pe il i) 238 Bk 3 Ay

gys 52NN elal 3 Layil Jsa Aglian) AV aa ail o ail (1) Zalia) ) dwally L=
& ool Bl sy uulial) gl a5 Al Al Guad Y agliad) eda of ) Ly 13
Aoy Lnaal) Aaphally cpalaad) Jd e Galal Ll (pe ST and Aalesl) —Haadatll dulaad) A
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(5)Xasiliady (2) Latlin) (gahai B sla guilidl) Judad B cddl) ol

o3a aladinl 5y8y (mlaail aiiy SN Juasd Jawe o cub o(2) Dagliay! ) dwaly -
el 8 Lamlpa¥) oda 80 e dflan) ANS dllin o gui LS Lale JS8 (ugyall 8 Eal !
Jaly Allad (33)kay Leindad ooy Adadil i) o2 o o QY5 (e a (e ¢ (P<0.0001)52a00)
A Agpiad Al Al Aiye it Lk sl g 8 3y G (e Ny il
ALY e lla s Jolall slagy 4sdaiy alaiall A
aesy ol (%62) ol b saa JST ol oo 3 (5) LsslaaY) ) dwally ) Sl -
¥ aee Cpla AIS gyl (8 Aidig) Jilee Jad dualal) cpililly gaally Y alaal ¢ sadding gl
i Alie LIS BB (411) aeliass

Jal Agalal) pilgilly gpally cNVobeall (sarding (palra pguiy cpdll (%23) 323 o

(414) pelians Jana IS5 Lpés Gagyall Coial 3 Auidig ) Sl

Jal dalall cpilgdlls gaally cVabaall (ysaniing (salae pgaiy ol (%14) 52 o

(438) LS ST aeluant Jane ISy Gug )l Glany B Axidis ) Sl
Ja 13 ¢ p<0.0001) 3l old 3 Laslpu¥) oda il o dlas) AV s of oo WS
A ay (950 (e Ayl Applay iy Jlasal) Jad dpaled) Guilsalls anally c¥aleall alasinl of e
MY Ja ) aeliags Al LDl Guillly gaall go ol agadli LSS

HE K e
shall alaill Al 8 ALA o 30U Guiad 3 agad gonl) sl bl aladiul of -
aleall 33l (2) 5 agilaalive Ciuagy dpnplall alshall Al (1) laghiall Gl b b« -
(4) 5 Slatin) Ll 5 30 apedd (3) 5 (A dpad o o Ll lee (ape ela) DA 8
el et 8 ) Lyl 5T 500 Lealatiad o Sl Cnd (Ll dlai] §f oylas 6 )ia)
G aladl JSEIL (2) 5 (1) i) ¢ sadding il 8 Gsalaall OIS 13 e Zafill aa 520

Lcaall
sy dlue dal daledl Glsilly gaally eV alaall alasin) (5) climalil Glay b 8 4l -
e 5lall Cind Aasall agiloy aslall 8 isalaty Lo Jayy (7) 5 Ledsmndy pialsal Cilpausdii o lac) (6) 5
G el UKL (5) Dmliad) Gsedding Ul G gsaed) 8 1Y L ol e Lealasi

.caall
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) s U l,é "M\MQ‘J&A '(u—2—6—3) Albcal)

Jaza
Jaaall)

418 78 418 80 411 62

404 17 404 15 414 23 416 30
428 4 410 4 438 14 415 45
315 1 330 1 357 1 388 4

*p<.05
cagila i Caagy dunnlall alglall daadle *(1

uwmw,iwkmg&wﬁgﬁ\dmw\mw*z

(1)
(2)
aaiivd Bl §f Apat apaai*(3)

Al dlaad S Clat o al*(4)

Ay diles Jal dpalall (pilsilly anally Calaal) plasind*(5)
i galsal s ¢ ac |*(6)

el pgilin aslall 3 4igalety Lo Jay)*(7)

-

420

413

370

(3 /uv-\ Js b

/UAJJ-\S‘M‘E’A

L &S
W asia Y
dailaay) Ayl

Sl B el Gl aladiul Gulia

28 431 34 419 29

41 419 35 417

2 411 1 369

—_

p=0.754

In teaching science to the students in this class, how often do you usually ask them to do the
following?
Every or About
almost every  halfthe Some
lesson lessons lessons Never
1) Observe natural phenomena such as the weather or l L l
a plant growing and describe what they see - O O O
2) Watch me demonstrate an experiment or investigation — O O O O
3) Design or plan experiments or investigations -—-—---———— O O O O
4) Conduct experiments or investigations ———-—-—-------——------ O O O O
5) Give explanations about something they are studying --- O O O O
6) Relate what they are learning in science to their
daily lives O O O O
<4 »
w >
About Half Less than Half the Lessons
the Lessons
or More 107
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pslal) addat & () galaal) Lgasiiioy Al 3ylsall 7-3
(setal) s]) (Aual) adail) JNA B Lgaladin) cualgll 3jlsal) 1-7-3

Studies have shown that resources are crucial for improving schooling, perhaps
even more so in developing countries than in economically developed countries, where

adequate school structures and material resources can be taken for granted (Lee & Zuze,

2011). The extent and quality of school resources can have an important impact on the
quality of classroom instruction.

N

oo cllyy il aledl) dglee e Al Dpadaill Slsall il o Jagl) ) TIMSS 3 didyy as

Wl e 13 4 alill dapy b o sed 0o L Do) grae e Ak Pl
(1-7-3) asieall & jals ga LS aglall addeiy 3800 Adadipe 3)lge 7 5 dule dauyia 3))5e 6)

@y 3hal e Clpgail) ¢ uaall QUSH £l Lpapleil) oY) thalad) Zpadaill 3)lsal) (g

Sles bl Grstall sl abeill dialadall daluall cagylly 280 By caeDally wpaall oLl

gl cplaga Cpaaleas apld) e Jasdl

adlet] gl g caslell 3 osaliaia) (paden tadaill dlany il S Adadyal) 3lsall e
Jils clgalaty aglall aleil ilgaly Dy GS Gaa® iliSe dgag cpshall aleil Cilimays d5ag caglall
castell lsaly dses Apula VT caslal) aleil 4ypays dmans

(o) TIMSS2011 i layrme cilily o sios 2591 sl 3 sl a5laa) o) :4Badla)

S sl b paiily il el Juantll o Allall Jgo 33305 (e %50 (e ST g pae i)
el o angpae iy ol Gl 8 %19 5 A lad) Jeall 8 52 (e %22 o)LL s
(454) 5 (494) eV alians Jire ela "Looan ) ylsadl 8 aiilly 5y V' 320D el
ahs e yuiiny cpdlly (%72) lid & 5 (%71) ASHLaall Jpall 8 320k Ayt Bl Jiaal a . el
(389) 5 (474) V) aghiant Jine sla "leoaa Y Slsall G paiilly 3l el Juaadl) o
O aage iy s (%9) oy (%7) AL Jeall A sa e A1 daally L Sl
Aaallad) Jpal) 1) Ay (464) 3] agluant ela "aleal) b adilly [ EE Sl alaill Juaa)
ol ) Al (441) 5 A8, L




spita il — aghal) b Juantl) - et Juad) 1160

(B) ?3.\:.“ ,a.\.\ali Adasise 3ylgag (A) Aale 3)ga (1—7—3) Alial

How much is your school's capacity to provide instruction affected by a shortage or inadequacy of
tha following?
Mot at all A little Some Alot

A. General School Resources
1) Instructional materials (e.g., textbooks) ——————-
2) supplies (e.g., papers, pencils)

4) Heating/cooling and lighting systems-——-————-

5) Instructional space (e.g., classrooms) ———————--

O
O
3) 5chool buildings and grounds O
O
O
O

&) Technologically competent staff

B. Resources for Science Instruction

o000 000 000000
OO0 OO0 000000

vy OCOO0 OO0 000000

1) Teachers with a specialization in science -—————- O

2) Comnputers for science instruction-—-——-—-———-- O

3) Computer software for science instruction—————-- O

4) Library materials relevant to science

instruction O

5) Audic-visual resources for science instruction —-—--O

) Calculators for scence instruction -——-——-—-—-—---—-- O

7 science equipment and materials -————————-- O
4
Mot Somewhat Arfected
Arfected Arfected AlLot
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L b agtal) addad B galaall Lgadiiy A Agall 2-7-3

QLS sadiingy (palne agaiy  (%99) ol sdalll KT of (F2-7-3) atall G
salan pendy U(%97) 533 aedls (%26) S JSh Wl (%73) oubd IS8 W) (sl
) (%92)53) sy ¢(%41) (iaSs ISy Wl (%56) (oasbod IS Gl liaalail] BlS () sandin
(%49) LaSs IS Wy (%46) (bl JSi W Al dadle dlsas lal ¢ gardion Gsalae agsy
bl 0 W aglal) ailed 8 Climaydl (yseaiing (ypadna agudad (%60) 520 V) Al L
(%47) s JSi Wl (%13)

Ji (e Aeadindl Blsall e 3se gl O Ao o(@2-7-3) atid) dglaay) bl Js
ol 3 AJE A lsall sda S8 oy o Aliadl 4l ) aglall ades 8 o0aY) sa caall G Gaaded)
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A recent study summarizing 25 meta-analyses determined that computer use in the
classroom has a significant positive effect on achievement at all grade levels and in all

subjects (Tamim, Bernard, Borokhovski, Abrami, & Schmidt, 2011).
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Teachers have a number of informal and formal ways to evaluate student learning.
Informal assessments during instruction help teachers identify the needs of particular

individuals, gauge the pace of instruction, and signal the need to adapt or reteach. Formal
tests typically are used to make important decisions about the students, such as grades or
marks.
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Advanced International Benchmark — Example Item
Content Domain: Number
Cognitive Domain:  Reasoning

0 P Q 1 2
P and Q represent two fractions on the number line above.
PxQ=N.

Which of these shows the location of N on the number line?

N S~ R
5 PQNl 2
©L) PVQ 1 2
® o

Description: Given two points on a number line representing unspecified fractions,
identifies the point that represents their product.

abill (o allal Aifig ) e B3jae Aplay HeuSll e Jlse sas Blaiall Sl Jlae B 8 z3sall 1
oy ikl Jilasl)
(O Y =Y—o anidl bl el
Allsd) 238 Ja e 158 GG Allall 32305 (e %YY —
Alliall 538 Ja e 1538 cpdll 32300 (e %0 ¥ JNT 30l aall cilss —
Al s3a Ja olad 3305 e %A (R -
Glia (e o Lo @lleally el G ae plid 8 3dgile o Aliall 038 75k 3yl :AdiaN
coell alall U8 e Gastuall 3 el



TIMSSY V1 dula A ol — clbualll B Juaail) — (ualdd) Juadl)

Y.9

AL (e J Y sl o paia JSA culal A SRS A -V Y -0 sl

C Percent
ountry Correct
Chinese Taipei 5320 ©
Hong Kong SAR 47 2.5) ©
2 Singapore 45200 ©
Korea, Rep. of 44 (20) ©
Japan 4321 ©
2 Russian Federation 31(21) ©
Sweden 30(1.8) ©
+ England 22300 ©
Finland 2920 ©
Palestinian Nat’l Auth. 28(1.8) ©
RNewranl T M N oY
winan LU \1.J] o
Syrian Arab Republic 25(2.2)
Saudi Arabia 25 (1.9)
Jordan 24 (1.6)
Australia 23 (2.1)
Hungary 23 (1.6)
2 03
2 United States 22 (1.5)
Qatar 22 (2.2)
Slovenia 21(1.9)
Bahrain 21 (1.9)
New Zealand 19 (2.3)
Ukraine 1920 @
Lebanon 18(20) @
Malaysia 18(14) @
1 Lithuania 18(1.8) @
Macedonia, Rep. of 17 24) @
Iran, Islamic Rep. of 16(1.2) @
Morocco 16(1.2) @
Italy 16(16) @
Norway 15(1.8) @
Armenia 15(1.7) @
United Arab Emirates 15(09) @
Turkey 1504 @
Tunisia 14(14) @
Kazakhstan 14(1.8) @
Chile 14(13) @
1 Georgia 13(1.7) @
Ghana 13(1.1) @
Romania 12(1.6) @
Thailand 12(15) @
Indonesia 10(1.7) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Advanced International Benchmark — Example Item ¥
Content Domain:  Geometry
Cognitive Domain: Reasoning

Ryan is packing books into a rectangular box.

All the books are the same size.

Book

What is the largest number of books that will fit inside the box?

| 2-

Answer:

Description:
Solves a word problem involving filling a three-dimensional shape with rectangular solids.

iy 3 davigh 8 Gl Jon oady 5 Load bl S<al Jlae 3o gzisal) 13
Ade b aag o (S (e (el I3 S e aae Ly ) 3315 Julasl)
i V=Y =0 and) 8 bl ek
AN alall el Jaead) doas Loy sl 038 Ja e 1580 48530 Ll 3305 e %1 -
ki %Yo é\@;mbﬁd&ﬂ\
Al o3 Ja e VoK lad 330 4e %0V —

c05 Vs el e i 43KT, AU aliall 8 dgnse AL (e AN 2 3gaill 1 Adiade



TIMSSY 11 dufyd 8 o1 — clacaly ) b Juantl) — Gualdd) Juadl) 1YY
:Aliud) Ca (AU z3gall) (0 ima S culal A S dpd V= Y0 aliwal)
Percent .
SCILE Full Credit :
Chinese Taipei 66(1.8) © E
Hong Kong SAR 65(21) © .
Korea, Rep. of 62(20) © E
2 Singapore 60 (1.9) © .
Japan 58(18) © .
2 Russian Federation 36 (26) © E
Kazakhstan 33(25) © E
1 Lithuania 30 (200 © .
Australia 29(23) © -
Finland 29 (2.3) .
Malaysia 28 (2.1) -
Slovenia 28 (2.6) E
New Zealand 27 (23) .
¥ England 26 (2.3) .
2 United States 26 (1.5) E
Armenia 25 (2.1)
Ukraine 23 (2.7)
Norway 22 (2.0)
Italy 2(2.1)
Romania 22 (2.1)
Hungary 21(1.7) @
Sweden 20 (1.6) @&
United Arab Emirates 20013) @
Turkey 20 (1.5) @
Thailand 16 (15) @
Chile 16 (1.5) @
Macedonia, Rep. of 16 (20) @
1 Georgia 15(1.7) @
Palestinian Nat'l Auth. 14(1.7) @
Bahrain 14 (15) @
Iran, Islamic Rep. of 14(1.6) @
Qatar 13(1.5) @
Tunisia 12(15) @
Saudi Arabia 12(1.7) @
Indonesia 1115 @
Oman 1109 @
Lebanon 11(18) @
Jordan 9(09) @
Syrian Arab Republic 9(15) @
Morocco 8(1.00 @
Ghana 4(1.0) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Advanced International Benchmark — Example Item ¥
Content Domain: Algebra
Cognitive Domain: Knowing

Solve this inequality.
AX—T<éix+ ¢
Answer: x < 2
Description: Solves a linear inequality

el Jlae b sa Gl 3 gl
() =)= anidl bl ek
LY e 158 0l 32U (g0 %ot v o Jisaall 130 3 obid) S5 (i e (R il -
VY a5 1aa e alle ale Jiae Jilie
%)Y Leliee Selaty ol Sl Agall Ol o Yl ol Oa -

Alajall oda 8 Gl 8 Tabiaa Ulaat Yigas oy Gl 2 3 5aill :Aiade



TIMSSY 11 dud 8 oI — bl B Juant) — (ualdd) Juail) 1YYV

ALY e BN Z3gadl (o piaua JSE culal AN BISN Ll =1 — Y0 Aliual)

c Percent
ountry Full Credit .
Korea, Rep. of 60 (23) © .
Chinese Taipei 52 (200 © .
Armenia 47 (25) © E
2 Russian Federation 46 (3.0) © .
2 Singapore 4019 © E
Lebanon 4 (3.0 © E
Hungary 38(23) © .
Kazakhstan 38(26) © E
Romania 34(24) © -
Macedonia, Rep. of 26(29) © E
1 Georgia 23(21) © -
 Lithuania 3019 © :
2 United States 21(16) © -
s
Hong Kong SAR 16 (2.0) -
Oman 15 (1.4) .
Bahrain 13(1.1) @
Ghana 13(16) @
Morocco 13012 @
Turkey 10013 @
Japan 9(12) @
Jordan 9(1.0) @
Finland 8(14 @
Australia 8(17) @
United Arab Emirates 7(08) @
Syrian Arab Republic 7(1.2) @
Qatar 6(13) @
Ukraine 6(17) @
* England 5(3) @
Italy 509 @
Palestinian Nat’l Auth. 409 @
Saudi Arabia 4(1.00 @
Indonesia 3(1.1) @
Malaysia 308 @
New Zealand 209 @
Thailand 2005 @
Slovenia 2(08) @
Norway 1005 ®
Tunisia 1(06) @
Chile 1(02) @
Iran, Islamic Rep. of 0002 @
Sweden -—

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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High International Benchmark — Example Item
Content Domain: Number
Cognitive Domain: Knowing

Peter , James, and Andrew each had Y tries at throwing balls into a basket.

Complete the missing boxes below.

Name Number of Percentage of
Successful Shots Successful Shots
Peter 10 out of 20 50 %
James 15 out of 20 7 5 |‘A,
Andrew [ 6 out of 20 80%

Description:  Given the part and the whole, can express the part as a percentage , and given
the whole and the percentage, can find the part.

illy el G dasndl) eCiplaall Jlas 3 s dllsall 230
SH=Y=Y=0 sl 4 clll eks
Jlsad) 138 e IS8 LAY (e 1585 AS Ui dalladl J5all 320305 (je %YV —
el 138 ce ey gl 33 (e %Yo (K -
Y oSl el bl Calall (€ 3 Lagyhae legange oy Adanall oda 8 J5V) sl :Adiadle
Cre pdaall (R Y a8y QLI AT 6 dpase Al Al gup &) Y DS adle S5 2y
)l Bual 4ayd



TIMSSY 1) A 8 o1 — clsalyl) A Juaadll — Gualdd) Juadl £ Y YA

P AN (e ) sl fo paia (SA culal Al AN A - Y- Y -0 aliaal)

Country Percent
Full Credit .
2 Singapore 89(12) © '
Korea, Rep. of 76 (19) © .
Hong Kong SAR 76 (2.4) © .
Chinese Taipei 69 (1.7) © -
Japan 57(22) © E
2 Russian Federation 55(2.1) © E
2 United States 54 (15) © E
Australia 53(26) © .
! Lithuania 53(1.9) © :
Sweden 51(1.8) © -
Finland 50 (24) © :
Slovenia 49 (22) © .
+ England 48(30) © :
New Zealand 46 (2.8) © E
Hungary 46 (25) © "
Italy 46 (23) ©
Norway 42 (2.4)
Malaysia 42 (2.3)
5703)
United Arab Emirates 37 (1.4)
Kazakhstan 36 (2.5)
Lebanon 35(2.5)
Armenia 34 (2.2)
Turkey 33(16) @
Ukraine 33 (2.7)
Romania 26(1.8) @
Chile 26 (15) @
Qatar 24(14) @
Macedonia, Rep. of 22 (20) @
Bahrain 22(1.7) @
Iran, Islamic Rep. of 22(20) @
Indonesia 20019 @
1 Georgia 20 (20) @
Tunisia 19(1.7) @
Thailand 18(2.1) @
Palestinian Nat’l Auth. 18(1.8) @
Syrian Arab Republic 17 (19 @
Saudi Arabia 12(1.6) @
Morocco 11(0.8) @
Jordan 11012 @
Oman 10(1.00 @
Ghana 8(1.2) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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High International Benchmark — Example Item ¥
Content Domain: Algebra
Cognitive Domain:  Reasoning

Jo has three metal blocks. The weight of each block is the
same.

When she weighed one block against A grams, this is what
happened.

Which of the following could be the weight of one metal block?

® 5g
68
® s
© 8g

Description: Identifies the quantity that satisfies two inequalities represented by balances in a
problem situation.

O AR e IS Tanag (e 43S0 Allia Lelays laiall LSED Jlae (d p z3saill 14
el B cliine J) gliad s oulsall
(O Y=Y =0 andll 8 bl ek
Al 38 Ja e 18 A8 L)) alladl Jall 3300 (e %otV —
.@;OAL&QMBM&Q%VE S -

Jasaill o Gully Glam 3 JlaeY) adaaa .l 3300 sl liglle Gand Jlae ) (e g5l 138 :ddiadle
il ans Ja 5 cbiliall el



TIMSSY V1 dula A ol — clbualll B Juaail) — (ualdd) Juadl)

Yy.

ALY (e SN 2 3gadl (o paia (S culal AN AN At Y- Y -0 aliual)

C Percent
ountry Correct
Korea, Rep. of 79(1.6) ©
Japan 76 (2.0) ©
2 Singapore 75(1.7) ©
Finland 7419 ©
Chinese Taipei 74(16) ©
Hong Kong SAR 68 (2.1) ©
2 Russian Federation 67 (22) ©
+ England 6228 ©
Australia 62(24) ©
Sweden 62(2.1) ©
1 Lithuania 61(24) ©
Hungary 58(23) ©
Slovenia 58(23) ©
2 United States 57 (1.5) ©
New Zealand 57(24) ©
Norway 55(25) ©
Ukraine 54(27) ©
Italy 51(22) ©
1 Georgia 50 (2.6)
Turkey 47 (1.7)
Thailand 46 (2.0)
Chile 45 (1.7)
Kazakhstan 43 (2.7)
Romania 40(23) @
Armenia 38(24) @
United Arab Emirates 37.14 @
Iran, Islamic Rep. of 37(21) @
Malaysia 36 (24 @
Macedonia, Rep. of 3524 @
Lebanon 3424 @
Jordan 33(19) @
Tunisia 32(1.8) @
Qatar 32(20) @
Bahrain 30(2.1) @
Palestinian Nat’'l Auth. 26 (20) @
Saudi Arabia 24(21) @
Syrian Arab Republic 22(21) @
Oman 22(13) @
Morocco 18(12) @
Indonesia 18 (1.6) @
Ghana 9(09 @

Percent significantly higher than international average
Percent significantly lower than international average
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High International Benchmark — Example Item ¥
Content Domain: Data and Chance
Cognitive Domain:  Applying

€A+ students were asked to name their favorite sport. The
results are shown in this table.

Sport Number of Students
Hockey 60
Football 180
Tennis 120
Basketball 120

Use the information in the table to complete and label this pie chart.

Popularity of Sports

Yro ocey
g Ternis

m Rosweyva\l

g Eooroo\

Description: Constructs and labels a pie chart representing a given situation \

Gl ol 530N (gl ) bl (mge e Cojlaad) Bkt Jlae & a5 Dlisall 038 o8
Lol i) e Lelia 2 ey Jpaad) 8 535msall Cilaglaall (ha
(o z=Y=Y-0 sl 4 bl el
Allad o3 Ja e 158 A8 Laal) alladl Joall 33005 4e %tV —
sda B Ul B o)) gsiene el a8s Al 038 e LAY e QLI BAOG (e %IV (R -
(%)) 3 Ule Ags Jaid oaey ). allall B Sl fpul crag lan e Al

Jfiailly slaa ) G Gslan aedl 3 il 53N (o) 4l Jilisal) (e Alisall 03a :Ad2aMa
a8 <y sl ol Caall d gytlall el §ppays asla) bl Calall e Slasl
Jasndll e sian ¥ ag () bl 8 Alladdl o Ja (e 508 B (&5 pie b sl 35

Sl S @8I el ) Jad) s



TIMSSY 11 duayd 8 o1 — clacaly ) B Jandl) — (ualdd) Juait) 1YY

ALY (e G 7 3galll o i (S culal Al SIS Ay iz-Y-Y—0 afiual)

C Percent :
ountry Full Credit :
2 Singapore 85(1.5) © '
Korea, Rep. of 85(14) © .
Chinese Taipei 80(1.7) © :
Hong Kong SAR 76 (1.8) © .
Japan 75(17) © E
Finland 70(23) © .
Slovenia 67 (25 © :
Australia 67 (23) © '
* England 65(3.00 © -
2 Russian Federation 63(26) © -
2 United States 62(17) © :
1 Lithuania 62 (25 © -
Hungary 62(21) © E
Norway 6127 © .
New Zealand 59 (25 © "
Sweden 58(19) ©
Italy 54 (25) ©
Malaysia 50 (2.2)
Ukraine 48 (3.0)
Turkey 48 (2.0)
7 03
Thailand 45 (2.3)
Chile 44 (1.7)
United Arab Emirates 1(14) @
Kazakhstan 40 (2.8) @
Jordan 34(21) @
Qatar 3322 @
Bahrain 33(1.8) @
Oman 30(1.5) @
Palestinian Nat’'l Auth. 30(1.8) @
1 Georgia 30(21) @
Romania 29(22) @
Indonesia 28(22) @
Tunisia 27(19) @
Armenia 25(22) @
Macedonia, Rep. of 24 (2.1) @
Iran, Islamic Rep. of 23(18) @
Syrian Arab Republic 23(24) ®@
Saudi Arabia 19(19) &
Morocco 18(1.1) @
Lebanon 17(1.7) @
Ghana 110103 @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Intermediate International Benchmark — Example Item
Content Domain: Algebra
Cognitive Domain: Knowing

What does xy + ) mean?

Add 1 toy, then multiply by x.
Multiply x and y by 1.
Add x to y, then add 1.

[ NONORNS)

Multiply x by y, then add 1.

Description: Knows the meaning of a simple algebraic expression involving multiplication
and addition.

L ADle e Vyyldy of 320U (el Ay Allie Gaminy bl Jlae 3 sa z3sall 12

-

£

1 r=Y—o andl 4 clll ek
%10 s Jhsadl 138 e daganall add allad) Lasgiadl -
- %09l 30! dasaall clbladl A gial) Al culk -

Lels aaad dua gl Blall (4580 o oSl (ras i g 320N ie A glal Jilsall e Ailisall 038 14d2ade
Al



TIMSSY 11 duafyd 8 o1 — clacaly ) b Juantl) — Gualdd) Juad) £ Y ¥

ALY e JY) zlsall) (o paia S8 culal AN 5N duud :i-F Y0 Aliual)

Percent .
Country Correct
Hong Kong SAR 9% (13) © E
Korea, Rep. of 91(13) © .
2 Singapore 91(1.1) © E
Chinese Taipei 0(13) © .
2 Russian Federation 89(12) © E
Japan 87(15) © .
Ukraine 81(21) © E
2 United States 80(12) © .
Armenia 79(19) © -
Slovenia 76 (20) © E
1 Lithuania 75(23) © E
Kazakhstan 73(19) © -
Hungary 73(19) © E
Finland 72(22) © -
t England 72(28) © '
1 Georgia 71(18) ©
Australia 71(23) ©
Jordan 69 (2.0)
United Arab Emirates 66 (1.4)
Italy 65 (2.0)
Romania 65 (2.3)
Macedonia, Rep. of 63 (2.5)
Bahrain 62 (1.7)
New Zealand 60(23) @
Thailand 60 (25) @
Lebanon 59(26) @
Turkey 58(1.9) @
Chile 58(24) @
Saudi Arabia 57(22) @
Palestinian Nat’l Auth. 56 (2.0) @
Qatar 55(23) @
Iran, Islamic Rep. of 55(20) @
Sweden 53(20) @
Tunisia 49(18) @
Indonesia 48 (23) @
Syrian Arab Republic 48(22) @
Oman 47(17) @
Malaysia 43(20 @
Morocco 41(16) @
Ghana 36(1.8) @
Norway 36 (26) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Intermediate International Benchmark — Example Item ¥
Content Domain: Geometry
Cognitive Domain: Knowing

‘The shape shown above is cut out of cardboard. The triangle flaps are then folded
up along the dotted lines until they touch the edges of the flaps next to them.

Complete the diagram below to show what the shape would look like when

viewed from directly abave,

Description: Given a net of a three-dimensional object completes a two-
dimensional drawing of it from a specific view point.

A llaall (o ADle alay) llaiys Auvighl snae (o g5 Claall e 8 Lad 58 z35ad) 1
Loy e anlly day)
(O G P-Y =0 anll 8 bl ek

. %0A s Jlsadl 13 e B bl gl -

cade LAY e Gl BAN e Latd %YY (K -

i) (e Calig A3S15 U i) 8 3l cpamy G el 2l AN JISEY aseie &) 1Adiadla

Ol 3300 aliea (R ol Gl L AGEN Alsyall 8 Y] A g sl &V« ug W ARES Capn

B8 aamsi) o peiall 128 Apeal cndl Lpallal) clyladll B SHL Hanny  Jlsaadl 138 e LAY (e

padaill il wsen b agle Sl gy sale) g ML Jdsally Sl e sdaul
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TIMSSY 1) Al B o1 — clsalyl) A Juaadll — Gualdd) Juad) £ Y YA

ALY e (A Zigall) (o s S alal cpdl) AN duud G- ¥ Y0 aliual)

c Percent
ountry Full Credit :
Japan 89(12) © .
Finland 89(1.1) © :
Australia 87(12) © .
Korea, Rep. of 85(13) © _
New Zealand 84(17) © .
2 Singapore 8314 © .
* England 8221 © E
2 United States 81(1.0) ©
Slovenia 81(1.7) © .
1 Lithuania 78(17) © :
Hungary 77019 © E
Hong Kong SAR 77 (20) © .
2 Russian Federation 75(17) © :
Norway 74(24) © E
Chinese Taipei 74(1.7) © .
Chile 70(18) © :
Italy 70(23) © E
Sweden 65(19 ©
Kazakhstan 60 (2.4)
Ukraine 59 (3.1)
Turkey 57 (1.8)
Malaysia 53(1.8) @
Thailand 5124 @
United Arab Emirates 50(14) @
Bahrain 49 (2.5) @
Romania 47 (2.2) @
Macedonia, Rep. of 47 (25) @
Iran, Islamic Rep. of 45(2.2) @
Tunisia 419 ®
Jordan 4218 @
Armenia 41019 @®
Qatar 40(27) @
Palestinian Nat’l Auth. 37(21) @
Saudi Arabia 37 (22) @
1 Georgia 37(25) @
Oman 36 (15) @
Morocco 35(14) &
Indonesia 2722 @
Syrian Arab Republic 26(24) @
Lebanon 2222 @
Ghana 10(13) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Low International Benchmark — Example Item
Content Domain:  Number
Cognitive Domain: Knowing

£Y No+0 VEA =

4 398

Answer:

Description: Adds a two-place and a three-place decimal

33 pe ALalill aey Q) AL (i dae pen ey s Cipleall Jlae 8 2 Y1 zasall 138
ALl ey gy AT (gyde
Gli-g=y—0 sl 4 clilyll el
) 138 e Isalal 4S5 dpalladl Jsall 32 (e %VY -

sl 138 oo Tglal i 353300 e %AY -

Agpadal) 2o pan L 33 ap bl Jall el Aleadl Jilaall (e Alisall 638 it ;AN
aellSl 1 393 28 Jladl 138 e AaY) (e A3 L 3200 (R ade canes A Al 3
- el AN Jleaiad e



TIMSSY 11 duayd 8 eI — bl B Juandl) — (ualdd) Juail) 1YY

ALY (o J ) Figalll (o e JS Ilal cpdl) 5L duwad i Y0 aliwal) I
Country Percent .
Full Credit .
2 Singapore 94 (0.8) © E
Malaysia 21 (1.2) © .
Hong Kong SAR 91 (1.5) © E
Kazakhstan 920(1.8) © .
1 Lithuania 9 (1.5) © :
2 Russian Federation 90 (1.2) © .
Chinese Taipei 89 (1.1) © E
2 United States 89(1.0) © E
Hungary 88(13) © .
Italy 88 (1.6) © :
Korea, Rep. of 87 (1.5) © -
Slovenia 85(1.7) © E
Armenia 84(19 © -
Tunisia 82(1.8) © E
Australia 82 (20) © E
Norway 81(19) ©
Lebanon 81(1.7) ©
Japan 81(1.6) ©
Ukraine 80(24) ©
United Arab Emirates 79 (1.2) ©
Sweden 79(1.7) ©
¥ England 79(24) ©
Finland 79(1.8) ©
Morocco 72 (1.7)
Qatar 72 (1.5)
New Zealand 70 (2.9)
Romania 69 (2.5)
Saudi Arabia 65(25) @
Macedonia, Rep. of 65(2.6) @
1 Georgia 64 (29 @
Thailand 64 (24 @
Chile 58(22) @
Indonesia 57(2.2) @
Palestinian Nat’l Auth. 56 (1.9) @
Oman 19 (1.6) @
Turkey 418 (1.8) @
Bahrain 43 (23) @
Iran, Islamic Rep. of 42 (2.2) @
Jordan 36 (1.7) @
Ghana 36 (2.1) @
Syrian Arab Republic 3124 @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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Low International Benchmark — Example Item ¥ :
Content Domain:  Algebra .
Cognitive Domain: Knowing :
a+b .

y== .

a=8b=6andc=2 .

What is the value of y? E

® :

10

© u -

@ 1 .

Description: Evaluates a simple algebraic expression
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Ferri e Percent :
Correct .
Korea, Rep. of 92 (1.0) © .
Chinese Taipei 91 (1.0) © E
2 Singapore 91 (1.1) © .
2 Russian Federation 91(1.6) © E
2 United States 89(1.0) © -
Japan 86 (1.5) © E
Kazakhstan 8 (19) © .
Hong Kong SAR 83(1.8) © E
! Lithuania 83(1.8) © .
Ukraine 81 (25 © E
Hungary 81(1.7) © .
Armenia 81(1.8) © E
Italy 80(2.1) © .
Slovenia 7821 © .
Finland 78(18) © :
Romania 75019 © :
Sweden 5017 © -
¥ England 73 (2.9)

Macedonia, Rep. of

71 (2.3)
Australia 71 (2.6)
Norway 70 (2.5)

1 Georgia 68 (2.2)
Qatar 66 (1.6) ®
Turkey 66 (1.8) @
Jordan 65(22) @
Indonesia 65(24) @
Chile 65(2.1) @
Syrian Arab Republic 65(23) @
United Arab Emirates 64(14) @
Bahrain 64 (2.1) @
Tunisia 6220 @
New Zealand 61 (26) @
Lebanon 60 2.6) @
Palestinian Nat’l Auth. 59(1.8) @
Saudi Arabia 57 (24) @
Thailand 56(22) @
Iran, Islamic Rep. of 5125 @
Ghana 49 (2.1) @
Oman 48 (1.5) @
Malaysia 47 (2.1) @
Morocco 45(18) @

©  Percent significantly higher than international average
®  Percent significantly lower than international average
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“There is growing evidence that teacher preparation is a powerful predictor of
students’ achievement, perhaps even overcoming socioeconomic and language

background factors" (Darling-Hammond, 2000).
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“In addition to the importance of a college or university degree or advanced degree,
the literature reports widespread agreement that teachers should have solid mastery of the

content in the subject to be taught. For example, a meta-analysis of studies in the United
States examining various teacher characteristics and student achievement found that, at least
in high school, students learn more mathematics when their mathematics teachers have

additional degrees or coursework in mathematics (Wayne &Youngs,2003).
N
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It is difficult to examine the effects of teacher experience on student achievement,
because sometimes more experienced teachers are assigned to students of higher ability
and with fewer discipline problems, and other times the more experienced teachers are
assigned to the lower-achieving students in need of more help. However, some research

has addressed this selection bias problem; and experience can have a large positive
impact primarily in the first few years of teaching, although the benefits can continue
beyond the first five years of a teacher’s career (Harris & Sass, 2011; Leigh, 2010).
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Evidence from recent meta-analyses of research conducted in the United States
shows that teacher professional development focused in mathematics content has a
significant positive effect on student achievement (Blank & de las Alas, 2009) and that the

amount of professional development (more than 14 hours) was an important factor
(Yoon, Duncan, Lee, Scarloss, & Shapley, 2007).
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Teachers with a strong sense of personal ability to organize and execute their
teaching are more open to new ideas and less likely to experience emotional burnout.

Research has shown that teachers’ self-confidence in their teaching skills is not only
associated with their professional behavior, but also with students’ performance and
motivation (Bandura, 1997; Henson, 2002).
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In teaching mathematics to this class, how confident do you feel to do the following?

Very Somewhat Not
Confident  Confident  Confident

1} Anszwer students’ questions about mathematics

2} Show students a variety of problem solving strategies

3} Provide challenging tasks for capable students

4} Adapt my teaching to engage students' interest

eNoNONeNeL
ORONCNONOL
oNONONONON

51 Help students appreciate the value of learing mathematics
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How often do you have the following types of interactions with other teachers?

*p<.05

el s jumat b Tadadil) & cplanll ¥
il 8 pd dai i) LdS)Lae 1¥(3

(

(

Dally or 1-3times  2or3times Neveror
almostdailly perweek permonth  almost never

1) Discuss how to teach a particular topic

el 35T 8y QLiS) Cangy AT Cua byl o
.ng;)&ihﬁq%uaqewdad\ ®

2) Collaborate in planning and preparing instructional
materials

3) Share what | have learned about my
teaching experiences

4) Visit another classroom to learn more
about teaching

OO0 ©O O O«

5) Work together to try out new ideas

4 OO0 O O O«
oo O O O
r OO O O O«

»

Very Collaborative | Somewhat
Collaborative Collaborative

114 75
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Teachers who are satisfied with their profession and the working conditions at
their school are more motivated to teach and prepare their instruction. Further, having
teachers that can provide leadership is a dimension of teacher quality. However,
developing master teachers requires retention in the profession. Teachers need to be

committed to the profession and like it enough to continue teaching. It may be that some
subject areas and locales would benefit from policies to reduce teacher attrition in order
to improve student achievement (Boyd, Grossman, Lankford, Loeb, & Wyckoff, 2009).
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Although a sound knowledge of science would seem to be a prerequisite for
effective science teaching, evidence directly linking teacher preparation in science to the

achievement of their students is scarce. A meta-analysis of the effects of teachers’ subject
matter preparation on their students’ achievement in mathematics and science found
some studies showing a positive effect, but in general results were mixed (Wilson, Floden,
& Ferrini-Mundi, 2002). j
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TIMS5 2011 Mathematics Topics

A. Number

1) Camputing, estimating, or approximating with whale numbers
J) Concepts of fractions and computing with fractions

3) Concepts of decimals and computing with decimals

4] Representing, comparing, ordering, and computing with integers
5) Problem solving imvalving percents and proportions

B. Algebra

1 Mumeric, abgebrraic, and geometric pattems or sequences

2| Simplifying and evaluating algebraic expressions

3] Simple linear equations and inequalrties

4] Simultaneous (two variables) equations

5) Representation of functions as ordered pairs, tables, graphs, words, of equations
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C. Geometry

1) Geometric properties of angles and geometric shapes

2) Congruent figures and similar triangles

3) Relationship between three-dimensional shapes and their two-dimensional representations

4] Using appropriate measurement formulas for perimeters, circumierences, areas, surface areas, and volumes
5) Points on the Cartesian plane

6 Translation, reflection, and rotation

D. Data and Chance

1) Reading and displaying data using tables, pictographs, bar graphs, pie charts, and line graphs
2] Interpreting data sets

3) Judging, predicting, and determining the chances of possible outcomes
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To help build a better bridge between curriculum and instruction, TIMSS 2011

collected information about the concept of student content engagement as described by
McLaughlin et al. (2005). According to this work, supported by the US National Center for

Education Statistics, student content engagement focuses on the importance of the activity
that brings the student and the subject matter content together.
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Studies have shown that resources are crucial for improving schooling, perhaps
even more so in developing countries than in economically developed countries, where
adequate school structures and material resources can be taken for granted (Lee & Zuze,

2011). The extent and quality of school resources can have an important impact on the
quality of classroom instruction.
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A recent study summarizing 25 meta-analyses determined that computer use in the
classroom has a significant positive effect on achievement at all grade levels and in all

subjects (Tamim, Bernard, Borokhovski, Abrami, & Schmidt, 2011).
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Teachers have a number of informal and formal ways to evaluate student learning.
Informal assessments during instruction help teachers identify the needs of particular

individuals, gauge the pace of instruction, and signal the need to adapt or reteach. Formal
tests typically are used to make important decisions about the students, such as grades or
marks.
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Conclusions and Recommendations

Foreword

TIMSS provides an important data base whether inside one state or a group of advanced and
developing states. These include the Arab states group that applies the TIMSS study which
reflects the true or real situation of the teaching/learning process in science and mathematics
in these states.

This study which covers two basic subjects, science and mathematics, aims at pinpointing
the factors of strength and weakness affecting each country’s educational situation. These
factors, including such variables as the teacher educational background, the curricula and
classroom learning resources, help decision makers and general educational policy
formulators to make the necessary adjustments required to deepen and reinforce the points of
strength and tackle and rectify the points of weakness. Thus every participating state can
compare its own educational situation with that of other states of comparable economic and
social situations, and, consequently, benefit from the experiences of others to make the
adaptations and developments required by such experiences.

Based on the above, we felt that there should be conclusions and recommendations to be on
hand for policy makers in Lebanon in the hope that they will help in investing the state’s
capabilities and human resources in the best possible manner.
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1- Student Achievement in Science

In TIMSS 2011, Lebanon ranked the 39™ among all the participating countries and the
10™ among the Arab participating countries and its average achievement in science was
406. Singapore ranked the 1% among all the participatin% countries with an average
achievement of (590). United Arab Emirates ranked the 24™ among all the participating
countries and the 1% among the Arab participating countries  with an average
achievement of 465, which is lower than the TIMSS Scale Centerpoint of 500.

1-1 Conclusions
1-1-1 Effect of Curriculum on Student Achievement

The low achievement of students in science is due, mostly, to low scores in biology
and earth sciences which account for 55% of science materials covered by TIMSS.
This weakness among the students in Lebanon in the various cognitive fields
(knowledge, application and reasoning) is due mainly to deficiencies in the
knowledge in the various content domains of science, particularly in biology and
earth science as well as in various critical thinking skills.

1-1-2 Effect of Gender (Male — Female) on Student Achievement

The average achievement scores of boys and girls were close in the different
content domains in science with a slight edge for boys in the various content
aspects except in chemistry domain. However this difference is not statistically
significant.

In the cognitive domains, the average achievement scores of boys and girls were
close, with an edge for boys in application domain and for girls in knowledge and
reasoning domains. Here, again, this difference is not statistically significant.

1-1-3 Effect of “Familiarity with Test Language” on Student Achievement

The results shows that the effect of taking of the tests in the language spoken by
students in their daily life on the student achievement is statistically significant,
regardless of whether this language is the mother tongue or a foreign language. This
plays a significant role in improving the student performance in the different
Science content domains. Equally, familiarity with the meaning of terms used in
test questions contributes to boosting student achievement in science. Accordingly,
science books should focus on enriching student vocabulary in the terms frequently
used in their surrounding environment and in their daily life. Additionally, the
teachers should have strong language skills to enable their students to be familiar
with such scientific terminology that are used in tests. Here, we should point out
that some teachers communicate in arabic with their students at science classes
where such science subjects are taught in french or english. This should be avoided.

1-1-4 Variation in Student Achievement by the “Level of Difficulty of Question”

A big problem was evident in student performance at various levels of difficulties
of questions even those belonging to low benchmarks. This resulted from:
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— deficiency of the acquired knowledge in all content domains due to their absence
from the curricula or to the suspending of certain themes or concepts which were
originally listed in the science curriculum. The decision of the suspension of
these themes is done by recommendation of the Center for Educational Research
and Development with the approval of the Ministry of Education due to the
shortening of the academic year.

— lack of certain process skills such as reading and analyzing graphs and sketches,
particularly geological drawings and representations.

— weakness in expressing in writing what has been understood. (The percentage of
correct answers to objective questions that do not require writing skills were
much higher than correct answers to constructive response questions that require
writing skills in the cognitive domains overall).

1-1-5 Effect of Variables Related to “Teacher Educational Background” on
Student Achievement

1-1-5-1 Teacher’s educational level

There is no statistical significance for the effect of the teacher’s “educational
qualifications” on student performance. This shows that the teacher’s educational
level does not seem to directly affect student performance in Science.

1-1-5-2 Teacher’s major

The effect of the variable “teacher’s major” on student performance shows to be
statistically significant. Most students are taught by teachers who are specialized in
science but not in science education. The achievement scores of such students were
low compared with the rest of students whose teachers were specialized in science
education as well as in science. The scores of the latter were higher.

The students whose teachers possess a diploma in science and science education
show the highest performance. The coupling of teaching pedagogy with science
content is essential in raising the level of the teaching/learning process. Teachers
who specialize in science education gain greater experience in applying different
and various strategies during the teaching/learning process and assessment because
such strategies serve the different learning styles of students who thus acquire
greater ability to achieve, particularly when such experience is reinforced by
familiarity with the scientific content of the subject. This leads us to emphasize the
importance of majoring in educational pedagogy along with majoring in the science
subject itself since this boosts the teacher’s familiarity with the curriculum and the
subject content and how it should be taught. In addition, it also enriches the
teacher’s experience in assessment. When the teachers major in both science and
science education, they will thereby acquire double experience namely familiarity
with content as well as experience in application of the content and adapting it to
suit the different types of students. In this context it is useful to cite the modern
view of teaching namely “Pedagogical Content Knowledge of Teachers”, which
calls for merging content and teaching pedagogy systematically and correlatively.
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1-1-5-3 Years of experience

The result of the test shows that the effect of the variable “years of teacher’s
experience” on student performance is statistically significant. The study shows that
the “years of teacher’s experience” has a positive effect on student performance,
taking into consideration several factors relating to the type of students as to mental
abilities and classroom discipline. In general, an experience of no less than 10 years
in science teaching is found to play a positive role in student achievement, provided
that such experience is coupled with going through a variety of professional
development sessions especially in science pedagogy/instruction and science
content and science curriculum.

1-1-5-4 Participation in professional development sessions

The result of the study shows that the effect of the variable “participation in
professional development sessions” on student performance is statistically
significant.

The percentage of enrolment at sessions that deal with the integration of
information technology into science education has been the highest even though
only a low percentage of teachers are prepared to integrate ICT during the teaching
process. The percentage of enrolment at sessions on critical thinking skills and
science assessment has also been high. The percentage of enrolment at sessions on
science content and science pedagogy/instruction has been somehow lower.

However, enrolment sessions on Science curriculum have been the lowest because
most teachers consider the textbooks, rather than the curricula, as their reference.
The performance of students who were being taught by teachers who have attended
such sessions has been lower than those whose teachers have not joined such
sessions. This sheds light and poses questions on the content of these sessions and
how they are conducted and whether they are of much use.

Joining all such sessions has proven, by statistical significance, to have an effect on
student performance, with the exception of sessions on critical thinking which had
no statistically significant effect on student performance. Again, this sheds light and
poses questions on the content, usefulness and methodology of such sessions.

On the whole, it is shown that:

— Regarding teachers who have more than 10 years of effective teaching
experience:
The variable “professional development” positively affects the performance of
students who are taught by teachers of all specialties, even those who possess a
degree in science and in science teaching. There is statistical evidence on the
positive role played by “enrolment at sessions on science pedagogy/instruction,
integrating information technology into science education, science assessment and
Sscience content” in boosting performance of students, which serves to prove the
importance of developing and attending such sessions. On the other hand, there is
no statistical evidence on the effect of “enrolment at training sessions on
stimulation of critical thinking”, on the performance of students. This may be due
to the ineffectiveness of conducting such sessions and the lack of clarity
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concerning the concept of critical thinking skills in the teaching/learning
strategies.

— Regarding teachers with “less than 10 years of effective teaching experience:
It is not statically evident that “professional development” affects the
performance of students who are taught by teachers of all specialties. However,
the variable “major of teacher” does significantly affect the performance of
students and shows that possession of specialty degrees in science and science
education by teachers has a positive effect on the scores and performance of their
students.

1-1-6 Effect of Variables Related to “Teacher’s Attitude Towards Teaching
Science on Student Achievement, by Gender”

The percentage of students in Lebanon who are taught by a female teacher is higher
than those who are taught by male teachers. The achievement of students who are
taught by female teachers is higher than the achievement of students who are taught
by male teachers. This difference proves to be statistically significant.

1-1-6-1 Teacher confidence in teaching science, by gender

The effect of the variable “teacher’s confidence in teaching Science” in improving
student performance has been shown to be statistically significant. Most students in
Lebanon are generally taught by teachers who feel “very confident” in teaching
science. This means that such teachers are “very confident” in applying 3 out of 5
teaching strategies while they are “somewhat confident” in applying 2 out of 5 such
points or strategies. These strategies are:

— answering student questions on science topics: It is shown that there is no
statistical evidence on the effect of this component on the student performance in
science; which indicates that this conduct is not being applied inside the
classroom in a useful way, and that training is required on how to deal with
student questions during class discussion.

— explaining science principles and concepts by doing laboratory experiments:
The score of students whose teachers follow this strategy was the highest
compared with scores posted by the other strategies. The positive effect of this
strategy on student performance in science is statistically significant. This proves
that this strategy is being applied effectively during the classroom
teaching/learning process and therefore its application should be emphasized.

— providing talented students with challenging and stimulating tasks to arouse
their interest: the results of the study show that the smallest percentage of
students is taught by teachers who follow this strategy. There is no statistical
evidence on the effect of this component on student performance in science,
which goes to show that this strategy is not being applied effectively in classroom
teaching despite its positive effect in motivating learners to learn and improve
their performance.
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— developing and adapting teaching strategies to motivate and engage students
in the teaching learning process: It is shown that there is no statistical evidence
on the effect of this component on the student performance in science. This proves
that adopting motivating strategies that align with students’ interests are not
applied effectively by teachers with students in classrooms during science
instruction. It is therefore imperative to train and encourage teachers to make use
of this component.

— helping students to appreciate the value of learning science: It is shown that
there is no statistical evidence on the effect of this component on the performance
of students in Science. This proves that such trend (valuing of science learning)is
not being effectively addressed by teachers with their students in the classroom
during science instruction. This component should be adopted and applied.

When these results are linked to our conclusions concerning variables relating to the
teacher’s educational background; and given that the teachers have high confidence in their
ability to teach science, regardless of the years of experience; but without losing sight of the
fact that most of them have degrees in science but not in science education, we can thus
explain the reason for the low percentage of teachers who enroll at training sessions where
most were enrolled in training sessions about integration of and only few teachers
participated in session on curricula and science education. The increase in self-confidence in
the use of the teaching/learning strategies affecting student performance drove teachers to
attend fewer training sessions (as we observed above) and consequently contributed to the
low achievement of their students. This matches with conclusions regarding teachers’
responses on their confidence in teaching science (application of the five teaching strategies),
however the students’ performance were low since we found that four out of the five of these
strategies are not being effectively applied during the teaching/learning process in Lebanon.
This poses questions on the truth of the teachers claim that they really know what these
strategies actually are and how they should be applied and implemented during the
teaching/learning process.

It was also evident that there is no difference in teacher conduct and attitudes between
male and female teachers as to their confidence in applying the five strategies listed on the
scale, except for “answering student questions on scientific topics”. It implies that application
of this strategy had statistically significant effect on student performance under male teachers
only and not under female teachers, even though the scores of students under a female teacher
were higher than those of students with male teachers. This in turn poses a big question on the
proper application of these strategies through the teaching/learning process.

It is therefore imperative that teachers be trained to apply these strategies effectively
through the teaching/learning process in order to reinforce self-confidence in teaching science
effectively.

These strategies are:
— management of classroom discussion and the art of asking questions.
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— preparing creative “challenging and innovative” activities that arouse the interest of

gifted students in order to utilize the time which these students consider useless when
the teacher gives explanations to the other students. Such activities should include
stimulating tasks that attract such students.

developing and adapting their teaching performance to tie-in with the interests of
students in order to motivate them to participate.

helping students to appreciate science learning and its importance in solving daily
problems.

Concerning the strategy which is explanation of principles and concepts of science
through laboratory experiments, it proves to be absolutely effective in learning science
when used effectively during the teaching/learning process inside the classroom. Its
use must be strongly promoted.

1-1-6-2 Collaboration between 8th grade teachers to improve the
teaching/learning process:

There is statistical evidence that the “collaboration between science teachers” of
both genders has a bearing on student performance taking into consideration the
frequency or type of such collaboration. Lebanon’s students generally are taught by
“collaborative” teachers as follows:

— Most students in Lebanon are taught by teachers who collaborate with their peers
but not strongly. They hold collaborative meetings 2-3 times a month to: discuss
the way of teaching of a specific subject, cooperate in planning and preparation of
instructional tools, share what has been gained as a result of their experience in
teaching, work together to try new ideas As to visiting another classroom to
observe each other during teaching (classroom peer observation), most students in
Lebanon are taught by teachers who hardly collaborate with each other in this
regard.

— Results reveal that in the absence of collaboration, the average achievement in
science decline in comparison with those achieved in the presence of
collaboration. Statistical surveys relating to types of teacher collaboration pointed
to the following:
= There is statistical evidence on the effect of three out of five collaboration

indicators on student achievement in science in Lebanon, namely:

2 collaboration in planning and preparing instructional materials.

2 sharing acquired teaching experiences with other teachers.

2 visiting and observing another classroom being taught by a colleague to
gain wider teaching experience.

This proves that these three strategies are being successfully applied by teachers
in the course of collaborating and sharing, and therefore should be continuously
applied.
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= For the remaining two indicators, there is no statistical evidence on the effect
of their application on student achievement in science in Lebanon. The
indicators are:
2 working with other teachers to try and apply new ideas.
2 discussing methodology of teaching a specific topic.

This shows that these two latter strategies are not being effectively applied by teachers
in the course of coordination and sharing with their colleagues. It is therefore recommended
that such strategies be adopted and applied effectively.

It is necessary to increase sharing and collaboration between 8™ grade teachers by
meeting together at least once a week to discuss the points described above due to their
positive effect on student performance. Special emphasis should be placed on visiting and
observing each other’s classrooms to gain bigger experience in teaching, and cooperate in
preparing instruction materials. As to discussing methodology of teaching specific topics and
trying new ideas, this should be further investigated to find out whether they are being
usefully applied during collaborative meetings.

1-1-6-3 Teacher’s career satisfaction (for both genders)

This study shows that the effect of “teacher career satisfaction”, regardless of the sex,
on the scores achieved by students is statistically significant. This opens a wide door for
investigation of the reasons why teachers in Lebanon are somewhat less satisfied with
their careers. This component is one of the factors that affect and motivate teachers to
work to improve student achievement in science.

1-1-7 Effect of Variables Related to “Familiarity with Science Curricula” on
Student Achievement in Various Domains

1-1-7-1 Teachers feel qualified to teach science topics included in TIMSS:

Most students in Lebanon are taught by teachers who feel highly confident that they
are familiar with the 20 topics covered by TIMSS with the exception of earth
sciences. Most students (94%) have teachers who know the four chemistry topics,
followed by students (88%) who are taught by teachers familiar with the five physics
topics and by students (83%) who are taught by teachers familiar with the seven
biology topics. As for the four topics of earth sciences, there is no information about
these. In the earth sciences curriculum, there is a very brief discussion of earth
science topics in cycle 3 of basic education. In Lebanon, most of the time, a teacher
with a degree in biology teaches both life and earth sciences.

1-1-7-2 Limited learning due to deficiency in acquired knowledge:
It is evident that limited acquired knowledge in subjects covered by TIMSS 2011 is a
major negative factor affecting student performance.

Learning shortages are due to the deficiencies in acquired knowledge and skills
needed by students to improve their achievements. Most students have teachers who
consider that their students lack certain acquired knowledge and skills and have
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consequently scored lower than the other students whose teachers think that their
high scores are due to the fact that they don’t lack the required knowledge and skills.
A percentage of students similar to the latter who have the lowest scores, are
considered by their teachers to be lacking in the majority of the required knowledge
and skills.

These results, by cross comparison, indicate a link between the number of training
sessions conducted for teachers and their competence in teaching the 20 test topics and in
using active and motivating teaching strategies in science instruction. The teachers in the
participating states whose students scored highest (e.g. Singapore) had the lowest self-esteem
in feeling prepared to teach the required topics; these teachers had gone through many
training sessions particularly in science content, science education and curricula. As to the
states where teachers felt fully prepared to teach Science, they had a low level in teacher
training (Arab countries including Lebanon), and consequently a lower student achievement.

1-1-8 Effect of Variables Related to “Students Behavior During Classroom
Instruction” on their Achievement:

1-1-8-1 Instructions to engage students in learning; reported by teacher

It has been found that teacher’s view of “student participation in classroom learning”

has a statistically significant effect on student achievement.

— Most teachers in Lebanon urge students to actively participate in the
teaching/learning process by using the six motivating strategies in almost every
lesson. These are listed by order of frequency as follows::
= using of questions to elicit reasons and explanations (2). This is the most used

strategy. The scores of students whose teachers use this strategy in almost
every lesson are highest.
= summarizing what students should have learnt from the lesson (1), and relating
the lessons to the students’ daily life (5) and encouraging all students to
improve their performance (3).
= praising students for good effort (4).
* Pringing interesting objects to the class. This was the least used strategy (6).
This study shows that the effect of using strategies 1, 2, 3 and 4 on student
performance is statistically significant, but that of strategies 5 and 6 is not.
This means that strategies 5 and 6 have not been applied effectively in boosting
motivation among students. This may be due to the fact that these two strategies
are not being applied effectively in class, since most teachers rely, in their
explanations, on textbooks and do not engage learners to participate in motivating
field or laboratory activities. For strategies 1, 2, 3 and 4, these have been used
effectively in the learning/teaching process and should continue to be used with
students.
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1-1-8-2 Students engaged in learning; reported by students

It is evident that the effect of student attitude to participation in classroom learning

on their learning performance in science is statistically significant.

— Upon comparing teachers’ opinions on the six strategies they use to arouse student
motivation to participate in most lessons, with students’ opinions for their
motivation to learn science, the following is shown:

— Teachers feel that they are urging students to participate very actively in the
learning process and relating their gains to everyday life, more than half of the
students in Lebanon (52% in biology, 54% in chemistry, 54% in physics)
participate somewhat actively (not very actively) in the learning process.

— About 50% of students do not easily understand their teachers and are distracted
during lesson explanations, and, consequently, do not grasp what the teacher
expects them to do at the end of the lesson. They also feel that the teacher does
not provide tasks, activities or things that catch their interest. On the other hand,
most teachers feel that they address all these indicators.

— The lowest degree of student motivation appeared in physics, and the highest in
biology. Paradoxically, student scores in biology were lower than those in
physics. This may have to do with the curricular content of science topics as well
as the applied methodology (integration of laboratory activities and information
technology).

1-1-8-3 Teacher emphasis on science investigation; reported by students
Lebanon ranked fourth among countries of the world regarding application of
inquiry strategies in more than half the lessons during classroom teaching/learning
process. Lebanon’s average achievement in Science was low compared with the
scores of the advanced countries which claimed the least use of inquiry strategies in
more than half the lessons during classroom instruction. Singapore (ranked 36),
China (ranked 39), Korea (ranked 32) and Japan (ranked 34).

The results of the study shows that teachers in Lebanon were using almost all the
seven inquiry strategies in half the lessons on average and with disparate percentages
as shown herein below:

The strategies which were least used, but shows to be the most effective in
boosting student achievement are: the strategy of observing natural phenomena such
as the weather or a plant growing and describe what is seen (1); the strategy of
watching/observing the teacher while demonstrating an experiment or investigation
(2); the strategy of designing or planning experiments or investigations (3); the
strategy of conducting experiments or investigations (4). There should be emphasis
on the frequent use of these strategies due to their significant effect in improving
student performance while inquiring whether teachers in Lebanon use strategies 1 and
2 properly during classroom instruction.

Strategies that are used most frequently but have the least effect on student
performance are: using scientific formulae and laws to solve routine problems (5);
giving explanations about something they are studying (6), relating what they are
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learning in Science to daily lives (7). The teachers in Lebanon should continue using

these strategies with the students while inquiring whether they are using strategy (5)

properly in class.

— As to strategy (1), it has been found that there is no statistical evidence that it
affects student performance. This is probably due to the fact that this strategy is
not used properly and at the right time during the lesson. It is therefore imperative
to insure that it is being applied by teachers usefully and effectively.

— For strategies (2) and (5), it has been found that student scores improve as the
frequency of using these strategies in lessons decreases in general. Therefore it
becomes apparent that both strategies should be applied effectively within
classrooms away from direct prompting and guidance but with involving students
in a problem that forces them to inquire the results of demonstrations and
investigation activities and choose the relevant formulae and laws that lead to
solving the problem.

On the whole it is evident that;

When comparing the result of the scale related to student engagement in science
lessons (as seen by students) and the result of the scale related to instructional
strategies used to engage students in learning (as seen by teachers), and
considering the result of the scale related to the teacher emphasis on Science
investigation during the lesson that play a positive role in arousing the student
motivation to actively participate in class (as seen by teachers), we observe the
following:

— Students (in their opinion) participate somehow in the learning process while their
teachers (teacher opinion) use almost all seven inquiry strategies in half the
lessons on average, which supposes that students are motivated and have the
incentive to learn and participate effectively if such strategies are to be applied
properly. It has been found that teachers follow two of the four strategies (in all or
most lessons) and use the other two in about half the lessons. This presupposes
that their students are motivated and have the incentive to learn and participate
actively if such strategies are properly applied. There is no agreement between the
teachers’ opinion and their students. Most teachers consider the motivation
process they pursue to engage learners as good or very good (between 70 to 80%
of students are taught by teachers who claimed that they follow five of the
indicators that urge the students to participate actively in the learning process
whereas more than 50% of students do not feel themselves motivated.)

— When comparing the opinion of teachers regarding the four strategies they use to
urge students to participate against the seven strategies that direct students to learn
by inquiry strategies we find that teachers during classroom instruction focus
more on theory rather than on , experimental and research work during the lesson.

— This highlights the vital importance of teacher training in science education to
improve student performance. Failure to pursue this type of training led to lower
learning achievement particularly as a good percentage of teachers is not familiar
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with utilization of active teaching strategies that stimulate active learning through
classroom learning and motivate a larger percentage of learners to participate
effectively in the learning/teaching process and thereby improve their
performance.

Only a very small percentage of teachers interpret the scientific principles and
concepts through experiments which students are asked to carry out, and a small
percentage actually prepare incentive, challenging, creative activities that
stimulate gifted students to utilize the time which they consider useless when the
teacher explains to the rest of students, provided that such activities are
motivating and incite such gifted students.

Accordingly, teachers need to be trained in conducting laboratory work and classroom
management so that they encourage their students to carry out experiments and investigation
activities on their own. This further emphasizes the need to stimulate laboratory and research
work by students in schools to motivate teachers to enroll in as many training sessions as
possible.

1-1-9 Resources Used by Teachers in Science Teaching
The resource that is most used in the science instruction process in Lebanon is,

essentially, the textbook, whereas the resource least used is digital learning for
science teaching despite the fact that, as pointed out earlier, most teachers in
Lebanon go through training sessions on integrating information technology in the
teaching/learning process.

Only a moderate percentage of teachers use laboratory manuals and workbooks or
work sheets or other enriching teaching aids. This statistical study showed that the
effect of using all these resources during the lesson on student performance is
statistically significant. None is preferable on the other. All such resources are
effective in teaching science as follows:

e Motivating students to use computers and software for science instruction, at least
once a month, has a positive return and leads to higher score in student performance
in Lebanon. This study confirmed that use of computers and software for science
instruction affect significantly the performance of students, despite the fact that they
are not used on a large scale. It has also been proved that the highest percentage of
teachers enroll at training sessions integrating information technology in science
teaching. However many of these teachers do not apply such technology in class
even though all except 8% of participating schools have computers. It is therefore
imperative to investigate the reason for such low interest in integrating information
technology in teaching science.

e The use of the laboratory in teaching science yields a positive effect on student
performance in Lebanon. We have already seen that a larger percentage of teachers
in Lebanon (by their opinion) utilize active instructional strategies and rely, in the
laboratory, on demonstrations, but only a small percentage of such teachers
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encourage their students to conduct experiments by themselves. On the other hand,
the statistical studies show that there is no statistical evidence on the effect of the
availability of laboratory and laboratory preparation on student performance. The
reason could be the failure to use the strategy of conducting experiments by teachers
and students during the teaching/learning process. It is therefore necessary to train
teachers in directing laboratory work where they make their students conduct
experiments and inquiry activities by themselves.

1-1-10 Classroom Assessment
Most teachers in Lebanon conduct summative assessment for their students once every

two weeks. Most questions given in such tests focus on application of knowledge and
understanding and require explanations or justifications; smaller number of
questions focuses on giving hypotheses and designing scientific investigations.
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1-2 Recommendations in Science

1-2-1 For Universities

Include earth and space sciences in the curricula of the Faculty of Sciences at

Lebanon’s universities as compulsory courses.

Require every science teacher to have a teaching diploma in science education.

Train Faculty of Science students on individual laboratory work and train Faculty of

Education students, who are specialized in science education, on the management

and assessment of laboratory work in schools and especially the science experiments

included in the science national books.

Train students who are specializing in science education, on:

— Preparing classroom activities relating the curricula philosophy, to the content,
skills and attitudes, provided that these activities are cross-curricular.

— Preparing activities including inquiry skills.

— Activating the integration of information technology within activities that are
applied in classrooms.

— Designing and implementing coordination strategies between Science teachers as
well as collaboration strategies with other subject teachers (teaching learning
circles).

1-2-2 Professional Development for Teachers

Prepare a comprehensive plan for continuous teacher training on a continuous and

permanent basis.

Focus on teacher’s knowledge of science curriculum, because most teachers consider

the textbook as their reference and not the curricula.

Train teachers on how to study the curriculum vertically and horizontally to know the

student scope during the school year as well as during a specific study period.

Equip schools to be ready to integrate ICT in the teaching process, and uncover the

reasons that prevent the activation of ICT use in classrooms.

Conduct training sessions on the content of:

— earth science

— ecology

Conduct training sessions in Science education on:

— Classroom management and the art of posing questions (techniques or ways).

— Explanation of science principles and concepts through laboratory experiments
carried out by students.

— Preparation of creative activities to stimulate gifted students in order to effectively
use the time which such students consider useless when the teacher is explaining
to the rest of students. Such activities must include motivating tasks in order to
incite the interest of these students.
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e Conduct training sessions based on the characteristics of the curriculum and inquiry
strategies, especially those that concern laboratory work and how to plan for such
class periods to give the students the chance to conduct experiments.

e Conduct training sessions on the integration of ICT in preparing, applying and
following up lessons in order to be effectively used in class.

1-2-3 Employment of Teachers, Development of Curricula and Assignment of

Lesson Periods

e Employ teachers with degrees in science and science education.

e Assign class periods as follows: 35% for biology, 20% for earth sciences, 25% for
physics, and 20 % for chemistry. Reconsider the science curriculum for cycle 3 of
basic education.

e Reconsider the themes and subjects which were suspended by the decision of the
Ministry of Education based on the recommendation of CERD due to shortening of
the school year.

¢ Review the basis of the assessment and the requirements of action verbs followed in
science courses. (Closer match between the assessment followed during general
education level (before university) and that followed in the university must be
enhanced. Continuum between the assessment framework of the general education
and that of university education must be present and maintained).

e Activate collaboration, cooperation and coordination between the same class teachers
to meet at least once a week for consultation on common points among various
courses, particularly the need to visit and observe each other’s classes in order to
gain greater experience in teaching and cooperation in preparing instruction tools,
discussing teaching a specific subject, and trying new ideas.
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2-Student Achievement in Mathematics

In TIMSS 2011, Lebanon ranked the 25™ among all the participating countries and
the 2" among the Arab participating countries. Its average achievement in
Mathematics was 449. Korea ranked the first among all of the participating countries
with an average achievement of 613. United Arab Emirates ranked the 23" among
all the participating countries and the 1% among the Arab participating countries with
an average achievement of 456 which is lower than the TIMSS Scale Centerpoint of
500.

2-1 Conclusions

2-1-1 Effect of Curriculum on Student Achievement

e The low achievement of students in mathematics is particularly due to the apparent
low scores in the data and chance content domain, which accounts for 20% of
mathematics content in TIMSS. Also, the poor achievement in geometry which also
accounts for 20% of TIMSS content is affecting the general low scoring in
mathematics. It should be noted that 3D geometry (space geometry) has been
eliminated from the Lebanese cycle 3 curriculum which in turn contributed to the
low results in geometry.

e Low student scores in mathematics is also due to weakness in both cognitive
domains: application and reasoning in particular.

2-1-2 Effect of Gender (Male — Female) on Student Achievement Mathematics:

e The average achievement of boys was higher than that of girls in mathematics by a
statistically significant margin. Boys outperformed girls most in the content of the
domain of numbers followed by geometry, then algebra and finally data and chance.

¢ In the cognitive domains, boys outperformed girls in various cognitive domains by a
statistically significant margin. Boys outperformed girls by the widest margin in
reasoning followed by application and knowledge.

2-1-3 Effect of familiarity of test language on student achievement in mathematics:
The results show that the effect of taking of the tests in a language spoken by the
students in everyday life is statistically significant, whether such language is the mother
tongue or a foreign language. This contributes to improving student scores and
performance in mathematics topics. Understanding test language contributes to higher
student scores in mathematics. This, unfortunately, is not the case in a large number of
schools in Lebanon.

2-1-4 Variation in Student Achievement by the Level of Difficulty of Question:
Students’ performance revealed the presence of a big problem in the questions related to
data and chance or space geometry, even those belonging to low benchmarks. On the
other hand students in Lebanon posted high scores in algebra, well above the
international average even in questions of the high benchmark. This is due to:
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o deficiency of acquired information in some content domains either because some
themes are missing from the curriculum, or because of suspension of the content of
certain themes or the information originally included in the mathematics curriculum
as recommended by the Center for Educational Research and Development and
sanctioned by the Ministry of Education due to the shortening of the academic year.

o deficiencies in certain process skills such as reading and analyzing graphs.

e teachers’ concentration on teaching algebra at the expense of geometry and
data/chance. This may be due to teachers’ familiarity with algebra. Here it should be
noted that large numbers of eighth grade teachers have specialties other than
mathematics, and this pushes them to preclude mathematics subjects that need
specialization. (A teacher who is specialized in physics or chemistry can easily teach
algebra but may not be able to teach geometry).
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2-1-5 Effect of Teacher Educational Background on Student Achievement

2-1-5-1 Teacher’s educational level

There is no statistical evidence on the effect of a teacher’s educational level on the
scores posted by students. This demonstrates that a teacher’s academic background
may not be an effective factor directly impacting the achievement scores of his/her
students in mathematics.

2-1-5-2 Teacher’s major

Lebanon’s results in mathematics (achievement scores) shows a positive, statistically
significant impact of the teachers possessing specialty degrees in mathematics and in
mathematics education. Worldwide results confirm this conclusion. Coupling
teaching pedagogies with content is also essential for promoting the teaching /
learning process, since teachers who specialize in mathematics education acquire
wider experience in applying different and diverse strategies in the teaching/learning
process, and also in the assessment process that matches different students learning
styles and endows them with greater achievement ability. If a teacher has a degree in
both mathematics and mathematics education, this makes him/her familiar with
content and experienced in applying this content as well as adapting it to suit the
needs of students. In this regard we cite the modern teaching theory, namely
“Pedagogical Content Knowledge of Teachers” which merges content with teaching
pedagogy in a consistent and correlative manner.

2-1-5-3 Years of experience

Results did not show statistical evidence on the effect of a mathematics teacher’s
years of experience on student achievement in Lebanon. However, results worldwide
confirmed the importance of experience and its positive effect on achievement
scores.

2-1-5-4 Participation in professional development sessions

We find that more than 50% of mathematics teachers in Lebanon have enrolled and
are enrolling at training sessions on all levels. These sessions were mostly concerned
with integrating ICT in teaching mathematics content and pedagogy, and training on
developing student critical thinking and assessment. The smallest percentage of
teachers was enrolled in training sessions about the mathematics curriculum. The
study shows statistical evidence on the effect of enrollment of teachers in training
sessions about mathematics education and mathematics curriculum and critical
thinking and ICT on the student performance. However, there was no statistical
evidence for effectiveness of enrollment in training sessions on mathematics content
or assessment on student performance. This may be due to the fact that such sessions
are ineffective despite their importance, and because the idea of assessment is not
clear in the Lebanese curricula. The highest scores were posted by students whose
teachers have attended sessions on integration of information technology into
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mathematics education, mathematics education and critical thinking, which further
emphasizes the importance of developing such sessions.

These results have shown the following:

The frequency of enrollment in training sessions on Mathematics curriculum has
been the lowest since most teachers consider the textbooks, rather than the
curriculum, as their reference.

A very small percentage of teachers are qualified to integrate information
technology in the teaching process.

A small percentage of teachers prepare challenging, creative activities to activate
the interest of gifted students in order to usefully utilize the time which such
students consider useless when the teacher is engaged in explaining materials for
the rest of the class. Such activities must include motivating tasks that capture the
interest of these students.

On the whole, it is shown that:

For teachers with more than ten years of experience, the variable
“professional development” affects significantly the student performance, and
also, the variable “specialty/major” has an impact on student performance, with
statistical evidence.

For teachers with less than ten years of experience, the variable “professional
development” affects, by statistical significance, the performance of their
students. Also the “specialty/major” variable affects the performance of students.
For teachers who have a degree in mathematics and in mathematics
education, It was statistical evident that their enrollment in training sessions on
mathematics curriculum or critical thinking affects the performance of their
students. However, there is no similar statistical evidence for the effect of their
enrollment in sessions on integrating information technology, content or
assessment.

Teachers lacking degrees in mathematics and mathematics education, the
participation of such teachers in training sessions has a significant effect on the
student performance in all sessions except for those relating to content and critical
thinking. We conclude from the above that professional development has a
positive impact on teachers with long experience in teaching, as well as teachers
with less than 10 years of experience. As to teachers with degrees in mathematics
and mathematics education, these can join sessions on curricula and critical
thinking which positively affect the student performance.

2-1-6 Effect of Variables Related to “Teacher’s Attitude towards Teaching
Mathematics on Student Achievement, by Gender” The percentage of students who
are taught by a female teacher is higher than those who are taught by a male teacher.
There is statistically significant evidence that students of female teachers score
noticeably higher than those who have male teachers.
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2-1-6-1 Teacher’s confidence in his/her ability to teach mathematics, by gender
The effect of the variable “Teacher’s Confidence in Teaching” mathematics on
student performance is statistically significant. Students in Lebanon, generally, are
taught by teachers with high confidence in teaching mathematics. This means that
such teachers are “very confident” in carrying out 3 of 5 teaching strategies with full
confidence, and “somewhat confident” in implementing 2 of 5 of these points or
strategies. These strategies are:

— Responding to student questions on mathematics topics. The study shows that
the effect of this indicator on student performance in mathematics is statistically
significant. This proves that the application of this strategy inside the classes in a
useful way affects positively student achievement in Mathematics.

— Adopting a variety of methods in solving problems with full confidence.

The achievement averages of students whose teachers follow this method were
the highest compared with averages of other methods. The study shows statistical
evidence of the effect of this method on student achievement averages in
Mathematics. This indicates that applying such a method in an effective way
during the classroom teaching/learning process has a positive impact on student
performance.

— Helping students appreciate the importance of learning mathematics in full
confidence.

There is statistical evidence on the impact of this variable on the student
performance in mathematics. This proves that applying this strategy in an
effective way in the classrooms boosts the performance of students.

— Engaging students in the teaching/learning processes with full confidence.
The statistical study has confirmed that the effect of this component on student
performance in mathematics is statistically significant. This shows that
methodologies which seek to engage students in the mathematics learning process
have a significant effect on improving student performance.

— Supplying students with complex and challenging questions. The percentage of
students whose teachers apply this strategy was the lowest. Statistical surveys
shows statistically significant evidence that this variable affects the student
performance which proves that this strategy has positive impact on improving
averages in mathematics.

When we relate these results with those we reached concerning the variables related to
teachers educational background, we find that teachers have high confidence in their ability to
teach mathematics, regardless of years of experience, considering that most have degrees in
mathematics but not in mathematics education. This led to a decline in the number of teachers
participating in training sessions, most of which revolved on the use of ICT, and only a few
on curricula and mathematics Education. The increasing confidence in the use of the
teaching/learning strategies that affect student performance led teachers to join fewer training
sessions (as shown above) which contributed to a decline in their student performance. This
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ties in with results related to responses of teachers on their confidence for teaching
mathematics (application of 5 teaching strategies), since we found that 4 out of 5 strategies
that improve self-confidence in teaching mathematics are not effectively applied during the
teaching/learning process in Lebanon. This calls into question the truth about the teachers’
actual familiarity with these strategies and how they are implemented and applied during the
teaching/learning process.

No significant discrepancy is evident between teachers conduct and attitude, male and
female, as to self-confidence in teaching mathematics and adopting the strategies listed in the
scale, except for the indicator “providing outstanding students with complex, challenging
tasks to incite their interest”. Here there is significant statistical evidence that female teachers
apply this strategy more effectively than their male counterparts.

2-1-6-2 The collaboration among 8th grade teachers to improve the

teaching/learning process.

— The study shows that there is statistical evidence that collaboration among 8"
grade teachers, regardless of gender, has a positive effect on student performance
depending on frequency and type of collaboration. Students in Lebanon are taught
by “collaborative” teachers, as follows:
= The majority of students in Lebanon are taught by teachers “who coordinate

with each other”, whereas a smaller percentage of students have teachers who
“strongly coordinate with each other”. A very small percentage of students
have teachers who “hardly coordinate with each other” and consequently their
performance was the lowest.
There is statistical evidence on the effect of two out of 5 collaboration
strategies on student achievement in mathematics in Lebanon, namely:
2 discussing a method for teaching a specific subject
2 cooperation in planning and preparation of teaching tools
This proves that these two strategies are being successfully applied by
teachers in the course of collaborating and sharing, and therefore should be
continuously applied.
For the remaining three strategies, there is no statistical evidence on the effect
of their application on student achievement in mathematics in Lebanon.
These are:
2 working with other teaches to try and apply new ideas.

sharing experiences gained in teaching with other teachers.

attending and observing a class period given by a fellow teacher to gain more

teaching experience.

This proves that not all practices are applied effectively by teachers during

coordination and collaboration.

7
7

2-1-6-3 Teacher’s Career Satisfaction (for both genders)
This study shows that the effect of “teacher career satisfaction” regardless of gender
on student performance is statistically significant.



Conclusions and Recommendations

2-1-7 Effect of Variables Related to “Familiarity with Mathematics Curriculum”
on Students Achievement in Various Domains

2-1-7-1 Teachers feel qualified to teach mathematics topics covered in TIMSS
Most students in Lebanon have teachers who feel highly confident in teaching
numbers and algebra. A lower percentage of students -very low compared to other
countries- are taught by teachers’ who are confident in their ability to teach
geometry. The percentage was even lower concerning teachers confidence in their
ability to teach topics related to data and chance.

2-1-7-2 Limited learning due to deficiency in acquired knowledge
It is evident that:

— insufficient mastery of subjects proposed by TIMSS is a factor that negatively
affects student performance.

— insufficient learning is related to deficiency in acquired knowledge and skKills
needed by students to improve their performance. Students whose teachers feel
that they are not versed enough in certain information and skills, had lower scores
than students whose teachers feel are not deficient in information and skills.

2-1-8 Effect of Variables Related to “Students behavior during Classroom
Instruction” on their Achievement in Mathematics

2-1-8-1 Instructions to engage students in learning; reported by teachers

This study shows that, based on teacher’s opinion, “student participation in
classroom learning” has a statistically significant effect on student achievement.

The result shows that most teachers in Lebanon urge their students to actively
participate by using the six motivating strategies in almost every lesson. These are,
by order of frequency of:

— praising students for good effort.

— encouraging all students to improve their performance.

— summarizing what students should have learnt from the lesson.

— using questions to elicit reasons and explanations.

— bringing interesting objects to the class.

— relating lessons to students’ everyday life.

All of these strategies had statistical significance through their effect on student
performance, except for “encouraging all students to improve their performance”
which, presumably, is not being applied effectively in classrooms in Lebanon. Most
teachers consider the student who is weak in mathematics as not qualified to learn
mathematics.

Results also revealed that the use of all six strategies is important and has positive
effect on student performance. This is particularly true of the two strategies “Relate
lessons to students’ everyday life” and “Bringing interesting objects to the class”.
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However, results in Lebanon have shown that the percentage of teachers who use
these two strategies is the lowest.

2-1-8-2 Students engaged in learning; reported by students

It is evident that the effect of student attitude to participation in classroom learning
on their learning performance in mathematics is statistically significant.

To ascertain the extent of student effective engagement in the classroom learning
process in the various mathematics domains, the six indicators listed under
“Effective Student Engagement” are used. These are:

— | enjoy learning mathematics.

— | would rather not have to study mathematics (with a reverse code).

— Mathematics is boring (with reverse code).

— I learn a lot of interesting things in mathematics.

— | love mathematics.

A majority of students in Lebanon are engaged “somehow” in the learning process,
and a smaller percentage of students are engaged effectively in the learning process
and they achieved higher scores. The lowest percentage of students does not
participate effectively and thus have low achievement scores.

2-1-8-3 Students value mathematics
To gauge student appreciation of mathematics the following six indicators are
considered:

— I think learning mathematics will help me in my daily life (1).

- I need mathematics to learn other school subjects (2).

- I need to do well in mathematics to get into the university of my choice (3).
- I need to do well in mathematics to get the job | want (4).

- l'would like a job that involves using mathematics (5).

- Itis important to do well in mathematics (6).
Most students in Lebanon value mathematics. A lower percentage of students
“value somehow” mathematics and their scores have been low. The smallest
percentage of students is those who do not value mathematics and their scores
were even lower.

Results show that some of the six indicators are statistically significant concerning
their effect on the student performance. These include: Numbers 3 and 5 which relate
to the importance of mathematics for admission to university or getting a job. The
other indicators are not statistically significant, and these show that students do not
consider mathematics an important factor in real life and other subjects. Most
students do not think that a high score in mathematics is an important matter. The
reason for that belief is that the teacher does not relate mathematics to everyday life,
which can probably be blamed on to the rigidity of current curricula in Lebanon.
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2-1-9 Effect of Variables Related to “Resources Used by Teacher in Teaching
Mathematics” on the Achievement of Students in Mathematics

Most teachers of Lebanon’s students considered the textbook as the approved basis for
teaching mathematics, while a minority of teachers considered the mathematics
textbook as an aid attached to the teaching staff. As to workbooks and worksheets, these
were considered helpful by the teachers of the majority of students, while only a
minority considered them as a basic factor in the learning process. Regarding teaching
aids and concrete tools; teachers of most students consider these materials as auxiliary
while a minority considers them essential and an integral part of the teaching process.
Turning to computer software for Mathematics instruction, it was found that 69% of
students in the world consider them as helpful against 14% who consider them essential.

Statistical results have confirmed that all the resources used in teaching Mathematics,
whether books, brochures, Integration of information technology in mathematics
teaching, concrete tools are all effective and indispensable factors, by statistical
significance.

2-1-9-1 Integration of information technology in mathematics teaching

e Using computers in teaching mathematics
The highest percentage of participating schools in Lebanon have 10 computers each
available for use in classrooms. A smaller percentage of schools have 20 computers
each for classroom use. The remaining schools have either no computers or have one
or two only. This last category is very small.

A “low” percentage of students in Lebanon have teachers who use computers and
suitable software in teaching mathematics, and their achievement scores were higher
than most other students whose teachers use computers and software at least once a
month to discover a certain concept or search for information and ideas for data
processing and analyzing, or for training and practicing skills and procedures.

The results of this study show that the effect of the use of computers in teaching
mathematics to discover a concept on student performance is not statistically
significant (because this technique is not applied inside classrooms in Lebanon).
Also, the effect of using computers to process and analyze data was not statistically
significant, and this resulted in failure of students to achieve high scores in the data
and chance domain because data processing and analysis by using computers helps
greatly in understanding and acquiring such concepts. On the other hand, the effect
of the use of computers to search for certain information and to train and practice
skills and procedures has been statistically significant. This shows that such
techniques have been actually effective.
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2-1-9-2 Using Calculators in Teaching Mathematics

The results show that the achievement average of students who are not allowed to
use calculators in mathematics classes is higher than that of students who are allowed
to use calculators within certain specified conditions. However the average of
students who are allowed to use calculators with no constrictions was the lowest.

Additionally, it appears that the use of calculators within certain specified conditions
in a mathematics class has a positive effect on student achievement in that subject.

2-1-10 Classroom Assessment
The percentage of students whose teachers give them tests once every two weeks is
higher than those who give tests once a month.

Higher achievement averages were scored by students whose teachers give tests
requiring explanation and justification, compared with students whose teachers give
them tests requiring critical thinking and problem-solving. This result proves that
students are not used to problems based on critical thinking and, problem-solving skills,
a fact that adversely affects their achievement.

2-2 Recommendations

2-2-1 For Universities

Reconsider the Faculty of Education curricula which prepare teachers to keep up
with technological development.

Prepare teachers with degrees in mathematics and mathematics education.

Urge the students at the faculty of education (specializing in mathematics) to learn
and expand their knowledge of the 3-D shapes (solid geometry).

Request a teaching diploma in mathematics for mathematics teachers.

Train university students on the new computer programs: Geospace, Geoplan,

“Cabri Géométrie”, Geogebra.

While specializing in mathematics education, emphasis should be placed on training
future teachers on preparing class activities that relate the curricular philosophy with
the curricular content, skills and attitudes provided that this relation be cross-
curricular.

Train teachers on how to study the curriculum vertically and horizontally to
comprehend the scope and sequence during the school year as well as during a
specific study period.

Train teachers to prepare activities in problem solving techniques used in East Asian
countries which have proven to affect positively student performance.

Activate ICT as part of preparing exercises that are applicable in classrooms.

Enable students to relate what they learn in mathematics to their everyday life.

2-2-2 Regarding Professional Development of Teachers

Prepare a master plan for training teachers on a continuous and permanent basis.
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e Emphasize the following points in teacher training courses:

Class room management and art of posing questions in class.

Focus on problem-solving techniques and refrain from sticking to the methods
listed in the textbook or official examinations.

Prepare creative activities to stimulate the interest of gifted students.

Use the five strategies to motivate students, particularly linking lessons to
students’ daily life, and posing questions techniques in such a way to elicit
reasoning and justification.

Both teachers and students should be trained on the use of computers because
such use has a positive return and leads to higher scores among student of
Lebanon in particular, provided it is incorporated into the education process
through modern programs that encourage students to explore and discover.

Focus on teacher’s mastery of mathematics curriculum (as most teachers consider
the textbook rather than the curriculum as their reference).

Equip schools to integrate ICT in the teaching process.

Teachers should attend training sessions, in curricula, particularly (relating to 3D
geometric forms ,solid geometry, and how to teach it)

Teachers should attend training sessions on the features of the curricula and
problem-solving techniques, especially those related to students’ everyday life.
Pinpoint the reasons that stand in the way of using ICT in classrooms.

Conduct training sessions on the use of ICT in preparing lessons and consequently
follow up on ICT applications inside classrooms.

2-2-3 Recruiting Teachers and Development of Curricula

e Employ teachers who major in both, mathematics and mathematics education.

¢ Reconsider mathematics curricula for cycles 1, 2 and 3 of basic education (content,
objectives and periods of study every week).

¢ Reconsider the bases of assessment.



