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Preface

Background

Advancing science and mathematics education has long been the focus of
studies by the IEA, the International Association for the Evaluation of
Educational Achievement. Reflecting the seminal place that these two key
curriculum areas hold in all educational systems as fundamental to devel-
oping technologically proficient societies, IEA has been measuring student
achievement and collecting contextual information to facilitate student
learning in mathematics and science for nearly 40 years.

The conduct of the First International Mathematics Study (FIMS)
dates back to 1964, and science first was assessed as part of the Six Subject
Study in 1970-71. Mathematics and science were again the focus of major
research efforts in 1980-82 and 1983-84, respectively. In 1990, the IEA
General Assembly determined to assess science and mathematics together
on a regular basis every four years. This decision marked the first of the
large-scale international studies to measure trends in student performance,
beginning with the original TIMSS (the Third International Mathematics
and Science Study) conducted in 1995, TIMSS-Repeat in 1999, and now
TIMSS 2003 (renamed the Trends in International Mathematics and
Science Study), also known as TIMSS Trends.

Frameworks for TIMSS 2003

A particular challenge for TIMSS 2003 was developing this set of frame-
works articulating important content for students to have learned in math-
ematics and science, as well as describing important home and school
contexts influencing achievement in these subjects. It is important that
these frameworks capture important issues for mathematics and science
education today, while providing the vision necessary to take the TIMSS
cycle of studies beyond the 2003 assessment. The frameworks, produced
at the beginning of the new millennium, are designed to shape future IEA
assessments in mathematics and science so that they can evolve with the
times, while recognizing the axiom — If you want to measure change, do not
change the measure.

The TIMSS International Study Center at Boston College prepared
this second edition of the frameworks to provide examples of the types of
assessment questions contained in the TIMSS 2003 assessment. The exam-
ple items for mathematics are presented in Appendix B and for science in
Appendix C. The second edition also contains some minor revisions, in
particular to the section on the assessment design.

TIMSS 2003
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Overview

The Trends in International Mathematics and
Science Study (TIMSS') is a project of the
International Association for the Evaluation of
Educational Achievement (IEA). The IEA is an
independent international cooperative of nation-
al research institutions and government agencies
that has been conducting studies of cross-nation-
al achievement since 1959.

TIMSS 2003 is the most recent in the
series of IEA studies to measure trends in stu-
dents’ mathematics and science achievement.
Offered first in 1995 and then in 1999, the reg-
ular cycle of TIMSS studies provides countries
with an unprecedented opportunity to measure
progress in educational achievement in mathe-
matics and science.

Additionally, to provide each participating
country with a rich resource for interpreting the
achievement results and to track changes in
instructional practices, TIMSS asks students, their
teachers, and their school principals to complete
questionnaires about the contexts for learning
mathematics and science. Trend data from these
questionnaires provide a dynamic picture of
changes in the implementation of educational
policies and practices and help to raise new issues
relevant to improvement efforts. TIMSS data
have had an enduring impact on reform and
development efforts in mathematics and science
education around the world, leading on one
hand to continuing demand for trend data to
monitor developments and on the other to a
need for more and better policy-relevant infor-
mation to guide and evaluate new initiatives.2

1 Originally named the Third International Mathematics and
Science Study.

2 Robitaille, D. F, Beaton, A. E., and Plomp, T., eds. (2000), The
Impact of TIMSS on the Teaching and Learning of Mathematics
and Science, Vancouver, BC: Pacific Educational Press.

This publication, the TIMSS Assessment
Frameworks and Specifications, serves as the basis
of TIMSS 2003 and beyond. It describes in
some detail the mathematics and science con-
tent to be assessed in future assessments in
mathematics and science. Topic areas are elabo-
rated with objectives specific to grades 4 and 8.
The TIMSS frameworks document also
describes the contextual factors associated with
students’ learning in mathematics and science
that will be investigated. Finally, it provides an
overview of the assessment design and the
guidelines for item development.

The TIMSS Curriculum Model

Building on earlier IEA studies of mathematics
and science achievement, TIMSS uses the cur-
riculum, broadly defined, as the major organiz-
ing concept in considering how educational
opportunities are provided to students, and the
factors that influence how students use these
opportunities. The TIMSS curriculum model has
three aspects: the intended curriculum, the
implemented curriculum, and the achieved cur-
riculum (see Exhibit 1). These represent, respec-
tively, the mathematics and science that society
intends for students to learn and how the educa-
tion system should be organized to facilitate this

Exhibit 1: TIMSS Curriculum Model

National Social
and Educational
Context

Intended

Curriculum

School, Teacher
and Classroom
Context

Implemented
Curriculum

Student
Outcomes and
Charactertistics

Attained

Curriculum
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learning; what is actually taught in classrooms,
who teaches it, and how it is taught; and, finally,
what it is that students have learned, and what
they think about these subjects.

Working from this model, TIMSS uses
mathematics and science achievement tests to
describe student learning in the participating
countries, together with questionnaires to pro-
vide a wealth of information. The questionnaires
ask about the structure and content of the
intended curriculum in mathematics and sci-
ence, the preparation, experience, and attitudes
of teachers, the mathematics and science content
actually taught, the instructional approaches
used, the organization and resources of schools
and classrooms, and the experiences and atti-
tudes of the students in the schools.

Introduction

The Development Process for the
TIMSS Assessment Frameworks
and Specifications

Developing this document began by updating
the Curriculum Frameworks for Mathematics and
Science® used as the basis for the 1995 and 1999
assessments. This process involved widespread
participation and reviews by educators around
the world. To permit the content assessed by
TIMSS to evolve, the frameworks were revised
to reflect changes during the last decade in cur-
ricula and the way mathematics and science are
taught. In particular, the frameworks were
expanded to provide specific objectives for
assessing students at grades 4 and 8, resulting in
the specifications for the assessments in mathe-
matics and science contained in this document.

To provide the basis for valid international
tests, assessment frameworks require extensive
international input. They must be appropriate
for the levels of mathematics and science learn-
ing of the populations studied in the many
TIMSS countries, and hence representatives
from national centers were asked to play an
important role in contributing critiques and
advice as the frameworks were developed.

An international panel of mathematics and
science education and testing experts provided
guidance for the general form the assessment
frameworks should take. The U.S. National
Science Foundation provided support for the
meetings and the work of the expert panel.
Using an iterative process, successive drafts were
presented for comment and review by National
Research Coordinators (NRCs), national commit-
tees, and expert panel members. A detailed
questionnaire to participating countries about

3 Robitaille, D.F, et al (1993), TIMSS Monograph No. 1:
Curriculum Frameworks for Mathematics and Science,
Vancouver, BC: Pacific Educational Press.



topics included in their curricula provided valu-
able feedback on the suitability of assessing indi-
vidual mathematics and science topics at the
fourth and eighth grades.

The frameworks do not consist solely of
content and behaviors included in the curricula
of all participating countries. The aim of the
extensive consultation on curriculum was to
ensure that goals of mathematics and science
education regarded as important in a significant
number of countries are included. The ability of
policy makers to make sound judgments about
relative strengths and weaknesses of mathemat-
ics and science education in their systems
depends on achievement measures being based,
as closely as possible, on what students in their
systems have actually been taught. This is also a
prerequisite for valid use of the measures in
many potential secondary analyses.

The following factors were considered in
finalizing the content domains and the topics
and objectives of the assessment frameworks:

¢ Inclusion of the content in the
curricula of a significant number of
participating countries

e Alignment of the content domains with
the reporting categories of TIMSS 1995
and TIMSS 1999

¢ The likely importance of the content to
future developments in mathematics and
science education

e Appropriateness for the populations of
students being assessed

e Suitability for being assessed in a large-
scale international study

e Contribution to overall test balance
and coverage of content and
cognitive domains.

The TIMSS Tests

The overriding principle in constructing tests for
the upcoming cycles of the study is to produce
assessment instruments that will generate
achievement data that are valid for the purposes
they are to be used for, and are reliable. Based
on the frameworks, the TIMSS tests are devel-
oped through an international consensus-build-
ing process involving input from experts in
education, mathematics, science, and measure-
ment. The tests contain questions requiring stu-
dents to select appropriate responses or to solve
problems and answer questions in an open-
ended format. With each cycle, TIMSS releases
test questions to the public and then replaces
these with newly developed questions. As in
earlier phases of TIMSS, most test items, while
focusing on a particular content element, will
also assume knowledge or skills from one or
more other content areas. Additionally, some
topics have been stated more broadly, and it is
expected that a number of the newly developed
items will require students to synthesize knowl-
edge and skills from more than one topic. From
2003 on, TIMSS will gradually place more
emphasis on questions and tasks that offer bet-
ter insight into students’ analytical, problem-
solving, and inquiry skills and capabilities. To
facilitate innovations in assessment instrumenta-
tion, the plan calls for incorporating investigative-
or production-based tasks into the tests to the
extent possible.

TIMSS test results can be used for a variety
of purposes. Policy makers and researchers can
look forward to achievement data in mathemat-
ics and science overall and in major content
areas that:

Introduction



¢ Extend and strengthen measurement of
trends in mathematics and science
begun in TIMSS 1995 and continued in
TIMSS 1999

¢ Allow informed between-country
comparisons of achievement and, in
conjunction with other TIMSS data,
suggest reasons for differences

e Enhance evaluation of the efficacy of
mathematics and science teaching and
learning within each country

e Highlight aspects of growth in
mathematical and scientific knowledge
and skills from grade 4 to grade 8

e Provide data for secondary analyses
concerned with raising achievement
levels through better-informed policy
making in education systems and
schools, and improved teaching practice.

Introduction

Student Populations Assessed

TIMSS 2003 will assess the mathematics and sci-
ence achievement of children in two target pop-
ulations. One target population, sometimes
referred to as Population 1, includes children
ages 9 and 10. It is defined as “the upper of the
two adjacent grades with the most 9-year-olds.”
In most countries, this is the fourth grade. The
other target population, sometimes referred to as
Population 2, includes children ages 13 and 14,
and is defined as “the upper of the two adjacent
grades with the most 13-year-olds.” In most
countries, this is the eighth grade. Thus, through
the remainder of this document, the grades
assessed will be described as the fourth and
eighth grades.

By assessing these grades using the same
target populations as in 1995 and 1999, TIMSS
2003 can provide trend data at three points over
an eight-year period. In addition, TIMSS data
will complement IEA’s Progress in International
Reading Literacy Study (PIRLS) being conducted
in 2001 at the fourth grade. By participating in
PIRLS and TIMSS, countries will have informa-
tion at regular intervals about how well their
students read and what they know and can do
in mathematics and science. TIMSS also comple-
ments another international study of student
achievement, the OECD’s Programme for
International Student Achievement (PISA),
which assesses the mathematics and science lit-
eracy of 15-year-olds.



Mathematics Framework



Mathematics Framework



Overview

The mathematics assessment framework for
TIMSS 2003 is framed by two organizing dimen-
sions, a content dimension and a cognitive
dimension, analogous to those used in the earli-
er TIMSS assessments.! As outlined below, each
dimension has several domains:

Mathematics Content Domains

@  Number

@ Algebra
Measurement
@ Geometry
@ oot

Mathematics Cognitive Domains
Knowing Facts and Procedures
Using Concepts

Solving Routine Problems

‘z 00/ xf ey

Reasoning

1 Similarly, the curriculum frameworks for TIMSS 1995 and 1999
assessments included content areas and performance expecta-
tions (Robitaille, D.F, et al, (1993), TIMSS Monograph No.1:
Curriculum Frameworks for Mathematics and Science,
Vancouver, BC: Pacific Educational Press).

The two dimensions and their domains are
the foundation of the mathematics assessment.
The content domains define the specific mathe-
matics subject matter covered by the assessment,
and the cognitive domains define the sets of
behaviors expected of students as they engage
with the mathematics content. Each content
domain has several topic areas (i.e., number is
turther categorized by whole numbers, fractions
and decimals, integers, and ratio, proportion,
and percent). Each topic area is presented as a
list of objectives covered in a majority of partici-
pating countries, at either grade 4 or grade 8.

Exhibit 2 shows the target percentages of
testing time devoted to each content and cogni-
tive domain for both the fourth and eighth
grade assessments. The content and cognitive
domains for the mathematics assessment are
discussed in detail in the following sections.
Example mathematics items and tasks are pre-
sented in Appendix B.

Exhibit 2: Target Percentages of TIMSS 2003 Mathematics
Assessment Devoted to Content and Cognitive Domains by
Grade Level

| Fourth Eighth
Grade Grade
Mathematics Content Domains
Number 40% 30%
Algebra* 15% 25%
Measurement 20% 15%
Geometry 15% 15%
Data 10% 15%
Mathematics Cognitive Domains
Knowing Facts and Procedures 20% 15%
Using Concepts 20% 20%
Solving Routine Problems 40% 40%
Reasoning 20% 25%

*At fourth grade, the Algebra content domain is called
Patterns, Equations, and Relationships.

2 More information about the factors considered in finalizing the
topics and assessment objectives is provided in the Introduction.

Mathematics Framework
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Mathematics Content Domains

As mentioned earlier, the five content domains
described in the mathematics framework, with

assessment objectives defined that are appropri-
ate for either the fourth or eighth grade, are:

e Number

e Algebra

e Measurement
e Geometry

e Data

The structure of the content dimension of
the TIMSS framework reflects the importance of
being able to continue comparisons of achieve-
ment with previous assessments in these content
domains. The organization of topics across the
content domains reflects some minor revision in
the definition of the reporting categories used in
the 1995 and 1999 assessments, particularly for
the fourth grade.? The current structure, howev-
er, permits the direct mapping of trend items
from 1995 and 1999 into the content domains
defined for 2003. Thus, each mathematics con-
tent domain is considered as an analysis and
reporting category.

The grade-specific assessment objectives
indicated by topic areas within content domains
define the assessment areas appropriate for each
mathematics reporting category. These grade-
specific objectives are written in terms of student
understandings or abilities that items aligned
with these objectives are designed to elicit. The
range of behaviors assessed to measure student
understandings and abilities is discussed in the

section of the mathematics framework describing

the cognitive domains. While the assessment of

3 The five reporting categories used in the TIMSS 1999 interna-
tional report for eighth grade were Fractions and Number
Sense; Measurement; Data Representation, Analysis, and
Probability; Geometry; and Algebra. The six reporting categories
used in the TIMSS 1995 international report for fourth grade
were Whole Numbers; Fractions and Proportionality;
Measurement, Estimation, and Number Sense; Data
Representation, Analysis, and Probability; Geometry;
and Patterns, Relations, and Functions.

abilities such as solving non-routine problems
and reasoning with mathematics will be of spe-
cial interest, the factual, procedural, and concep-
tual knowledge that form the initial base for the
development and implementation of these skills
will also be assessed.

Problem solving and communication are
key outcomes of mathematics education that
are associated with many of the topics in the
content domains. They are regarded as valid
behaviors to be elicited by test items in most
topic areas.

The categorization by mathematics topic area
within content domains at the fourth grade paral-
lels that used at the eighth grade. Not all of the
topic areas, however, are appropriate for the
fourth grade. Also, the mathematical and cogni-
tive levels of items developed according to the
assessment objectives in the frameworks will be
appropriate for the grade/age group. For example,
at the fourth grade, there is a greater emphasis on
number relative to the other major domains.

The following sections describe each of the
mathematics content domains. They give an
overview of the topic areas to be covered in the
TIMSS assessment, focusing on the difference in
student understandings expected at the fourth
and eighth grades. Following the general
description of each content domain is a table
indicating a set of assessment outcomes for each
main assessment topic area. These assessment
outcomes are written in terms of behaviors to be
elicited by items that exemplify the understand-
ings and abilities expected of students at each
grade level.

Mathematics Framework
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@ Number

The number content domain includes under-
standing of counting and numbers, ways of rep-
resenting numbers, relationships among
numbers, and number systems. At the fourth
and eighth grades, students should have devel-
oped 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

e Fractions and decimals

e Integers

e Ratio, proportion, and percent

In this domain, there is more emphasis on
computing with whole numbers at the fourth
grade than at the eighth grade. Since whole
numbers provide the easiest introduction to
operations with numbers that are basic to the
development of mathematics, working with
whole numbers is the foundation of mathemat-
ics in the primary school. Most children learn to
count at a young age and can solve simple addi-
tion, subtraction, multiplication, and division

Number: Whole Numbers

Grade 4

® Represent whole numbers using words, diagrams,
or symbols, including recognizing and writing
numbers in expanded form.

e Demonstrate knowledge of place value.
e Compare and order whole numbers.

e |dentify sets of numbers according to common
properties such as odd and even, multiples,
or factors.

e Compute with whole numbers.

e Estimate computations by approximating the
numbers involved.

e Solve routine and non-routine problems, including
real-life problems.

Mathematics Framework

problems during the first few years of school.
Grade 4 students should be able to compute
with whole numbers of reasonable size, estimate
the sums, differences, products, and quotients,
and use computation to solve problems.

In the area of common fractions and deci-
mal fractions, the emphasis is on representation
and translation between forms, understanding
what quantities the symbols represent, and com-
putation and problem solving. At the fourth
grade, students should be able to compare famil-
iar fractions and decimals. By the eighth grade,
they should be able to move flexibly among
equivalent fractions, decimals, and percents
using a range of strategies.

Although the integer topic area is not
appropriate for grade 4, students in the middle
grades of schooling should extend their mathe-
matical understanding from whole numbers to
integers, including order and magnitude as well
as operations with integers.

Assessing students’ ability to work with
proportions is an important component. Aspects
of proportional reasoning can include numerical
and qualitative comparison problems as well as
the more traditional missing value problems
(i.e., presenting three values and asking students
to find the fourth or missing value).

Grade 8

* Demonstrate knowledge of place value and of the
four operations.

e Find and use factors or multiples of numbers, and
identify prime numbers.

e Express in general terms and use the principles of
commutativity, associativity, and distributivity.

e Evaluate powers of numbers, and square roots of
perfect squares to 144.

e Solve problems by computing, estimating, or
approximating.



Number: Fractions and Decimals
Grade 4

® Recognize fractions as parts of unit wholes, parts
of a collection, locations on number lines, divisions
of whole numbers.

e |dentify equivalent fractions.
e Compare and order fractions.
e Show understanding of decimals.

® Represent fractions or decimals using words,
numbers, or models.

e Add and subtract fractions with the same
denominator.

e Add and subtract with decimals.

Notes: Grade 4 fractions items will involve denominators of 2, 3, 4, 5, 6, 8,
10, or 12.

Grade 4 decimals items will involve decimals to tenths and/or
hundredths.

Number: Integers

Grade 4

e Not assessed.

Number: Ratio, Proportion, and Percent
Grade 4

e Solve problems involving simple proportional
reasoning.

Grade 8

e Compare and order fractions.
e Compare and order decimals.

e Demonstrate knowledge of place value
for decimals.

e Represent decimals and fractions using words,
numbers, or models (including number lines).

e Recognize and write equivalent fractions.
e Convert fractions to decimals and vice versa.

¢ Relate operations with fractions or decimals to
situations and models.

e Compute with fractions and decimals, including use
of commutativity, associativity, and distributivity.

e Approximate decimals to estimate computations.
e Solve problems involving fractions.
e Solve problems involving decimals.

Grade 8

e Represent integers using words, numbers,
or models (including number lines).

e Compare and order integers.

e Show understanding of addition, subtraction,
multiplication, and division with integers.

e Compute with integers.
e Solve problems using integers.

Grade 8

e |dentify and find equivalent ratios.
¢ Divide a quantity in a given ratio.

e Convert percents to fractions or decimals, and
vice versa.

e Solve problems involving percents.
e Solve problems involving proportions.

Mathematics Framework
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@ 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
patterns and relationships among quantities,
using algebraic symbols to represent mathemat-
ical situations, and developing fluency in pro-
ducing equivalent expressions and solving
linear equations.

Because algebra is generally not taught as a
formal subject in primary school, this content
domain will be identified as Patterns, Equations,
and Relationships at the fourth grade. In contrast,
at the eighth grade the algebra reporting catego-
ry will reflect understandings across all of the
topic areas below.

The major topic areas in algebra are:

e Patterns

e Algebraic expressions

e Equations and formulas
e Relationships

Algebra: Patterns
Grade 4

e Extend and find missing terms of numeric and
geometric patterns.

e Match numeric and geometric patterns with
descriptions.

e Describe relationships between adjacent terms in a

sequence or between the number of the term and
the term.

Mathematics Framework

Students will be asked to recognize and
extend patterns and relationships. They will also
be asked to recognize and use symbols to repre-
sent situations algebraically. At the fourth grade,
understandings related to patterns, simple equa-
tions, and the idea of functions as they apply to
pairs of numbers are included. Algebraic con-
cepts are more formalized at the eighth grade,
and students should focus on understanding lin-
ear relationships and the concept of variable.
Students at this level are expected to use and
simplify algebraic formulas, solve linear equa-
tions and inequalities and pairs of simultaneous
equations involving two variables, and use a
range of linear and nonlinear functions. They
should be able to solve real-world problems
using algebraic models and to explain relation-
ships involving algebraic concepts.

Grade 8

e Extend numeric, algebraic, and geometric patterns
or sequences using words, symbols, or diagrams;
find missing terms.

e Generalize pattern relationships in a sequence, or
between adjacent terms, or between the number
of the term and the term, using words or symbols.



Algebra: Algebraic Expressions
Grade 4

* Not assessed.

Algebra: Equations and Formulas
Grade 4

e Show understanding of equality using equations,
areas, volumes, masses/weights.

e Find the missing number in an equation (e.q., if
17 + __ =29, what number would go in the blank
to make the equation true?).

e Model simple situations involving unknowns with
an equation.

e Solve problems involving unknowns.

Algebra: Relationships
Grade 4

¢ Generate pairs of numbers following a given rule
(e.g., multiply the first number by 3 and add 2 to
get the second number).

e Write, or select, a rule for a relationship given
some pairs of numbers satisfying the relationship.

e Graph pairs of numbers following a given rule.

e Show why a pair of numbers follows a given rule.
(E.g., a rule for a relation between two numbers is
“multiply the first number by 5 and subtract 4 to
get the second number.” Show that when the first
number is 2 and the second number is 6 the rule
is followed.)

Grade 8

e Find sums, products, and powers of expressions
containing variables.

¢ Evaluate expressions for given numeric values of
the variable(s).

o Simplify or compare algebraic expressions to
determine equivalence.

e Model situations using expressions.

Grade 8

e Evaluate formulas given values of the variables.

e Use formulas to answer questions about given
situations.

¢ Indicate whether a value, or values, satisfies a
given equation.

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

e \Write linear equations, inequalities, or
simultaneous equations that model given
situations.

e Solve problems using equations or formulas.

Grade 8

® Recognize equivalent representations of functions
as ordered pairs, tables, graphs, words, or
equations.

e Given a function in one representation, generate a
different but equivalent representation.

e Recognize and interpret proportional, linear, and
nonlinear relationships (travel graphs and simple
piecewise functions included).

e Write or select a function to model a given
situation.

e Given a graph of a function, identify attributes
such as intercepts on axes, and intervals where the
function increases, decreases, or is constant.

Mathematics Framework
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@ﬂ Measurement

Measurement involves assigning a numerical
value to an attribute of an object. The focus of
this content domain is on understanding meas-
urable attributes and demonstrating familiarity
with the units and processes used in measuring
various attributes. Measurement is important to
many aspects of everyday life.

The measurement content domain is com-
prised of the following two main topic areas:

e Attributes and units
¢ Tools, techniques, and formulas

A measurable attribute is a characteristic
of an object that can be quantified. For exam-
ple, line segments have length, plane regions
have area, and physical objects have mass.
Learning about measurement begins with a
realization of the need for comparison and the
fact that different units are needed to measure

Measurement: Attributes and Units
Grade 4

¢ Use given non-standard units to measure length,
area, volume, and time (e.g., paper clips for
length, tiles for area, sugar cubes for volume).

e Select appropriate standard units to measure
length, area, mass/weight,* angle, and time
(e.g., kilometers for car trips, centimeters for
human height).

e Use conversion factors between standard units
(e.g., hours to minutes, grams to kilograms).

® Recognize that total measures of length, area,
volume, angle, and time do not change with
position, decomposition into parts, or division.

* More properly mass, but weight expressed in grams or kilograms is the

common usage at these levels. Countries in which mass is the common

usage for grades 4 and/or 8 will frame items accordingly.

Mathematics Framework

different attributes. The types of units that stu-

dents use for measuring and the ways they use

them should expand and shift as students move
through the curriculum.

At both the fourth and eighth grades, age-
appropriate performances expected of students
include the use of instruments and tools to
measure physical attributes, including length,
area, volume, weight/mass, angle, temperature,
and time, in standard or non-standard units
and converting between systems of units.
Students at the fourth grade are expected to
use approximation and estimation, and simple
formulas, to calculate areas and perimeters of
squares and rectangles. At the eighth grade, the
measurement domain is expanded to include
the measurement of rate (such as speed or den-
sity) as well as the application of more complex
formulas to measure compound areas and the
surface areas of solids.

Grade 8

e Select and use appropriate standard units to find
measures of length, area, volume, perimeter,
circumference, time, speed, density, angle,
mass/weight.*

e Use relationships among units for conversions
within systems of units, and for rates.



Measurement: Tools, Techniques, and Formulas

Grade 4

e Use instruments with linear or circular scales to

measure length, weight, time, and temperature in
problem situations (e.g., dimensions of a window,

weight of a parcel).

¢ Estimate length, area, volume, weight, and time in

problem situations (e.g., height of a building,
volume of a block of material).

e Calculate areas and perimeters of squares and
rectangles of given dimensions.

e Compute measurements in simple problem
situations (e.g., elapsed time, change in
temperature, difference in height or weight).

Grade 8

e Use standard tools to measure length, weight,

time, speed, angle, and temperature in problem
situations and to draw line segments, angles, and
circles of given size.

Estimate length, circumference, area, volume,
weight, time, angle, and speed in problem
situations (e.g., circumference of a wheel, speed
of a runner).

Compute with measurements in problem
situations (e.g., add measures, find average speed
on a trip, find population density).

Select and use appropriate measurement formulas
for perimeter of a rectangle, circumference of a
circle, areas of plane figures (including circles),
surface area and volume of rectangular solids,
and rates.

Find measures of irregular or compound areas by
covering with grids or dissecting and rearranging
pieces.

Give and interpret information about precision of
measurements (e.g., upper and lower bounds of a
length reported as 8 centimeters to the nearest
centimeter).

Mathematics Framework
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@ Geometry

Even at the fourth grade, the geometry content
domain extends well beyond identification of
geometric shapes. At both the fourth and eighth
grades, students should be able to analyze the
properties and characteristics of a variety of geo-
metric figures, including lines, angles, and two-
and three-dimensional shapes, and to provide
explanations based on geometric relationships.
The focus should be on geometric properties and
their relationships. The geometry content area
includes understanding coordinate representa-
tions 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 trans-
formation to analyze mathematical situations.
The major topic areas in geometry are:

e Lines and angles

e Two- and three-dimensional shapes
e Congruence and similarity

e Locations and spatial relationships
e Symmetry and transformations

Spatial sense is an integral component of
the study and assessment of geometry. The cog-
nitive range extends from making drawings and
constructions to mathematical reasoning about

Geometry: Lines and Angles
Grade 4

e Classify angles as greater than, equal to, or less
than a right angle (or 90°).

e |dentify and describe parallel and perpendicular
lines.

e Compare given angles and place them in order
of size.

Mathematics Framework

combinations of shapes and transformations. At
both the fourth and eighth grades, students will
be asked to describe, visualize, draw, and con-
struct 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
the middle grades, they should be able to inter-
pret or create top or side views of objects and
use their understanding of similarity and con-
gruence to solve problems. They should be able
to make use of grids, find distances between
points in the plane, and apply the Pythagorean
theorem to solve real-world problems.

At both the fourth and eighth grades, stu-
dents should be able to recognize line symmetry
and draw symmetrical figures. They should be
able to determine the effects of transformation.
In the middle grades, students should under-
stand and be able to describe rotations, transla-
tions, 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 prob-
lems using geometric models and explain rela-
tionships involving geometric concepts.

Grade 8

e Classify angles as acute, right, straight, obtuse,
reflex, complementary, and supplementary.

e Recall the relationships for angles at a point,
angles on a line, vertically opposite angles, angles
associated with a transversal cutting parallel lines,
and perpendicularity.

e Know and use the properties of angle bisectors
and perpendicular bisectors of lines.



Geometry: Two- and Three-dimensional Shapes

Grade 4

e Know and use vocabulary associated with familiar
two- and three-dimensional shapes.

e |dentify common geometric shapes in the
environment.

e Classify two- and three-dimensional shapes
according to their properties.

e Know properties of geometric figures and use
them to solve routine problems.

e Decompose shapes and rearrange the parts to
form simpler shapes.

Geometry: Congruence and Similarity

Grade 4

e |dentify triangles that have the same size and
shape (congruent).

e |dentify triangles that have the same shape but
different sizes (similar).

Grade 8

¢ Recall properties of geometric shapes: triangles
(scalene, isosceles, equilateral, right-angled) and
quadrilaterals (scalene, trapezoid, parallelogram,
rectangle, rhombus, square).

e Use properties of familiar geometric shapes in a
compound figure to make conjectures about
properties of the compound figure.

¢ Recall properties of other polygons (regular
pentagon, hexagon, octagon, decagon).

Construct or draw triangles and rectangles of
given dimensions.

e Apply geometric properties to solve routine and
non-routine problems.

Use Pythagorean theorem (not proof) to solve
problems (e.g., find the length of a side of a
right-angled triangle given the lengths of the other
two sides; or, given the lengths of three sides of a
triangle, determine whether the triangle is
right-angled).

Grade 8

e |dentify congruent triangles and their
corresponding measures.

e |dentify congruent quadrilaterals and their
corresponding measures.

e Consider the conditions of congruence to
determine whether triangles with given
corresponding measures (at least three) are
congruent.

e |dentify similar triangles and recall their properties.

e Use properties of congruence in mathematical and
practical problem situations.

e Use properties of similarity in mathematical and
practical problem situations.

Mathematics Framework
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Geometry: Locations and Spatial Relationships

Grade 4

¢ Use informal coordinate systems to locate points
in a plane.

e Relate a net to the shape it will make.

e Recognize relationships between two-dimensional
and three-dimensional shapes when shown nets
and different two-dimensional views of
three-dimensional objects.

Geometry: Symmetry and Transformations
Grade 4

® Recognize line symmetry.
e Draw two-dimensional symmetrical figures.
e Recognize translation, reflection, and rotation.

Mathematics Framework

Grade 8

e L ocate points using number lines, coordinate
grids, maps.

e Use ordered pairs, equations, intercepts,
intersections, and gradient to locate points and
lines in the Cartesian plane.

e Recognize relationships between two-dimensional
and three-dimensional shapes when shown nets
and different two-dimensional views of
three-dimensional objects.

Grade 8

® Recognize line and rotational symmetry for
two-dimensional shapes.

e Draw two-dimensional symmetrical figures.

e Recognize, or demonstrate by sketching,
translation, reflection, rotation, and enlargement.

e Use transformations to explain or establish
geometric properties.



@ Data

The data content domain includes understanding
how to collect data, organize data that have
been collected by oneself or others, and display
data in graphs and charts that will be useful in
answering questions that prompted the data col-
lection. This content domain includes under-
standing issues related to misinterpretation of
data (e.g., about recycling, conservation, or
manufacturers’ claims).

The data content domain consists of the fol-
lowing four major topic areas:

e Data collection and organization
e Data representation

e Data interpretation

¢ Uncertainty and probability

At the fourth and eighth grades, students
can engage in simple data-gathering plans or
work with data that have been gathered by oth-
ers 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

Data: Data Collection and Organization

Grade 4

e Match a set of data with appropriate
characteristics of situations or contexts
(e.g., outcomes from rolling a die).

¢ Organize a set of data by one characteristic
(e.g., height, color, age, shape).

frequency with which those values occur.
Students should develop skill in representing
their data, often using bar graphs, tables, or line
graphs. They should be able to compare the rela-
tive merits of various types of displays.

Students at grades 4 and 8 should be able
to describe and compare characteristics of data
(shape, spread, and central tendency). They
should be able to draw conclusions based on
data displays. In the eighth grade, students
should be able to identify trends in data, make
predictions based on data, and evaluate the rea-
sonableness of interpretations.

Probability will not be assessed at the
fourth grade, and at the eighth grade the proba-
bility items will focus on assessing student
understandings of the concept.* By the eighth
grade students” appreciation of probability
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