%,, Massachusetts Tests
for Educator Licensure®

TEST
INFORMATION
BOOKLET

51 Middle School
Mathematics/Science

MA-SG-FLD051-03

Massachusetts Department of Education




Table of Contents

How to Prepare for the Tests...... ceseessssresstesstesnsnesanasssnnnes

Overview of the SUDJECt Matter TeStS.....uiiiiiiiiiieiieeeiie ettt e e b ebeeeaeeeeseeesbeeeneaeas
Development of the Subject Matter TeSES .......ieviieeciiieiiiecieeciee ettt eee e e e e seveesveeeaeeeseveeeens
Structure of the Content Of the TeSES.......coiiiiiiiiiii e
Description of the Middle School Mathematics/Science Test ........coccvveeciieeviierciieiieerie e
USING the TESt ODJECTIVES ...veeeiiieiiieiiieiiieeeieeeriteesteeetteesveeeteeesebeessseeessseesseeesseessseessesessseessseeanes
Developing @ StUAY OULINE.......c..eeeiiieiie ettt et e et e e stae e sbeeetaeeseseesssaeessseesssaeensns
1dentifying RESOUITES .....ccuviiiiiiiiiieiieeciie ettt ettt et eete e st e estbeesabeesstaeessseesssaeessseasssasessseensses

Approaching the Test IteMS ...c.ccccevveressncssrercssnrisssarsssanessssrossassssssssssasesssssssssssssasssssasssens

Multiple-Choice Item FOrMALS........cecciiiiiiiiieiieieieierte sttt ere et et e e sae b e sebeesbeessaesaesaeessneans
Multiple-Choice Item Format One: The Single Test [tem.........cccccvevvveiciiicierieieriecee e
Multiple-Choice Item Format Two: Test Items with Stimulus Material ............cccccceeevveiieireennnns

Open-Response Iem FOIMALS ........cc.eivciieiiieciie ettt ettt e e ee et e e e seaeesssaeessseennseeas

Scoring Open-ReSPONSE TLIMS .........eeiviieiiiiiiie ettt e e sreesreessraeenneessseeenes

Sample Test Administration Documents...........

N E Y001 0] [ I A B Ted 2 ) USRS
Sample Directions for the Open-Response [tem ASSIZNMENtS..........cccvverieereerieriiencieecreereereeseeeeens
Sample ANSWET DOCUIMENL. .......c.cooviiriieiieiieeie ettt eeesee sttt e sbeeseeseesseesteessaesssessseanseesseesseesseenses

The Day of the Test Administration .....

Preparing for the Test AdminiStration..........ceecueerierierienie ettt et et e et eee e eteeseeesteeseeesnneens
TESE-TAKING TIPS e euvrentieitieitieiie ettt ettt ettt et e st e st esateeateeteesbeesstesasesnseenseenseesseesnsenseesanesnnenns

After the Test Administration

SCOTE REPOTTING. .. eeeieriiiiiieiiieetie ettt e et et e ettt eetteesebeesbeeessseessseeessseessseasssaesnsseessseesssssenssesessennes
Interpreting YOour SCOTE REPOTt.......cccuiiiiiiiiiiieciie ettt et e et s e etaeesaaeeesbeeesaneeeens

Middle School Mathematics/Science (51)

TSt OVEIVIEW CRATT .....eiiiiiiiiieeieeeiee et see et te e tee e aeeste e et eessseesstaeessseesssseessseessseeenseesnsseennses
ST OB JECHIVES ...eeeeveeeiiieeiieectie et e eetee et e e st e st e et eesebeeessaeessseesssaeessseeanseeansseesnseeessseeasseenssessnsseensses
FOITIUIAS. ....veevieiiect et ettt ettt e e b e e b e e beestaestbeesbeasbeassaassaessseassaasseasseassaesseessnensseans
PErIOQIC TaADIE .....vicvvieiiieiieciie ettt ettt ettt e s taestaeesbeasbeesbaestaessesssessseasseesseesseessnessneans
SAMPIE TS TERIMIS ....viiieiieeiie ettt et e et ste e st eesbeessbeeessaeessseesssaeensseensseesssessssseanes
Answer Key and Sample RESPONSE........ccvvieriieriieiiiiiieeiicriereetesteesttesaesvesreeveesseessaesesesssessseassenns

Test Information Booklet Order Form

0O J O\ O\ W WK

12

12
12
14
15
16

18
18
19
20
26
26
26
28

28
28



Middle School Mathematics/Science
(Field 51)

Test Overview Chart
Test Objectives
Sample Test Items

Answer Key and Sample Responses

29






Test Overview Chart:
Middle School Mathematics/Science (51)

Approximate Number of
Subareas Number of Open-
Multiple- Response
Choice Items ltems
I. Number Sense and Operations 9-11
Il. Patterns, Relations, and Algebra 14-16
[ll. Geometry and Measurement 10-12
IV. Data Analysis, Statistics, and Probability 7-9
V. Trigonometry, Calculus, and Discrete Mathematics 5-7
VI. History, Philosophy, and Methodology of Science 9-11
VII.  Chemistry 9-11
VIIl.  Physics 9-11
IX. Biology 9-11
X. Earth and Space Science 9-11
XI. Integration of Knowledge and Understanding 1
of Mathematics
XIl. Integration of Knowledge and Understanding 1
of Science

The Middle School Mathematics/Science test is designed to assess the candidate's knowledge of the
subject matter required for the Massachusetts Middle School Mathematics/Science license. This subject
matter knowledge is delineated in the Massachusetts Department of Education's Regulations for Educator
Licensure and Preparation Program Approval (7/2001), 603 CMR 7.06, "Subject Matter Knowledge
Requirements for Teachers."

The Middle School Mathematics/Science test assesses the candidate's proficiency and depth of
understanding of the subject at the level required for a baccalaureate major, according to Massachusetts
standards. Candidates are typically nearing completion of or have completed their undergraduate work
when they take the test.

The multiple-choice items on the test cover the subareas as indicated in the chart above. The open-
response items may relate to topics covered in any of the subareas and will typically require breadth of
understanding of the middle school mathematics/science field and the ability to relate concepts from
different aspects of the field. Responses to the open-response items are expected to be appropriate and
accurate in the application of subject knowledge, to provide high-quality and relevant supporting
evidence, and to demonstrate a soundness of argument and understanding of the middle school
mathematics/science field.
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Test Objectives:
Middle School Mathematics/Science (51)

Subarea

VL.

VII.

VIII.

XI.

XIl.
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Massachusetts Tests for Educator Licensure (MTEL™)
FIELD 51: MIDDLE SCHOOL MATHEMATICS/SCIENCE

TEST OBJECTIVES
Multiple-Choice ORbaj:gt?v:fs
Number Sense and Operations 01-04
Patterns, Relations, and Algebra 05-10
Geometry and Measurement 11-15
Data Analysis, Statistics, and Probability 16-17
Trigonometry, Calculus, and Discrete 18-20
Mathematics
History, Philosophy, and Methodology of 21-24
Science
Chemistry 25-28
Physics 29-32
Biology 33-36
Earth and Space Science 37-40
Open-Response
Integration of Knowledge and Understanding 41
of Mathematics
Integration of Knowledge and Understanding 42

of Science

Approximate
Test
Weighting
8%
12%
9%
6%

5%

8%

8%
8%
8%
8%

80%

10%

10%



Test Objectives: Middle School Mathematics/Science

SUBAREAS:

NUMBER SENSE AND OPERATIONS
PATTERNS, RELATIONS, AND ALGEBRA
GEOMETRY AND MEASUREMENT
DATA ANALYSIS, STATISTICS, AND PROBABILITY
TRIGONOMETRY, CALCULUS, AND DISCRETE MATHEMATICS
HISTORY, PHILOSOPHY, AND METHODOLOGY OF SCIENCE
CHEMISTRY
PHYSICS
BIOLOGY
EARTH AND SPACE SCIENCE
INTEGRATION OF KNOWLEDGE AND UNDERSTANDING OF MATHEMATICS
INTEGRATION OF KNOWLEDGE AND UNDERSTANDING OF SCIENCE

NUMBER SENSE AND OPERATIONS [8%]

0001 Understand the structure of numeration systems and multiple representations of
numbers.

For example: place value; number bases (e.g., base 2, base 10); order relations;
relationships between operations (e.g., multiplication as repeated additions); number
factors and divisibility; prime and composite numbers; prime factorization; multiple
representations of numbers (e.g., physical models, diagrams, numerals); and
properties of early numeration systems (e.g., Mayan, Mesopotamian, Egyptian).

0002 Understand principles and operations related to integers, fractions, decimals,
percents, ratios, and proportions.

For example: order of operations; identity and inverse elements; associative,
commutative, and distributive properties; absolute value; operations with signed
numbers; multiple representations (e.g., area models for multiplication) of number
operations; analyzing standard algorithms for addition, subtraction, multiplication,
and division of integers and rational numbers; number operations and their inverses;
and the origins and development of standard computational algorithms.

0003 Understand and solve problems involving integers, fractions, decimals, percents,
ratios, and proportions.

For example: solving a variety of problems involving integers, fractions, decimals,
percents (including percent increase and decrease), ratios, proportions, and average
rate of change; and using estimation to judge the reasonableness of solutions to
problems.

0004 Understand the properties of real numbers and the real number system.

For example: rational and irrational numbers; properties (e.g., closure, distributive,
associative) of the real number system and its subsets; operations and their
inverses; the real number line; roots and powers; the laws of exponents; scientific
notation; using number properties to prove theorems (e.g., the product of two even
numbers is even); and problems involving real numbers and their operations.
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Test Objectives: Middle School Mathematics/Science

PATTERNS, RELATIONS, AND ALGEBRA  [12%)]

0005 Understand and use patterns to model and solve problems.

For example: making conjectures about patterns presented in numeric, geometric, or
tabular form; representing patterns and relations using symbolic notation; identifying
patterns of change created by functions (e.g., linear, quadratic, exponential); and
using finite and infinite series and sequences (e.g., Fibonacci, arithmetic, geometric)
to model and solve problems.

0006 Understand how to manipulate and simplify algebraic expressions and translate
problems into algebraic notation.

For example: the nature of a variable; evaluating algebraic expressions for a given value
of a variable; the relationship between standard computational algorithms and algebraic
processes; expressing direct and inverse relationships algebraically; expressing one
variable in terms of another; manipulating and simplifying algebraic expressions; solving
equations; and using algebraic expressions to model situations.

0007 Understand properties of functions and relations.

For example: the difference between functions and relations; the generation and
interpretation of graphs that model real-world situations; multiple ways of repre-
senting functions (e.g., tabular, graphic, verbal, symbolic); properties of functions and
relations (e.g., domain, range, continuity); piecewise-defined functions; addition,
subtraction, and composition of functions; and graphs of functions and their trans-
formations [e.g., the relationships among f(x), f(x + k), and f(x) + K].

0008 Understand properties and applications of linear relations and functions.

For example: the relationship between linear models and rate of change; direct
variation; graphs of linear equations; slope and intercepts of lines; finding an
equation for a line; methods of solving systems of linear equations and inequalities
(e.g., graphing, substitution); and modeling and solving problems using linear
functions and systems.

0009 Understand properties and applications of quadratic relations and functions.

For example: methods of solving quadratic equations and inequalities

(e.g., factoring, completing the square, quadratic formula, graphing); real and
complex roots of quadratic equations; graphs of quadratic functions; quadratic
maximum and minimum problems; and modeling and solving problems using
quadratic relations, functions, and systems.

0010 Understand properties and applications of exponential, polynomial, rational, and
absolute value functions and relations.

For example: problems involving exponential growth (e.g., population growth,
compound interest) and decay (e.g., half-life); inverse variation; modeling problems
using rational functions; properties and graphs of polynomial, rational, and absolute
value functions; and the use of graphing calculators and computers to find numerical
solutions to problems involving exponential, polynomial, rational, and absolute value
functions.
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Test Objectives: Middle School Mathematics/Science

GEOMETRY AND MEASUREMENT [9%)]

0011

0012

0013

0014

0015

Understand principles, concepts, and procedures related to measurement.

For example: using appropriate units of measurement; unit conversions within

and among measurement systems; problems involving length, area, volume, mass,
capacity, density, time, temperature, angles, and rates of change; problems involving
similar plane figures and indirect measurement; the effect of changing linear dimen-
sions on measures of length, area, or volume; and the effects of measurement error
and rounding on computed quantities (e.g., area, density, speed).

Understand the principles of Euclidean geometry and use them to prove theorems.

For example: the nature of axiomatic systems; undefined terms and postulates of
Euclidean geometry; relationships among points, lines, angles, and planes; methods
for proving triangles congruent; properties of similar triangles; justifying geometric
constructions; proving theorems within the axiomatic structure of Euclidean
geometry; and the origins and development of geometry in different cultures

(e.g., Greek, Hindu, Chinese).

Apply Euclidean geometry to analyze the properties of two-dimensional figures and to
solve problems.

For example: using deduction to justify properties of and relationships among
triangles, quadrilaterals, and other polygons (e.g., length of sides, angle measures);
identifying plane figures given characteristics of sides, angles, and diagonals;

the Pythagorean theorem; special right triangle relationships; arcs, angles, and
segments associated with circles; deriving and applying formulas for the area of
composite shapes; and modeling and solving problems involving two-dimensional
figures.

Solve problems involving three-dimensional shapes.

For example: area and volume of and relationships among three-dimensional figures
(e.g., prisms, pyramids, cylinders, cones); perspective drawings; cross sections
(including conic sections) and nets; deriving properties of three-dimensional figures
from two-dimensional shapes; and modeling and solving problems involving three-
dimensional geometry.

Understand the principles and properties of coordinate and transformational
geometry.

For example: representing geometric figures (e.g., triangles, circles) in the
coordinate plane; using concepts of distance, midpoint, slope, and parallel and
perpendicular lines to classify and analyze figures (e.g., parallelograms); charac-
teristics of dilations, translations, rotations, reflections, and glide-reflections; types
of symmetry; properties of tessellations; transformations in the coordinate plane;
and using coordinate and transformational geometry to prove theorems and solve
problems.

35



Test Objectives: Middle School Mathematics/Science

DATA ANALYSIS, STATISTICS, AND PROBABILITY [6%)]

0016 Understand descriptive statistics and the methods used in collecting, organizing,

reporting, and analyzing data.

For example: constructing and interpreting tables, charts, and graphs (e.g., line
plots, stem-and-leaf plots, box plots, scatter plots); measures of central tendency
(e.g., mean, median, mode) and dispersion (e.g., range, standard deviation);
frequency distributions; percentile scores; the effects of data transformations

on measures of central tendency and variability; evaluating real-world situations

to determine appropriate sampling techniques and methods for gathering and
organizing data; making appropriate inferences, interpolations, and extrapolations
from a set of data; interpreting correlation; and problems involving linear regression
models.

0017 Understand the fundamental principles of probability.

For example: representing possible outcomes for a probabilistic situation; counting
strategies (e.g., permutations and combinations); computing theoretical probabilities
for simple and compound events; using simulations to explore real-world situations;
connections between geometry and probability (e.g., probability as a ratio of two
areas); and using probability models to understand real-world phenomena.

TRIGONOMETRY, CALCULUS, AND DISCRETE MATHEMATICS [5%]

0018 Understand the properties of trigonometric functions and identities.

For example: degree and radian measure; right triangle trigonometry; the law of
sines and the law of cosines; graphs and properties of trigonometric functions and
their inverses; amplitude, period, and phase shift; trigonometric identities; and using
trigonometric functions to model real-world periodic phenomena.

0019 Understand the conceptual basis of calculus.

For example: the concept of limit; the relationship between slope and rates of
change; how the derivative relates to maxima, minima, points of inflection, and
concavity of curves; the relationship between integration and the area under a curve;
modeling and solving basic problems using differentiation and integration; and the
development of calculus.

0020 Understand the principles of discrete/finite mathematics.

36

For example: properties of sets; recursive patterns and relations; problems involving
iteration; properties of algorithms; finite differences; linear programming; properties of
matrices; and characteristics and applications of graphs and trees.



Test Objectives: Middle School Mathematics/Science

HISTORY, PHILOSOPHY, AND METHODOLOGY OF SCIENCE [8%]

0021

0022

0023

0024

CHEMISTRY

Understand the nature of scientific thought and inquiry and the historical
development of major scientific ideas.

For example: the reliance of scientific investigation on empirical data; the use of
verifiable evidence, reasoning, and logical arguments; the importance of avoiding
bias; the evaluation of scientific claims and arguments; science and technology in
the ancient world (e.g., China, Greece); the foundations for modern science in the
seventeenth and eighteenth centuries; the development of modern science in the
nineteenth and twentieth centuries; key figures, discoveries, and theories (e.g., the
Copernican revolution, Darwin's theory of evolution); and social, religious, and
economic conditions that supported or inhibited the development of science and
technology.

Understand principles and procedures of research and experimental design.

For example: the formulation of testable hypotheses; the use of carefully planned
research to solve problems; procedures and considerations, including validity and
reliability, in setting up and conducting scientific investigations; the use of sampling
techniques; and hypothesis testing using control and experimental groups.

Understand procedures for gathering, organizing, interpreting, evaluating, and
communicating scientific information.

For example: the systematic observation of phenomena; strategies, tools, and
technologies for gathering, measuring, recording, and processing data; advantages
and disadvantages of various measurement methods and devices; solving problems
involving measurement; the use of various formats (e.g., graphs, flowcharts, tables,
step-by-step directions, maps, reports) for organizing, communicating, and inter-
preting information; the use of data for making predictions and drawing conclusions;
and developing models and statistical methods for interpreting and reporting data.

Understand the safe and proper use of tools, equipment, and materials (including
chemicals and living organisms) related to classroom and other science
investigations.

For example: practices and requirements related to the safe use and storage of tools
and equipment; the use and proper disposal of materials; procedures for preventing
accidents in the science laboratory; procedures for dealing with accidents and
injuries in the science laboratory; and proper practices and requirements related

to the use and care of living organisms.

[8%]

0025 Understand the structure and nature of matter.

For example: the atomic and molecular structure of matter; the structure of the atom;
the use of models of atomic structure to explain chemical behavior; the relationship
between atomic structure and the organization of the periodic table; the difference
between mixtures and pure substances; and chemical symbols, formulas, and
equations.
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Test Objectives: Middle School Mathematics/Science

0026 Understand the nature of physical changes in matter.

For example: states of matter and their characteristics; properties of common
materials; physical properties and changes; changes of state and related changes
in energy; the concept of mass; the principle of conservation of matter; and types
and properties of mixtures and solutions.

0027 Understand the nature of chemical changes in matter.

For example: the description of chemical changes in terms of properties and
composition of reactants and products; the use of the principle of conservation of
matter to analyze chemical reactions; types of chemical bonds, their characteristics,
and their effects on the characteristics of matter; and factors that affect rates of
reaction.

0028 Understand the kinetic molecular model of matter.

For example: use of the kinetic molecular theory to explain the states of matter;
interrelationships among pressure, temperature, and volume in gaseous systems;
and the relationship between temperature and kinetic energy.

PHYSICS  [8%]

0029 Understand the concepts of force, motion, work, and power.

For example: Newton's laws of motion; the relationship between mass and inertia;
the difference between mass and weight; the vector nature of force, displacement,
velocity, and acceleration; characteristics of force, work, and power; the motion of
an object in terms of speed, velocity, acceleration, inertia, and momentum; distance-
versus-time graphs; and the types and characteristics of simple machines.

0030 Understand the concept of energy and the forms that energy can take.

For example: the concept of conservation of energy; forms of energy

(e.g., mechanical, light, thermal, electrical, nuclear); the classification of
energy as kinetic or potential; the relationship between kinetic and potential
energy; processes of energy transfer and conversion; elastic and inelastic
collisions; and the concepts of entropy and thermodynamics.

0031 Understand characteristics of waves and the behavior of sound and light waves.

For example: transverse and longitudinal waves; characteristics (e.g., amplitude,
wavelength, frequency) of waves and oscillations; the relationship of wave
characteristics to wave speed and wave energy; the relationship between wave
characteristics and properties of sound (e.g., loudness, pitch) and light (e.g., color,
intensity); wave interactions; the properties and behavior of sound and light waves
in various media; phenomena related to light and the behavior of light in various
situations (e.g., refraction, diffraction, dispersion); and characteristics and properties
of the electromagnetic spectrum.
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Test Objectives: Middle School Mathematics/Science

0032 Understand principles of electricity, magnetism, and electromagnetism.

For example: the properties and formation of static electricity; characteristics of
electron flow and electric current; characteristics and components (e.g., batteries,
resistors) of simple electric circuits; the interpretation of electric circuit diagrams;
characteristics of magnets and magnetic fields; and the principles of
electromagnetism.

BIOLOGY  [8%]

0033 Understand the characteristics and life processes of living organisms.

For example: differences between living organisms and nonliving things; basic cell
structures and their functions; comparisons between animal cells and plant cells;
growth of multicellular organisms by cell growth and reproduction; processes of
photosynthesis and cellular respiration; homeostatic and metabolic processes; levels
of biological organization (i.e., molecules, cells, tissues, organs, and systems); and
structures and functions of major systems in plants and animals and interactions
between the systems.

0034 Understand principles related to the inheritance of characteristics.

For example: how characteristics are passed on from generation to generation,
including mutations and the influence of environmental factors on the inheritance of
characteristics; and the structures and functions of DNA, genes, and chromosomes.

0035 Understand principles and theories related to biological evolution.

For example: theories and processes associated with the origin and evolution

of life and scientific evidence for these theories and processes; methods used to
investigate evolution; the roles of genetic and phenotypic variation, environmental
factors, and natural selection in speciation; and the connection between evolutionary

relationships and taxonomy.

0036 Understand characteristics of populations, communities, ecosystems, and biomes.

For example: biotic and abiotic factors that affect populations, communities, eco-
systems, and biomes; strategies used by organisms to obtain basic requirements

for life (e.g., food, shelter, oxygen, water); interrelationships among organisms,
including humans, in ecosystems; energy transfers in food webs and food chains; the
process of ecological succession; responses of ecosystems to change; and factors
regulating population sizes within ecosystems.
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Test Objectives: Middle School Mathematics/Science

EARTH AND SPACE SCIENCE [8%]

0037 Understand geologic history and processes related to the changing earth.

For example: theories of the origin and history of the earth; methods of determining
the relative and absolute ages of inorganic and organic materials; the structure and
composition of the earth and its layers; types and characteristics of minerals, rocks,
and soils; the processes of mineral formation; processes that are involved in the
formation and destruction of igneous, sedimentary, and metamorphic rock; the theory
of plate tectonics and supporting evidence; processes of structural change

of the earth's crust; the effects of various agents (e.g., glaciers, water, wind) on

the earth's surface; important topographical features of the earth and their charac-
teristics; types and characteristics of maps and map projections commonly used in
science; and the effects of catastrophic phenomena (e.g., earthquakes, collisions
with asteroids) on the earth and its inhabitants.

0038 Understand characteristics and properties of the hydrosphere.

For example: properties of water; characteristics of oceans, surface water, and
ground water; and use of the water cycle to explain the movement and renewal of
ground water and of water in oceans, glaciers, rivers, lakes, and watersheds.

0039 Understand the earth's atmosphere, weather, and climate.

For example: the structure and characteristics of the atmosphere; factors that
contribute to the uneven heating of the earth's surface; the effects on weather of the
uneven heating of the earth's surface; mechanisms of energy transfer in the atmos-
phere; air pressure and the movement of air in the atmosphere; cloud formation and
precipitation; equipment and techniques used to monitor the weather; the interpreta-
tion of meteorological information; and techniques used to predict the weather and
climatic change.

0040 Understand components of the solar system and universe and their interactions.

40

For example: the planets and their characteristics; interactions and movements

of the earth, moon, and sun (e.g., seasons, moon phases, tides, eclipses); charac-
teristics of stars and other objects in the solar system and universe; and theories of
the origin and evolution of the universe.



Test Objectives: Middle School Mathematics/Science

INTEGRATION OF KNOWLEDGE AND UNDERSTANDING OF MATHEMATICS [10%)]

In addition to answering multiple-choice items, candidates will prepare written responses to
questions addressing content from the preceding mathematics objectives (1-20), which are
summarized in the objective and descriptive statement below.

0041 Prepare an organized, developed analysis on a topic related to one or more of the
following: number sense and operations; patterns, relations, and algebra; geometry
and measurement; data analysis, statistics, and probability; and trigonometry,
calculus, and discrete mathematics.

For example: presenting a detailed solution to a problem involving one or more
of the following: place value, number base, and the structure and operations of
number systems; application of ratios and proportions in a variety of situations;
properties, attributes, and representations of linear functions; modeling problems
using exponential functions; the derivative as a rate of change and the integral as
area under the curve; applications of plane and three-dimensional geometry; and
design, analysis, presentation, and interpretation of a statistical survey.

INTEGRATION OF KNOWLEDGE AND UNDERSTANDING OF SCIENCE [10%]

In addition to answering multiple-choice items, candidates will prepare written responses to
questions addressing content from the preceding science objectives (21-40), which are
summatrized in the objective and descriptive statement below.

0042 Prepare an organized, developed analysis on a topic related to one or more of the
following: history, philosophy, and methodology of science; chemistry; physics;
biology; and earth and space science.

For example: the structure and nature of matter; chemical and physical changes
in matter; the concepts of energy, force, and motion; characteristics and behavior
of waves, sound, and light; characteristics and life processes of living organisms;
principles and theories related to the inheritance of characteristics and biological
evolution; the structure and composition of the earth and processes of structural
change in the earth's crust; characteristics and properties of the hydrosphere and
atmosphere; components of the solar system and universe and their interactions;
and the nature of scientific thought and inquiry.
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FORMULAS

Description Formula
Sum of the measures of the interior angles in a S=(n-2)x 180
polygon
Circumference of a circle C=2nr
Area of a circle A=mr?
Area of a triangle A= %bh
Surface area of a sphere A=4nr?
Lateral surface area of a right circular cone A =qr\r2 + h2
Surface area of a cylinder A =2nrh + 2nr?
Volume of a sphere V= %nrﬁ‘
Volume of a right cone and a pyramid V= %Bh
Volume of a cylinder V =nrzh

at+a

Sum of an arithmetic series

Sum of a geometric series

Sum of an infinite geometric series

Distance formula

Midpoint formula

42
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n=0
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Description

FORMULAS (continued)

Slope

Law of sines

Law of cosines

Arc length

Density of an object

Quadratic formula

Formula
_Ay Yo s
T Ax T X2 X
a b c

sinA - sinB sinC

c2=a2+ p2—-2abcos C

s=r0
m
D=v
—b ++/b? — 4ac
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Sample Test Items:
Middle School Mathematics/Science (51)

1.  Use the sequence of steps below to answer the question
that follows.

4.26 x 2.2

(426 x ﬂﬁ) x (22 x 11—0)

426><(11m><22>x11—0

426 x (22 x 535) * 75

(426 x 22) x (ﬂﬁ x ﬁ)
1

(426 x 22) x (7905)

1 1
BN

The sequence of steps above could be used to answer which
of the following questions?

A.

How can a decimal be converted to a fraction reduced to
lowest terms?

Where should the decimal point be placed in the product
of two decimals?

Why is it necessary to invert and multiply when solving
problems involving fractions?

How is scientific notation used to multiply decimals?
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Sample Test Items: Middle School Mathematics/Science

2. Use the diagram below to answer the question that follows.

Input (x)

A/

Square value

_—

Subtract from two

—> Output (y)

Which of the following graphs represents the function described in the above diagram?

A

B.

» X

A

46
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Sample Test Items: Middle School Mathematics/Science

3. Use the geometric proof below to answer the question that follows.

Given: Circle P; R

PQ is a median of APRS
Prove: ARPQ= ASPQ )

S

Statements Reasons
1. Circle P; PQ is a median of APRS 1. Given
2. RQ =QS 2. Definition of median
3. PR and PS are radii of P. 3. Definition of radius
4. PR = PS 4. All the radii of a circle are congruent.
5. 72 5. 7
6. ARPQ= ASPQ 6. SSS postulate

Which of the following statements and reasons would be most
appropriate in step 5 of this proof?

A. Statement Riason_
ZQPR = £ZQPS PQ L RS
B. Statement Reason
P is the center of the Definition of a circle
circle.
C. Statement Reason
ZPSQ =z ZPRQ Properties of isosceles
triangle
D. SLatenEnt Reason
PQ =PQ Reflexive property of
congruence
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Sample Test Items: Middle School Mathematics/Science

48

Which of the following situations best represents a random
sampling?

A. Ask every tenth person coming out of a health spa how
many times a week they exercise to determine how often
people in the town exercise.

B.  Survey students in advanced biology classes to
determine the average amount of time students in
a certain school study each week.

C. Find the heights of all boys in a senior gym class to
determine the average height of all boys in the school.

D. Count the number of chocolate chips in every fifth cookie
to determine the average number of chocolate chips per
cookie in a bag of cookies.

The graph of the function f(x) = 2x2 — 6x + 4 has its minimum

value at the point @ —% . Which of the following statements

must be true?

A.  The derivative of f(x) is zero when x is equal to %

B. The value of f(x) approaches a limit of zero as x
approaches %

C. The graph of f(x) shifts from a concave downward shape
to a concave upward shape.

D. The slope of the line tangent to f(x) at x = % is equal

_1
to >-



Sample Test Items: Middle School Mathematics/Science

Students are planning to study the
effects of a nitrogen fertilizer on the
growth of young corn plants. Two
weeks earlier, the students started
approximately 100 plants from seed
under identical conditions. From this
group of 100 seedlings, the students will
select 40 seedlings to use in their study.
To provide experimental results that will
be most representative of corn
seedlings in general, the students
should choose:

A. 20 large and 20 small seedlings.
B. 40 mid-sized seedlings.

C. 40 randomly selected seedlings.

D. the 40 smallest-looking seedlings.

7. Containers 1 and 2 are identical.

Container 1 contains one mole of gas X,
and container 2 contains one mole of
gas Y. Both containers are sealed and
represent closed systems. The
molecules of the gases in the two
containers have the same average
speeds, but gas Y has a much higher
temperature than gas X. Which of the
following pairs of gases is possible for
gas X and gas Y?

A. Gas Xis helium,and gas Y is
hydrogen.

B. Gas Xisargon,andgasY is
hydrogen.

C. Gas Xisoxygen,andgas Y is
helium.

D. Gas Xis oxygen,andgas Y is
argon.
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Sample Test Items: Middle School Mathematics/Science

8. Use the diagram below to answer the question that follows.

50

The lever shown in the diagram above is
4 m long, with the fulcrum 1 m from one
end. A 12 kg load is placed on the end
of the lever nearest the fulcrum. What
load must be applied to the opposite
end of the lever at F in order to balance
the 12 kg load?

A. 3kg
B. 4kg
C. 8kg
D. 9kg



Sample Test Items: Middle School Mathematics/Science

9. A genetic mutation that results in a

nucleotide insertion usually has a much
greater effect on the organism than a
genetic mutation that results in a nucleo-
tide substitution. This is true because a
nucleotide insertion:

A. causes a shift in the reading
frame of the DNA code.

B. causes structural damage to the
DNA molecule.

C. makes a gene unreadable at the
ribosomal sites.

D. disrupts normal processes of
mitosis and meiosis.

10. Use the information below to answer

the question that follows.

As Pangaea pulled apart, the modern
Atlantic Ocean was formed. At the
same time, another rift developed just
to the west, along the present-day
Connecticut River Valley. This rift,
rather than forming an ocean or sea,
resulted in volcanic activity and lava
flows in the area that is known today as
the Holyoke Range. Much of the old rift
has since been filled in by sediment that
later lithified.

Based on the information in this
passage, the rock making up the
Holyoke Range can best be
classified as:

A. aggregate.

B. sedimentary rock.

C. metamorphic rock.

D. igneous rock.
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Sample Test Items: Middle School Mathematics/Science

11. Use the information below to complete the exercise that follows.

A company is considering two bonus-plan options for its employees for the next 20 years. The
two options are explained in the following chart.

Option 1: Receive $2 the first year. Every year thereafter receive twice the bonus amount
of the previous year.

Option 2: Receive $200 the first year. Every year thereafter receive $200 more than the
bonus amount of the previous year.

Use your knowledge of exponential and linear functions to develop a response in which you
analyze the bonus received each year during a 20-year period under each option. In your
response:

» create a data table representing the bonus received each year over a 12-year period for
each option;

« graph the data from both tables on the same coordinate grid and connect the data with the
line or curve that best fits the data;

» compare the bonus plans over the 12-year period, including a discussion of the significance
of the point of intersection of the two graphs;

+ explain what type of function, exponential or linear, models each option;
» find equations that describe each option; and
+ identify an expression that represents the difference between the bonuses received under

the two options in the twentieth year.

Be sure to show your work and explain the reasoning you use in analyzing and solving this
problem.
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Sample Test Items: Middle School Mathematics/Science

12.

Use the information below to complete the exercise that follows.

In the lungs of mammals, including humans, the circulatory and respiratory systems are closely
associated anatomically and physiologically.

Using your knowledge of the circulatory and respiratory systems, write an essay in which you:
» describe what important physiological process occurs in the lungs;
« explain how the structures of the lungs and the circulatory system facilitate this process; and

» briefly describe how pulmonary circulation differs from systemic circulation.

53



Answer Key and Sample Responses:
Middle School Mathematics/Science (51)

Question
Number

54

1.

10.

Correct
Response

B

g > W T O »

Test Objective

Understand principles and operations related to integers, fractions, decimals, percents, ratios, and
proportions.

Understand properties of functions and relations.
Understand the principles of Euclidean geometry and use them to prove theorems.

Understand descriptive statistics and the methods used in collecting, organizing, reporting, and
analyzing data.

Understand the conceptual basis of calculus.

Understand principles and procedures of research and experimental design.
Understand the kinetic molecular model of matter.

Understand the concepts of force, motion, work, and power.

Understand principles related to the inheritance of characteristics.

Understand geologic history and processes related to the changing earth.



Answer Key and Sample Responses: Middle School Mathematics/Science

11. Sample Response

The sample response below reflects a strong knowledge and understanding of the subject matter.

The dota tobles representing the bonuses received each year over a 12-year period for the
+two options are shown below.

Op‘h'ovx |
Yeowr | 2 3 i 5 b 7 8 9 o) I (2
Bonus 2 Y 8 b | 32 | b¥# 128 2Bb 51 loPZ% 2048 | #09%
(dollars)
Op‘Hon 2
Yeowr [ 2 3 Yy 5 b 7 8 9 (o) It 12
Bonus 200 400 | bOO | 8OO | IOOO | IROO | HOO | 1LOO | 1BOO | ROOO0 | RROO | ”400
(dollars)
The dota from the tobles con be graphed on a coordinate grid as shnown below.
y
A option 1
4000 |
3000}
- option 2
8 B
©
e P
3 2000/
[e]
m
1000 |
< - I 8 12 > X
Number of Years
4
(continyed)
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Answer Key and Sample Responses: Middle School Mathematics/Science

The two grophs intersect at point P, where they both pay the same bonus. Tor all years
before this point Capproximately yeors [ through i, option 2 yields a higher bonus.  For all yeors
after +his point (yeors 12 and beyond), option 1 yields a higher bonus.

The bonus plow offered in option [ increases by a constant foctor of 2 and therefore is
modeled by an exponential equation. The exponential equation that models this bonus plan is
y = 2% The bonus plon offered in option 2 increases by a constant rate of 4200 eoch year and
therefore is modeled by a linear equation. The linear equation that models this bonus plan is
y ¥ 200x.

In the 20™ yeor, the bonus offered by option | exceeds that offered by option 2 by
2% = 4000 dollors.
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Answer Key and Sample Responses: Middle School Mathematics/Science

12. Sample Response

The sample response below reflects a strong knowledge and understanding of the subject matter.

The lungs carry out the first stoges of +the physiological process of respiration, which corries
oxygen 1o the cells of the body ond removes corbon dioxide.

Trhaled air travels through the trachea, bronchi, bronchioles, ond into the alveoli. The
alveoli are air-filled sacs with walls that are only one cell thick ond are surrounded by tiny
copillaries filled with blood. Carbon dioxide dissolved in the blood diffuses across the walls of the
alveoli into the air of the lungs and is exnaled. Oxygen diffuses from the air in the lungs across
the alveolor walls and into the blood. This oxygen-rich blood travels o the heort as port of the
pulmonarry circulotion and is then pumped +o all the cells of the body as part of the systemic
circulotion.

The pulmonary circulotion and the systemic circulation differ primorily in the relotive
amounts of oxygen and corbon dioxide in the arteries and veins. Blood that is low in oxygen and
high in corbon dioxide is pumped through the pulmonary arteries to the copillaries surrounding
the alveoli of the lungs.  Twn the lungs, the blood loses carbon dioxide, picks up oxygen, ond
returns 10 the heart through the pulmonary veins. This blood, which is oxygen-rich and carbon
dioxide-poor, is then pumped by the heart through the systemic arteries to the copillary beds of
the body where it loses oxygen to the cells and picks up carbon-dioxide.  The blood, which is now
oxygen-poor and carbon dioxide-rich, then returns to the heart through the systemic veins and
is pumped by the heart bacK +o the lungs.
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