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Review Materials. Hed-test materidsfor al three grades were reviewed. A Teacher Resource
Package will be available and was reviewed. The package includes a Teacher
Edition for each grade, which contains student pages, Teacher Commentary,
suggestions about pacing, blackline masters, and solutionsto al problems. The
package dso contains ABooks in Brief,(§ which describe the role present
materids and its relation to past and to future materiad. Also included in the
package is a set of sudent assessments. A second set of assessmentsisaso
avalable. Ancillary materids are under development including booklets with
chalenging problems and projects.

Format/Description: Thisisacomplete three-year secondary school mathematics curriculum
intended for al students. The curriculum is integrated; meaning that materia from severa areas of
mathematics are included in any given year. For our purposes, we have centered our description
around Six strands: algebr a/number /function, geometry, trigonometry, probability and statistics,
discrete mathematics and logic and reasoning. Not al strands appear in each year. The student
materid is content-centered. That is, mathematica topics take center stage in each section usualy
followed by concepts applied or connected to various contextua and Areal-world@ Stuations. Each
grade level isdivided into two books, a. and b, for ease of using; especidly with block scheduling. The
a. section is meant to precede the b. section. Each section is divided into chapters and each chapter is
divided into severa sub-sections. Each sub-section begins with stated learning objectives for that sub-
section and severd student activities within explorations followed by aproblem set. The activities are
coded with icons indicating either a discussion topic, awriting topic, or an activity that should be done
before proceeding. Some sub-sections contain ideas for longer sudent projects. The margins of the
sudent materias contain Thinking Tips, About Symbols, and About Words (notes that detail how
some everyday words have more specific meanings in mathematics). Appendices for each level detall
technology information helping students learn to use a T1-82 (83) Graphing Cdculator, use a
spreadshest, program a T1-82 (83), etc.

The Teacher Commentary includes an overview and general comments on the sudent materids as well
as suggestions concerning the implementation of the materid in the classroom. It contains comments
and answers to the activities and problems contained in each sub-section. Blackline Magsters are
included, aso.



Pedagogy:  Thecurriculum ddivery in the classroom is based on directed student activities where
students Atry out(l approaches suggested by the materials or apply concepts with which they are
working. There are follow-up homework problems. The classroom activities may be directed by the
teacher using the text dong with a more conventiond teaching approach or students can read the text
and do activities on their own with the teacher acting as both a guide and provider of additiond materid
or explanation. These materias have been implemented with students working individualy aswell as
with students working in groups. Sometimes the Teacher Commentary or student materias suggest
student interaction such as comparing answers to activities or generd discusson. Other times, choices
are |eft to the teacher.

Technology: Graphing calculators are essentid for the ddlivery of the curriculum. Such calculators
are used in the mgority of the materid. The TI-82 (83) seriesis supported by the student materials. In
addition, spreadsheet capabilities are used in some units. For example, spreadsheets are used in the
materia on linear programming. (The use of Excd is supported in an gppendix to that materid.) In
addition, students will use technology to produce scatterplots, fit regression lines, graph functions,
observe patterns, and do tedious caculaions.  Some programming on graphing caculators is included.
The availability of adynamic geometry program such as the Geometer=s Sketchpad is suggested for
some of the geometry materid.

Assessment: Assessments are provided for each sub-section of each book. These assessments
indude Aquizzes)) for each chapter and end-of- section assessments.

Content Overview: MATH Connections is an integrated curriculum in the sense that content
associated with algebra, geometry, and data anadysis appears at each level. (Note that some coordinate
geometry regarding straight lines gppearsin the firgt year of the curriculum and islisted under the
algebra/number /function section for Year 1 below.) In addition, thisreview identifies severd strands
that occur in the curriculum taken as awhole: agebra/number/function, geometry, trigonometry,
probability and statistics, discrete mathematics and logic and reasoning. Not al strands appear in each
year. Seebelow for details concerning the appearance of these strandsin the various years. 1t may be
noted that Y ear 1 materid is heavily concentrated in algebra, Year 2 materid is heavily concentrated in
geometry, and Year 3 contains consderable materid in pre-caculus and discrete mathematics. While
the above emphases suggest a more traditiona division of materid, it must be noted that many of the
concepts within these topics are non-traditional. Moreover, Atraditionall topics associated with these
emphases may gppear esewherein the curriculum. For example, axiomatic proof involving geometry is
covered in Year 3 despite the emphasis on geometry in Year 2. As a second example, while the
concept of function may be more traditionaly included in a course on pre-caculus, the topic of functions
appears throughout the entire M ATH Connections curriculum. In the words of the developers, " a
major goal of the curriculum isthe development of higher-order thinking skills." The
developmental gpproach most often used is for the students to actively explore a concept in order to
develop experimenta evidence and/or recognize a pattern, be assured the pattern is accurate, represent
the pattern by a symbolic formula, and then gpply the formulain red-world Stuations. Thereisastrong
symbolic component throughout the curriculum. 1t is the philosophy of the developers that a great dedl
of mathematica power comes from being adle to Aunderstand formulas and be able to trandfer use them




to avariety of contextsfi Graphica and tabular representations are dso included throughout. Many
times students are asked to think about and discuss or write about what they are doing and why they
aredoingit. The problem set reinforces and extends, to some degree, the materia in the sub-section.
It usualy does not contain traditional smple drill and practice problems. It often does contain additiona
material and/or cases not covered in the preceding narrative as well as gpplications. Our description of
what students completing this curriculum will know and be able to do is given in terms of the strands
mentioned above. Some topics, such as coordinate geometry, could be listed under more than one
strand. However, when topics are closgly integrated, the decison has been madeto list them only
under one strand in each year. Moreover, the description below does not necessarily describe the
order in which topics are encountered in the curriculum within each year. For the most part, topics
which are mentioned or worked with briefly but not emphasized to any degree are omitted. However, in
some places we say, smply, that students are Aexposed( to such topics.

Yearl
Algebra/number /function: Using appropriate variables and congtants, sudents will be able to write an
equation to represent one quantity in terms of one or more other quantities. They will be able to
evauate equations or formulas, including exponentid equations, for specified vaues. Given atable of
vaues, they will look for any patterns and, if found, write aformula to represent a generdization of the
pattern. They will be able to use the correct order of operations to compute an arithmetic expresson or
to smplify an agebraic expresson. Students will be able to solve an equation in one variable, by
applying the appropriate laws of agebra, including the commutative and associative laws of addition and
multiplication and the digtributive law. They will be able to write an exponentia expression to represent
ared-world stuation involving exponentid growth or decay. Studentswill be able to construct a
rectangular coordinate system and plot points that represent ordered pairs of coordinates. Given the
coordinates of two points, they will be able to compute the dope of aline. They will recognize that a
verticd line hasno dope. They will be able to write alinear equation in the form y=mx+b when given
two points or the dope and y-intercept. Using a graphing caculator, sudents will investigate the effect
of achangeinaor b on the graph of alinear equation y=ax+b. They will dso explore the effect of
integrd changesin integra exponents on the graph of y=x¢, for a$1. They will be ableto graph alinear
equation in the form y=mx+b (with and without the aid of acaculator). They will compare graphs of
linear equations in terms of their dopes. Given ared-world Stuation, they will be able to write alinear
equation of the form y=mx+b, draw its graph, and use both in the andysis of the problem. Using atree
diagram to organize possible outcomes, students will develop an dgorithm for an efficient way to play a
number guessing game and gpply it in solving red-world problems. They will graph inequditiesin one
variable on anumber line. Students will utilize graphs and/or tables of vaues to compare two sets of
data. By plotting points, they will graph two linear equations on the same set of axes, find the point of
intersection, and make comparisons. They will also use the calculator to graph pairs of equations (some
non-linear) and find their point(s) of intersection. They will solve systems of two linear equations of the
form y=mx+b dgebraicaly (subgtitution method). They will graph equations of the form ax+by=c by
plotting points (including the x- and y-intercepts) and solve systems of these equations graphically.
Students will be introduced to alinear programming problem and its terminology (e.g. congtraints, region



of feesble solutions). They will graph a system of linear inequdities and investigate where maximum
profit occurs within the feasible region.

Students will be able to determine whether or not a Situation describes afunction. They will be able to
identify the domain and range of many functions, use function notation, and evauate a function at
specified values. They will write aformulafor a sequence of numbers and useit to find the ri" term in
the sequence. They will use a spreadshest to generate a sequence. They will determine whether or not
two functions are equa on the domain of counting numbers. Students will be able to make atable
and/or graph to represent a function, including step functions. They will write afunction and create a
smple program for the caculator to convert temperature scales (Celsusto Fahrenheit). They will write
alinear or exponentid growth (involving compound interest or population growth) function for red-
world situations and graph it on the coordinate plane. They will dso graph afunction on the caculator
and use the trace feature to evaduate it at gpecific vadues. Given two or more functions, sudents will be
ableto find and evauate a compodte function. They will be able to write a function as the composite of
two or more smpler functions. They will be able to describe some real-world processes as composite
functions. They will examine the laws of commutativity and associivity with respect to the operation of

composition (e.g. fBgOgBf).

Students will be able to compute the absolute vaue of anumber. They will be adleto cdculate a
number written in exponentid form. They will recognize the power of exponents by exploring the dlassic
doubling problem (1 penny, 2 pennies, 4 pennies, 8 pennies, etc.). They will be able to convert
numbers expressed in scientific notation to standard notation and vice versa. Using the caculator, they
will solve problems involving operations with scientific notation. By investigating patternsin multiplying
integers, they will draw conclusions concerning the multiplication of negetive integers.

Probability and statistics: Students will recognize the need for a systematic gpproach to counting and
they will investigate and develop a variety of Strategies to solve counting problemsin severd contexts.
They will be introduced to set notation and terminology (e.g. intersection, union, digoint, empty set).
They will be ableto ligt the dements of a set, count the number of dements, and identify subsets. They
will redlize that A1@ and Ac() are associative operations.  Students will use Venn diagrams (2 and 3
circles, with aknown quantity for the intersection) to partition setsinto digoint subsets and determine
the number of dementsin these subsets. They will usetree diagramsto find al possible outcomes for an
event. In casesthat involve two possible outcomes at each leve, they will become aware of the
symmetry of the branches and the need to create only a partia tree to ascertain the total number of
outcomes. They will be able to gpply the Fundamentd Principle of Counting. Students will utilize these
counting strategies in assgning probabilities to events on the basis of intuition, past experience,
experimentation, or theory. They will recognize that a probability must be a number between 0 and 1,
inclusve. They will be able to identify certain and impossible events, assgning an appropriate
probaility to each. Using the definition of probability for eventsinvolving equaly likely outcomes (i.e.
P(E)=# of acceptable or favorable ways/tota # or possible ways), sudents will be able to find the
probability of an event. They will become familiar with expectation as they compute the expected
frequency of an outcome for a given number of repetitions of an experiment. They will be introduced to
conditiond probability (not stated as such) asthey find the probability of an event given aknown



previous occurrence or condition. They will be able to find the probability of the complement of an
event aswell asthe intersection or union of two events. They will examine the generdization
P(AcB)=P(A)+P(B)-P(A1B). They will apply their knowledge of probability in finding medica indices
that could serve as predictors of survivd in trauma cases. Students will explore smulation as a means of
modedling red-world stuations (eg. waiting times a the post office). They will become familiar with
random number tables and use the caculator to random generator feature to smulate the flipping of a
coin N times.

Students will investigate sets of data that have been gathered by them or another source in terms of
measures of central tendency and spread of data. They will be able to compute the mean, median, and
mode (using a caculator with gatistical cgpabilities, if they wish) and determine which is the most
appropriate measure of the center. They will andyze the effect of a change in one or more data values
(including an extreme value) on the mean, median, and mode. Given a set of data, they will be able to
construct a bar graph, adot plot (line plot), astem-and-leaf plot, and a hisogram. Students will be able
to find the range and mean absolute deviation for a set of data. They will be able to determine the five
number summary for a set of data, construct a boxplot from these figures, and anayze the spread of the
data. They will be able to compare and contrast sets of data represented by two or more boxplots,
histograms, or back-to-back stem-and-leaf plots. They will use a spreadsheet to cdculate the mean,
mean absolute deviation, and the five number summary for a st of data. They will explore and cdculate
the variance and standard deviation for a set of data. They will compare and contrast two sets of data,
draw conclusions based on an andys's of measures of central tendency and spread of data, and justify
their conclusons. Studentswill be able to construct a scatterplot from atable of vaues and useit in the
andyds of the data to observe any overal trends and estimate data. They will determine when atable or
a scatterplot might be the better representation for a set of data. They will aso use linear interpolation
and the least- squares (regression) line to estimate data. In addition, they will use linear modds for
extrgpolation (prediction). Using a caculator, they will be able to find the least-squares line, use it to
make predictions, and determine whether or not their estimates are reasonable.

Year 2:

Algebra/number /function: Students will recognize equations that can be consdered identities.
Furthermore, they will use areamodelsto illudtrate the distributive property and, in particular, justify the
identity that (x-+y)?=x>+2xy+y~. They will explore situations where one varigble is directly proportiona
to another (y=kx) and situations where one variable varies as the square of another (y=kx). Inverse
vaidion isdso explored. They will find the congtant of proportiondity, write an equation, and use it to
find additiond information. Students will solve for amissng term in a proportion using the technique of
cross-multiplying. They will be abdle to solve equations involving the Pythagorean Theorem and use a
cdculator to find the square root of a number, when needed. Students will understand the meaning of
compound inequalities such as 2<x<5 and be able to separate them into two inequdities and vice versa
They will explore functions defined by multiple rules such as piecewise linear and step functions. They
will have experience describing real Situations with three variables and identify independent and
dependent variables. In particular, they will explore redl-vaued functions of two variables. With tables
and formulas. They will be familiar with notation such as T(x,y) to represent the vaue of a function with



independent variablesx and y. They will have a drategy for envisoning such relationshipsinvolving
three variables using a 2-dimensiond graph instead of a 3-dimensona graph, especidly when the
variables are discrete. The gtrategy involves plotting A contour lines) of the graph determined by fixing
one of the variables a various points and graphing the resulting reaion. Using complete graphica
information obtained from this process, for example, students will be able to determine whether or not
the function of two variablesislinear. They will know what to ook for symboalicaly to determine
whether or not afunction of any number of variablesislinear. Also, here, amatrix isdefined asa
function of two variables where the independent variables represent vauesin the set {1,2,..,n} for some
particular n. Studentswill be able to distinguish between categorica and measurement variables. They
will have experience making some theoretical models and comparing the modd to actud data. They will
understand the term Aresidudlil as the actua value minus the predicted value. They will explore
Aadditivef) modds of functions versus Ainteractivefl models of functions of two variables (where thereis
usudly aterm containing the product of the two independent variables))

Students will be able to identify linear equationsin two variables in severa symbolic forms such as
y=2x+1 and 2x+3y=6. They will be able to solve for one variable in terms of another in these Stuations.
They will have experience solving sysems in two unknowns using dimination. In fact, they will be able
to work with the Gaussan Elimination agorithm and back subgtitution to solve systems of liner equations
involving up to three variables. They will be able to represent such linear systems using matrices and be
able to apply Gaussian dimination using row operations both by hand and using technology. They will
be able to determine when this process reveds a system which has no solution, infinitely many solutions,
and aunique solution. They will be able to interpret the latter Stuation geometricaly with two and three
unknowns. Students will use these concepts in many gpplied settings. For instance, within mathematics,
they will have experience Afittingd an equation of the form (x-a)®+(y-b)?=c to three data pointsin the
plane by solving a system of linear equations in three unknowns using Gaussian Elimination and back
subdtitution. By graphing the equation, they will see this as determining a circle through the three points.
They will dso have experience fitting a parabola to some sets of three points using eimination. Students
will aso be able to use matrices for organizing, sorting, and manipulating information. They will have
contextual reasons for defining the addition, subtraction, and multiplication of matrices, and know when
these operations can be performed. They will have seen and worked with some abstract properties of
operations with matrices, eg. commutativity of matrix addition, but not multiplication; associdivity of
addition and multiplication; and properties of the "zero" matrix (dl entries are zero) with addition and
identity matrices (ones dong the diagonad and zeros otherwise) in matrix multiplication. In addition, they
will understand and be able to use the concept of multiplying amatrix by a scaar. Students will have
experience working with the least squares computations by hand and determining the Acoefficient of
determination) (usualy called r?). They will be introduced to S-notation. They will know the basic
shapes of quadratic polynomias and at least the shape of the cubic y=x°. They will seewhat a, b, and ¢
do in each of the casesy=ax? ; y=x+b ; y=(x+c)? ; and y=x +cx, for at least n=2.

Geometry: Students will redlize the advantages and disadvantages of modding red-world Stuations, in
particular, they will distinguish between shortest distances on amap vs. aglobe. They will be able to

identify units of measure for length and time, measure lengths using sandard and nonstandard units, and
recognize the importance of standard units of measure. Students will be able to compute the perimeter



of equilatera polygons usng the formula P=ns, as well as perimeters of other regions (e.g. rectangles,
triangles). They will identify polygons and name their vertices, Sdes, and angles. Using a compass and
draightedge, they will construct the perpendicular bisector of aline ssgment and the perpendicular from
alineto apoint not on theline. They will dso be ale to condruct atriangle, given itssde
measurements, and they will be introduced to the triangle inequality when they are given messurements
that cannot form atriangle. They will congtruct an isosceles triangle, aswell as the bisector of its vertex
angle. They will be able to determine the axes of symmetry for afigure, including an equilaterd triangle,
rhombus, rectangle, square, and other regular polygons. They will investigate the property that the
diagonas of arhombus are perpendicular bisectors of each other. They will classfy certain
quadrilaterads (pardlelogram, rhombus, rectangle, square) according to sides and angles. Students will
investigate srategies for finding the area of aregion, including the use of formulas for arectangle, a
triangle and a pardlelogram, Atilingd a region and counting unit squares, and the Adivide and conquer
agorithm which divides aregion into smdler areas that can be found and summed to yield tota area.
Moreover, they will redize that the area of a polygon can be determined by triangulating it and adding
together the aress of the triangles. They will identify the Pythagorean Theorem, useit to find the length of
adde of aright triangle when the other two sides are given, and use its converse to ascertain whether or
not atriangleisaright triangle. They will convert some English units of measure (eg. square inchesto
square feet) and some metric measures (e.g. square centimeters to square decimeters). They will be
able to determine the volume of arectangular prism.

Students will investigate the concept of proportiondity. They will be able to use a scding factor to
determine measurements of sSmilar figures and create a proportiona drawing. Given measurements of
two amilar figures, they will find the scaling factor. They will conclude whether or not two triangles are
smilar by comparing lengths of corresponding sdes and finding the ratio of amilarity, if possble.
Students will identify kinds of angles (acute, obtuse, right, straight, reflex) and examine different waysto
measure them using dope, degrees, and AA-measuref) (where the class decides on a unit of angle
measure). They will convert dope measure of an angle into degree measure and vice versa, using the
tan* and tan calculator keys. They will redlize that angle measurement is unaffected by sceling. They
will compute and compare perimeters and areas of scded figures (i.e. if afigureis scded by afactor of
k, itsareawill change by afactor of k?). They will aso compute the volume of a scaled rectangular
prism and redlize that its volume changes by afactor of k3. Students will know that the measures of
vertical angles are equa and that supplementary angles can form a sraight angle. They will explore
corresponding angles and dternate interior angles formed by two lines crossed by atransversd. In
particular, they will seethat two lines cut by atransversd are pardld if and only if the measures of a pair
of corresponding angles (or dternate interior angles) are equal. [ Software such as the Geometer-s
SKetchpad is suggested in the Teacher Commentary as a means to explore angle measures] Students
will be guided through a series of steps leading to the fact that the sum of the angles of any triangleis
180E. They will explore the sum of the measures of the interior angles of any polygon to eventualy
discover the generdization (n-2)180E for an n-gon. They will redize that the sum of the measures of the
exterior angles of any polygon is 360E. Furthermore, using appropriate formulas, they will compute the
measure of adngle interior angle and exterior angle of aregular polygon. Focusing on triangles, sudents
will investigate the congruence principles (SSS, SAS, ASA, AAS) and use them to determine atriangle
from given angle or Sde measurements. They will recognize that SSA and AAA are not vdid principles



for determining atriangle.

Students will be able to congtruct regular polygons with a given number of Sdeswith geometry software
such as the Geometer:=s Sketchpad. They will see many properties of the circle. They will know its
Acenter-radiusi definition (i.e. the set of pointsin the plane afixed distance from a given point). They
will recognize that every diameter of acircleis an axis of symmetry. They will know the definition of
rotational symmetry and be able to compare the rotationa symmetry of regular polygonsto the
rotationa symmetry of the circle. They will know that the set of circles that pass through two given
points have centers on the perpendicular bisector of the segment joining the points and conversely. They
will be able to condruct a circle passing through three points with straight edge and compass by locating
its center. They will be able to represent a circle parametricaly using such parametric representations as
(cosq, sinqg) for the unit circle. They will investigate what a transformation (at+rcosg, b+rsing) does to
the unit circle. They will be able to determine parametric representations for circles in the plane and be
able to utilize such representation aong with technology that plots parametricaly (such asthe TI-82) to
display designs created from circular arcs. Using results on changesin area and perimeter of amilar
figures, they will explore reationships between the area and perimeter of acircle. For example, they will
compare the area and perimeter of a circle to the area and perimeter, respectively, of the unit circle.
They will discover that the area of the unit circleisp (square units) and develop severd gpproximations
to its value usng geometric means. They will see that the area of a circle can be found by multiplying its
circumference by its radius and dividing by two. They will aso expressthe area and perimeter of acircle
asafunction of itsradius (i.e. A(r) = pr® and C(r)=2pr). They will be able to use the proportional
relationship between a centra angle of a circle and the length of the corresponding arc and the
proportiona relationship between a centra angle of acircle and the area of the corresponding segment
of the circle. They will be able to supply judtification for gpecia cases. They will dso be ableto usethe
relationship between an inscribed angle and one of the central angles with the same endpoints asthe
inscribed angle and will have worked through a judtification of this rdaionship. They will know that
some properties don-t characterize the circle. For example, they will know that there are curves other
than the circle which have congtant width (e.g. a Reuleaux Triangle). Students will investigate three-
dimensond shapes. They will have two-dimensiond srategies for describing these shapes (such asa
cone). They will be able to use nets (two-dimensiond patterns) that fold into polyhedra and other solid
shapes. They will determine a method, using the Atwo-dimensond@ Pythagorean Theorem for
cdculating the height of a pyramid with equilaterd triangular Sdes and aregular polygon as a base
knowing the length of an edge. They will redize that a pyramid with aregular polygon as base and
equilaterd triangular Sdes must have a base with fewer than six Sdes. They will redize that aregular
polyhedron has the property that the sum of the angle measures at each vertex isless than 360°. They
should have developed ajudtification for the fact that there are only five regular polyhedra. They will be
able to use two-dimensiond contour curvesto describe irregular shapes such as geologicd landscapes.
They will be able to describe a cone using a net formed by removing a sector of acircle. They will be
able to cdculate the radius of the base of a cone as afunction of the central angle measure of the sector
of the circle removed. They will be able to caculate the height of a cone as afunction of the radius of
the base of the cone. They will be able to compose these functions to represent the height of aconeasa
function of the centra angle of the central angle measure in the net. They will be able to describe solids
such as prisms and cylinders using two-dimensond cross-sections. They will be able to caculate the



surface area of a prism from information about its height, the number of edges of its base, and the length
of each of those edges. They will provide some detail in the development of aformulafor the volume of
acone usng mostly geometric arguments. They will know Cavdierizs Principle and have worked
through a plausibility argument by comparing cross-sectiona dices of two prisms of the same height
where oneisaright prism and the other is oblique and letting the thickness of these cross-sectiond
dices drink.

They will develop avery intuitive notion of this latter explanation as aAlimiting A procedure. They will
use Cavdierizs Principle to determine the volume of solids. For example, they will have seen the
Principle used, with some dgebraic manipulations, to develop aformulafor the volume of a sphere.
They will investigate solids of revolution (without coordinates) of many bounded plane regions around a
line. They will have seen evidence based on geometry and a gebra to support the Pappus- Guildin
Theorem which states that the volume of a solid of revolution is the product of the area of the region and
the distance traveled by the center of gravity (centroid) of the region. They will explore the center of
gravity of triangles, rectangles, circles, and semi-circles and, thus, be able to determine the volume of the
solid obtained by rotating one of these regions about aline (which does not intersect the region). They
will beintroduced the a coordinatization of three dimensions using the three sandard axesin the
gtandard orientation. They will have seen the formulafor the distance between to points in the plane and
two pointsin three-gpace developed. They will be introduced to Aset builder@ notation. They will be
able to describe many three-dimensona objects usng sets of triples satisfying agebraic equdities
and/or inequdities. They will know the equations for a (two-dimensiond) circle of radiusr and a (three-
dimensonal) sphere of radiusr. They will seethat the three axes do not need to represent spacid
measures. They will see examples where solids can be used to convey information when one of the
axes measures another quantity such astime.

Trigonometry: Building on the concept of smilarity of right triangles, students will be introduced to the
trigonometric functions (Sng, cosg, tang, €scq, secq, cotg, where q is an acute angle) asratios of the
gdesof aright triangle. They will use the Sne, cosine, and tangent functions to find the length of asde
of aright triangle. They will find the measure of an acute angle of aright triangle, usng the inverse
trigonometric functions (sin*q, cos™q, tanq). They will generdize aformulafor the areaof a
pardlelogram in terms of its Sdes and an acute angle (either interior or exterior): Area=absnA.
Students will follow developments of the Law of Sines and the Law of Cosines (for acute angles only)
and use them to find the length of a<de of atriangle. Through specific questioning, they will explorea
proof that Athe angle made by a tangent line and the radius at the point of tangency isaright angled
They will caculate (sina)?+(cosa)? for severa angles, make a conjecture, and follow a generdization to
the condusion thet Sn’g+cos’g=1. They will dso seethat tarfg+1=sec?q. Given tables of sineand
cosne values for OE<q<50E, where q is an integer, sudents will compare values. Using adiagram of a
right triangle with Sdes a, b, ¢ and angle g, they will explain identities such as Sn(90E-g)=cosq and
tan(90E-q)=cotq. They will explain the connection between the dope of aline and the tangent of an
angle. They will examine the graphs of y=dnq and y=cosq on a graphing caculator and be introduced
to severd red-world examples which could be modded by the sne and/or cosine curves. They will
relate the graph of the unit circle to the sine and cosine of an angle and, hence, extend the domains of
the sne and cosine functions.



Probability and statistics: Students will perceive differences between discrete and continuous data.
They will enhance ther ability to create appropriate representations (e.g. stem-and-leaf plot, boxplot,
scatterplot, dot plot (also known asline plot)) for sets of data and compare and contrast these displays.

Usng primarily adot plot, they will examine the digtribution of data in terms of its symmetry, whether or
not it is bell- shaped or bimodal, and possible outliers. They will be introduced to bias when they
encounter data that is not Adistributed approximately symmetricaly around the true vaue

Logic and reasoning: Studentswill write the converse of statements and decide whether or not they
aretrue. If true, they will explain why; if not true, they will provide reasons or counterexamples. For
example, they will state the converse of Alf two polygons are smilar, their corresponding angles are
congruent@ and give a counterexample to show that the converse of this satement isfase. Studentswill
be introduced to the idea of proof asAalogicad argument that explains why a satement must be truefl
and they will be expected to provide logica arguments that judtify facts such as Aangles of an equilaterd
triangle must be equall and Aa quadrilateral must be arhombus if its diagonas are perpendicular
bisectors of each other.(

Year 3:

Algebra/number ffunction: Students will know the concept of function and its representation by sets
of ordered pairs, graphs, input/output tables, and symbols. They will recognize the terms dependent
and independent variable and the usud functiond notation and language, such asAy isafunction of x.(
They will be able to gpply the vertica line test to agraph in order to determine whether or not the graph
represents functions. They will know the terms domain and range and be able to find both implicit
domains of functions and domains determined by context (e.g the variable length worrt be negative).
They will be able to do thiswork with polynomids, especidly quadratics, and functionsinvolving
absolute value in real world settings. They will have seen both the general form (y=ax?+bx+c) and
dvertex formd (y=a(x-h)>+k) of quadratic functions and know the term parabola as a description of the
shape of the graph of aquadratic function. They will know the formulafor the vertex of a parabola
They will know the concept of functional composition and the notation for it. They will be able to
compose severd functions and consider the question as to whether or not a composition exits.
Conversdly, they will be able to separate many functions into compositional components. They will
know the term one-to-one function and be able to gpply the horizontd line test to the graph of a
function in order to determine whether or not it is one-to-one. They will utilize some compositionsto
shift (Atransformf) the graph of some functions and/or study the properties of functions. For example, if
f(x)=f(-x) for dl x, then the graph is symmetric around the y-axis. Similarly, if g(x)=x+b, andf isa
polynomid, then students will know that the graph of gBf isa verticd shift of the grgph of f. Students will
know the term inver se function and have Strategies to determine the symbolic representation of the
inverse of some smple functions when the symbolic representation of theinitid function isgiven. They
will know some properties of inverse functions such as the domain of the inverse function is the range of
theinitid function and the range of the inverse function is the domain of the initid function. They will dso
know properties such as f(f *(x))= x and f *(f(x))=x. They will understand and be able to determine the
graph of an inverse function from the initia function by reflection of the graph over the line y=x, when the



inverse function exists.  Similarly, they will be ble to create the table of an inverse function by
interchanging the values of x, or input, and y, or output, when the inverse exists. They will know that
some vaues of afunction are more sgnificant than others rdative to describing the behavior of the
function. For ingtance, they will know that maxima and minima are important descriptors, as are Azerosi
of afunction. They will be able to connect finding the zeros of afunction to solving an equation. They
will have severd drategies, including guess and check, for finding zeros of some functions. Moreover,
they will be able to use the quadratic equation to find the zeros of a quadratic function. They will
understand the term discriminant and understand the relation of the discriminant to the number of
(digtinct) zeros of afunction and roots of the corresponding quadratic equation. They will also be able
to use factoring to find the roots of an equation in smple cases. Findly, they will be able to use the
technology of graphing cdculators to find approximations of zeros of afunction. They will aso redize
the limitations of such technology. For example, to use the trace festure of a graphing caculator, it is
necessay to have an gppropriate viewing window, first. Students will recognize an exponentid function
symboalicaly as aAfunction which has avariable as an exponent.;. They will be able to recognize and
identify the basic shape of the graph of an exponentia growth function and differentiate it from the graph
of an exponentia decay function. They will be able to determine symbolic representations (in base 2) of
exponentid dtuations with respect to doubling time (in growth Stuations) and having time (in terms of
decay dtuations). They will understand and have developed the basic laws of integer exponents
(including zero) and extended the laws to dl red exponents. They will understand the meaning of
rationa exponentsin terms of roots and powers. They will recognize the terms base and power as
gpplied to an exponentia expresson. They will explore many goplications of exponentid models
induding hdf-life Stuations and compound interest. They will develop an intuitive sense of continuous
versus discrete Stuations, where continuous, implies, for example, that a process goes on Avirtudly@
without interruption (e.g. bacteria are virtudly dways growing). They will undersand logarithms with
base b>0 as the inverse of the exponentid function y=b* and, hence be able to determine its graph, €tc.
They will see the vaue of logarithms as functiona modelsin many Stuations. They will be ableto use
the concept of logarithms to solve exponentid equations and andyze data. For example, they will be
ableto apply alineer fit to alog plot (aplot of (x, log y)) of data points as a method for determining a
functional mode which is an exponentid function. They will be able to gpply alineer fit to alog-log plot
(aplot of (log x, log y)) of data pointsin order to determine afunctional mode which is a power
function. In thelatter Stuation, they will see that the dope of the Afitd line is the exponent of x in the
power function modd. (So, they will see at least one purpose for an irrationd exponent.) They will
know the number e intuitively as the Alimitingd value of the expression (1+1/n)Y" asn getslarge. They
will know the terms and symbols for common log, symbolized as log, and naturd log, symbolized asn.
They will have developed the basic properties of logarithms and see their benefit in many Stuations.
They will be able to determine estimates for some logarithms and use graphing caculators to find
approximate values of other logarithms. They will be introduced to the intuitive concept of a series
(Maclaurin expansion) and the limit of a series, and see how polynomias can be used to gpproximate
the trigonometric and exponentia functions, thus providing alink between these three families of
functions.

Geometry:  Studentswill have had abrief historical introduction to axiometic geometry. They will
have seen the Common Notions and Postulates as well as proofs of severa Propositions (Theorems)



from the Elements of Euclid. They will have supplied reasonsin the steps of many of Eudlid-s
Propositions. They will have proved severd Propostionsthemselves. Their historica tour will have
included a discussion of Postulate 5 (the APardldl Postulatefl) as well as some of Saccheri-s and
Riemanres work in non-euclidean geometry. They will have seen how Postulate 5 connects with basic
results concerning pardld lines, pardleograms, the sum of angle measuresin atriangle, and the
exigence of asguare. They will have had some experience proving statements in norteuclidean
geometry; especidly usng Saccheri quadrilaterals. Some of these proofs depend on diagrams. They
will be able to compare the three geometries. Lobachevskian, Riemannian, and Euclidean in terms of
axioms about pardld lines and the sums of angle measuresin atriangle.

Trigonometry: Studentswill recognize the graph of aperiodic function. They will be ableto
determine the period of a periodic function from its grgph and from atable. They will know that if ais
the period of afunction, then f(x+a) = f(x) for dl x in the domain of f. They will see examples of periodic
functionsin many contexts. They will work with both degree and radian measure of angles and be able
to convert from one angle measure to the other.  Students will understand the definition of sine, cosine
and tangent functions as they are related to the unit circle in the coordinate plane. They will be able to
recognize the graphs of the Sine, cosine and tangent functions they will know the domains (both in terms
of angles and radians) and ranges of these three trigonometric functions, what the maxima and minima
are with respect to the sine and cosine functions, and where the asymptotes are with respect to the
tangent function. They will have seen the transformations cf(x); f(cx); f(x)+b; and f(x+b) and how
combinations of these transformations affect the graphs of each of the three trigonometric functions
mentioned above. In particular, they will understand how these transformetions affect amplitude and
period of the sine and cosine functions. They will be able to determine the symbolic representation for a
Adne-typell function given its graph. They will be able to fit a sine function to a periodic data set. They
will beintroduced to theideathat it is possble to find combinations of trigonometric functions which will
make a reasonable modd for any periodic Stuation. (Students will see thet this means sometimes
modding a discrete Stuation by a continuous function.) They will be able to use the inverse sine, cosne
and tangent functions. They will recognize the graphs of these functions. They will be able to determine
some vaues of an inverse trigonometric functions based on the definition of the parent trigonometric
function and its rdation to the unit circle. They will be able to use technology to determine other vaues.

Probability and Statistics: Students will enhance their ability to use counting techniques such asthe
Fundamenta Counting Principle (sometimes known as the Multiplication Principle) and the technique of
partitioning a set into digoint subsets, counting the objects in each subset, and adding the totals in order
to determine the number of objectsin the whole set. They will have seen the development of basic
counting formulas such as permutation and combination formulas and the generd formulafor arranging
N objects in a set which has the property that it can be partitioned into sets of indistinguishable objects
of severd types (like the letters of the word Mississippi). They will be able to apply these concepts and
techniques both separately and together in counting contexts as well asin the determination of
theoreticad probabilitiesinvolving equaly likely outcomes. They will know the concept of conditiond
probability both in terms of a restricted sample space in the specid case of equaly likely outcomes and
as defined by the formula P(A|B)=P(A1B)/P(B). They will understand the concept of independent



events as two events, A and B, which satisfy the formula P(A1B)=P(A)P(B) and be able to determine
whether or not events are independent in many stuations. They will know the definition of expected
vaue and be able to compute it in many contexts. They will know the definition of binomid probabilities
in terms of measuring the probability of success in asequence of independent experiments. They will
have seen the devel opment of binomid formulas for the probability of
k successesin N trids. They will know that the expected vaue in binomia experimentsis equd to the
given probability of success They will be able to construct bar graphs of binomia probability
digtributions and be able to relate certain probabilities to the areas of the rectanglesin such bar graphs.
They will have seen aformulafor the sandard deviation in N trails of abinomid experiment with
probability of successp. They will know that as N increases, the binomid distribution can be
goproximated by a normd curve whose line of symmetry is the expected vaue of the binomid dtuation.
They will be ableto utilize the (gpproximate) area under anorma within one, two, and three standard
deviations away from the expected vaue to find probabilities in Stuations where outcomes are assumed
to be normdly digtributed. They dso will be able to utilize the area under the norma curve and its
gtandard deviation to gpproximate binomid probabilities. They will have seen an andytic formulafor the
norma curve and they will know that the standard deviation for anorma curve is ameasure of how
Abunched upf the curve is around its expected vaue. They will know what arandom sample of a
population is and have discussed bias. They will use the norma curve to evauate results from a sample
and know what a 95% confidence interva. They will know how the term Amargin of error isrelated to
a95% confidence interva and be able to compute 95% confidence interva is severa Stuations.

Discrete mathematics: Students will know and be able to use severd strategiesto solve avariety of
optimization problems. In particular, they will know, be able to explain, and be able to use the Greedy
Algorithm and Dynamic Programming to solve (weighted) Ablock diagram” problems. They will have
drategies to solve two-variable linear programming problems (including mixture and transportation
problems, etc.). These strategies include graphica methods and the use of dgebrainvolving
Adictionariesi (which is essentidly the Smplex method involving dack, basic, and non-basic variables).
They will understand the vaue of technology in solving linear programming problems with many
variables and will utilize technology (Spreadsheets) to solve some linear programming problems.  They
will have some experience solving linear programming problems involving more than two variables by
hand. They will understand the concept of a graph with vertices and edges. They will know the
meaning of connected graphs, weighted graphs, trees, spanning trees and cycles. They will understand
and be able to use Kruskal-s Algorithm for finding minima spanning treesin a connected weighted
graph. They will have seen two derivations of the basic arithmetic-geometric mean inequdlity for two
positive numbers (i.e. the arithmetic mean isless than or equa to the geometric mean). They will use
thisineguality in Geometric Programming to solve severd optimization problems, many of which are
classc cdculus problems.  Students will be introduced to concepts of infinity. They will explore some
paradoxes involving the infinite. They will be introduced to severd infinite processes which tend toward
aAlimitd Such processesinclude: unending decima expansions, generd (convergent) geometric series,
Archimedes AMethod of Exhaustion,§ and Riemann sums for area under a curve (integration). They will
intuitively undergand limit in aABolzano-Welerdtrassi sense. (Thistermisnot used.) Thet is, students
will Aclose down{ on the limit as a number between bounds which get closer and closer tegether. (The
concepts of Maclurin expansions and the limit of (1+1/n)"" as n gets large mentioned above could fit



into this context.) Students will be adle to work with formulas and dgorithms for finding the limit of a
convergent geometric series and the fractiond representation of arepeeting decima. They will dso be
ableto use thisinfinite Aclosng downi process to pogtion (infinite) decimals on the number line. They
will know that irrationa numbers do not have repeeting decima expansions. Y et, sudents will have a
Afinited strategy for positioning the square root of a pogitive integer on the number line. They will dso
encounter Stuations with infinity where thereis no limit, such asin the case of the (unending) natura
numbers. Students will see the categorization of numbersin terms of naturd numbers (pogtive integers),
integers, rationd numbers and irrationa numbers and investigate how these categories reate to each
other. They will recognize the term dense set and know, for example, that the set of rational numbersis
dense, but the set of integersisnot. They will know that both the set of rationa numbers and the set of
irrational numbers have Agapsll in them but, taken together to form the real numbers, there are not gaps.

They will be introduces to the cardinal concept (term not used) which states that two sets are equivaent
if there is a one-to-one correspondence between them. They will see that the rationa numbers and the
positive integers are equivaent, but that the real numbers and the positive integers are not. Thus, they
will be introduced to different Asizes) of infinity.

Logic and reasoning: Students will understand what an axiomatic syssemis. They will know therole
of undefined terms and the assumed truth vaues of the axioms. They will know the difference between
circular and non+circular definitions and have experience determining Acharacteristic propertiesi which
define an object.  They will have experienced the danger of hidden assumptionsin stuations. They will
understand what a consistent axiomatic sysemis. They will know the method of determining
condstency by finding an Ainstancell (redization) of the syssem. They will understand that one can prove
inconsstency by providing alogicd contradiction within the sysem. They will determine whether or not
severd axiomaic sysems are condstent. They will know that an axiomatic sysem may have many
Ainstancesi They will know what it means for a set of axiomsto be independent or dependent. They
will have gsrategies for determining dependence or independence of axioms. They will know the
difference between sentences and A(logica) statementsi, which can have truth values attached, and they
will know what theoremsare.  They will understand the role the Law of Contradiction and the Law
of the Excluded Middle play in (the usud) logic. They will have consderable experience rephrasing
complex stlatements in terms of the connectives and and or, conditionals, biconditionals and
negations. They will have experience in determining the truth vaue of acomplex satement from the
truth vaue of its component parts. They will understand the difference between universa satements and
exigentid statements. They will be able to form the negations of quantified statements and apply
DeMorgarrs Laws to quantified statements involving the connectivesand and or. They will be ableto
formulate the converse and contrapositive of conditiona statements. They will know what Avacuoudy
truel means. They will recognize theterms hypothesis and concluson. They will understand the
difference between inductive and deductive reasoning. They will have some experience proving smple
theorems using direct proof methods and using indirect proof methods (i.e. proof by contradiction).
They will be introduced to the term abstract and the vaue of an abstract modd as well as understand
the role of amplifying assumptions in mathematica modds. They will work with the axioms for a group
and see many redizations of this axiom system including the integers under addition, the positive rationd
numbers under usud multiplication and modular arithmetic. They will know what a (binary) operdion is.
They may use technology (spreadsheets) to create Amultiplication tables) for finite groups. They will



have experience of formulating Smple conjectures and proving them or and other resultsin group
theory. Studentswill apply the method of proof by mathematica induction to obtain severa formulas
concerning the infinite set of pogtive integers.



