Mathematical Modeling - Book 1

Vocabulary

Chapter 1- Data Management
(1.1)

controlled experiment – any experiment in which all but one independent variable are    

                                       controlled

controlled variable – any independent variable whose value is held constant during an 
                                  experiment

dependent variable – the factor that is affected by other factors in an experiment or 
                                  relationship

independent variable – a factor that affects another factor in an experiment or relationship

variable – any measured quantity that changes in an experiment or relationship

(1.2)

accuracy – the accuracy of a measurement indicates how close the recorded measurement 
                  is to the true value.  It depends on the user’s skill in using the tool.

precision – the precision of a measurement tool is the smallest unit that can be measured 
                  with confidence using the tool.  It depends on the fineness of the scale on the 
                  tool.

(1.3) 

average – a number that is typical of a set of numbers

bin – a grouping of data values

box-and-whisker plot – a type of graph used to display data.  It shows how data are 
                                      dispersed around a median, but does not show specific items in 
                                      the data.  A box-and-whisker plot shows how data is distributed 
                                      where the middle 50% of the data is located and it shows the 
                                      median and the range of the data.

distribution – how all the data in a set of data values are spread

frequency table – a table that shows how often each data value, or group of data values, 
                            occurs

histogram – a graph in which the horizontal axis is a number line with values grouped in 
                    bins and the vertical axis shows the frequency of the data within each bin.  A
                    histogram is used to display large sets of data by grouping the data into bins 
                    and it shows how data are distributed.

lower and upper extremes – the least and greatest values 
lower quartile – the median of the lower half of the data

measures of central tendency – term applied to the most common averages of mean, 
                                                  median and mode.

outliers – values that are significantly different from the majority of a set of data

range – the difference between the least value and greatest value in a set of data

stem-and-leaf plots - an organization of data into categories based on place value.  A 
                                  stem-and-leaf plot organizes data in order of size, is used to find the 
                                  range, mean, median and the mode of the data, and it shows how the 
                                  data are distributed.

upper quartile – the median of the upper half of the data

(1.4)

dispersion - a measure of the spread of data including the range of the data and the 
                    variation within the set of data

standard deviation – a number that describes the spread within a set of data.  It represents 
                                  the average distance a random piece of data is likely to be located 
                                  from the mean of the data.

(1.5)

frequency polygon – the shape that is formed when the centres of the tops of the bars of a 
                                  histogram are joined by straight lines

normal distribution – a distribution in which the mean, median and mode are the same 
                                   and in the middle; such that the data are distributed symmetrically 
                                   about the middle; and that has a graph that appears as a continuous 
                                   bell-shaped curve

random – when a data value is chosen at random from a set of data values has the same 
                chance of being selected

(1.6) 

extrapolate – make a prediction that is outside the range of given values

interpolate – make a prediction that falls between the given pieces of data

line of best fit – line used in scatter plots to show a trend in data

scatter plot – a graph of plotted ordered pairs that represents the relationship between two   

                      variables

Chapter  2 – Networks and Matrices
(2.1)

complete network – a network is complete if you can enter and exit it from a single 
                                 vertex while travelling each edge only once

edge – the line between the intersections (vertices)

even vertex – a vertex at which an even number of edges meet

network – a set of people, places, objects or ideas that are connected in some way

network graph – consists of a set of points called vertices connected by lines called edges

odd vertex – a vertex at which an odd number of edges meet

vertex – (plural-vertices) the intersection point of two or more lines 

(2.2)

adjacency matrix – a special matrix that organizes information about connections 
                                between adjacent vertices in a network.  Adjacency matrices are 
                                always square.

digraph – a directed graph.  The edges of the graph can be travelled only in the indicated 
                direction.

dimensions – the size of a matrix, described as the number or rows by the number of 
                      columns

element – a number in a matrix

major diagonal – the diagonal of a square matrix that goes from the top left to the bottom 
                            right

matrix – a rectangular array of numbers

(2.3)

product matrix – the matrix obtained when two matrices are multiplied.  In order to 
                            multiply matrices the number of columns in the first matrix must equal 
                            the number of rows in the second matrix.  The product matrix will have 
                            dimensions equal to the number of rows of the first matrix by the 
                            number of columns of the second matrix.

scalar – any single constant, variable, or expression
square matrix – a matrix in which the number of rows equals the number of columns

Chapter  3 – Patterns, Relations, Equations, and Predictions
(3.1)

continuous data – an infinite number of values exist between any two other values in the
                             table of values or on the graph.  Data points are joined.

discrete data – a finite number of data points exist between any two other values.  Data 
                        points are not joined.

domain – the set of all possible values for the independent variable in any relation 

                D = {x1 x>0, x(N} set notation

equation – a mathematical sentence showing that expressions are equal in value.  When 
                  equations are written, letters are used to represent the variables.

face – one side of a cube

modelling – the technique of producing a mathematical description or model that can be 
                    used to solve a practical problem

range – the set of all possible values for the dependent variable in any relation 

             R = {y1 y>0 y(N} set notation

sequence – a set of numbers arranged in order according to a pattern or rule

train – a number of cubes joined in a row

(3.2) 

No existing vocabulary in this section

(3.3)

distributive property – the property of distributing one operation over another without 
                                     changing the value of the expression

identity – an equation that is true for all values of the variables involved

intersection point – the point where the graphs of two equations cross

(3.4)

intercept – the point at which the graph crosses each axis

slope – the steepness of a line (growth rate)

slope y-intercept form – linear equations that are written in the form y = mx + b or
                                       y = b + mx, where m is the slope and b is the y-intercept

undefined – a number divided by zero has no answer; division of a number by zero 

                    is undefined

x-intercept – the point where the graph crosses the x-axis; the point where y = 0

y-intercept – the point where the graph crosses the y-axis; the point where x = 0 (initial 
                     value)

(3.5) 

quadratic – an algebraic expression, equation or relation that is of second degree

(3.6) 

exponential relation – a relation in the form y = ax where a is any positive number

tree diagram – a pictorial way of representing or modelling combinations of things

These are Key Terms from Chapter Three that should be defined

common factoring – the process of expressing a polynomial as a product of its greatest 
                                 common factor and one other factor.  The greatest common factor of 
                                 a polynomial will be the largest number that will divide evenly into 
                                 the numerical coefficients and the lowest power of the common 
                                 variables.

difference of two squares – for any real numbers a and b, a2 – b2 = (a + b)(a - b) since 
                                             both a and b are perfect squares

factoring – the process of expressing a number, term, or polynomial as a product of its 
                  prime factors

factors – the numbers of terms that are divisors of a product. When the factors are   
               multiplied the result is the original product.

linear – an algebraic expression, equation or relation that is of the first degree

verify – to check whether the solution to the equation is a reasonable and correct one. 
             This is done by substituting the answer into the original equation to determine if  

             the solution results in both sides of the equation being equal.

Chapter  4 – Modelling Functional Relationships
(4.1)

broken-line graph – a graph formed by joining data points with line segments

(4.2)

function – a function is a relation for which every value of the independent variable is  

                 paired with one and only one value of the dependent variable.  The statement 
                 that “y is a function of x” means that y is dependent on x.  Therefore, x is the 
                 independent variable and y is the dependent variable.

vertical-line test – a method used to determine if the graph of a relation represents a 
                              function.  This is done by placing a vertical line on the coordinate grid 
                              and sweeping it across the graph.  The vertical line will intersect the 
                              graph of a function at only one point.

(4.3)

mapping notation – a notation that describes how a graph and its image are related

(4.4)

correlation – a way of describing how well a model (graph or equation) fits the data it 
                     represents.  If the fit is very close, there is a strong correlation.  If the fit is 
                     not very close, there is a weak correlation.

correlation coefficients – a number that describes how well a line models the data.  The 
                                         closer to 1 or –1 the coefficient is, the stronger the correlation.  
                                         A correlation that is positive means that as one variable 
                                         increases, the other increases, resulting in a positive slope.  A 
                                         correlation that is negative means that as one variable increases, 
                                         the other decreases, resulting in a negative slope.

summary point – one point that best “represents” all the points in a group of data.  Its
                            x-coordinate is the median of the x-values and its y-coordinate is the 
                            median of the y-values.

(4.5) 

continuous variable – describes a connected set of numbers, such as an interval. For 
                       example, the set of real numbers is continuous. A continuous  

                       variable can take on any value between two specified values, 
                       otherwise, it is called a discrete variable.
discrete variable – a set with elements that are disconnected. For example, the set of  

                  integers is discrete. 
exponential functions – in exponential functions, a fixed base is raised to a variable 
                          exponent. 
extrapolate – extrapolation is an estimation of a value based on extending a known 

          sequence of values or facts beyond the area that is certainly known.

interpolate – interpolation is an estimation of a value within two known values in a 

        sequence of values.

line of best fit – a line of best fit  (or "trend" line) is a straight line that best represents 
              the data on a scatter plot.  
linear regression – the process of finding a linear fit. Any line used to model the pattern 
                  in a set of paired data. Linear regression is a method dealing with a  

                  straight-line relationship between variables.
non-linear regression – nonlinear regression is a general technique to fit a curve through 
                          your data. It fits data to any equation that defines Y as a function   

                          of X and one or more parameters.
power functions – in power functions, a variable base is raised to a fixed 
                  exponent.
regression - a function of a particular form (linear, quadratic, exponential, etc.) that fits a  

 
        set of paired data as closely as possible.
scatter plot – a graph of paired data in which the data values are plotted as (x, y) points
These are Key terms from Chapter Four that should be defined

absolute value – the absolute value of a number is the number without its sign |n| = n, 

               |-n| = n.  If absolute value is related to a number line, then it indicates the 
               measure of the distance between a point and its origin without reference 
               to direction.  Absolute value functions are graphed using y = |x| after the 
               transformations have been applied.

additive inverse – for any real number “a”, there is a unique number “–a” such that  
                              a+(-a)=0

horizontal translation – a transformation that describes the number of units and the  

                                      direction that a curve moves horizontally from the origin

median-median line – a line of fit found by dividing a set of data values into three groups, 
                                    finding the summary points of each group and writing the equation   

                                    that best fits the three points

multiplicative inverse – for any real number a, there is a unique number 1/a such that 

                           a × 1/a = 1

reflection in x-axis – a transformation that vertically flips the graph of a curve in the 
                                  x-axis

regression analysis – the process of determining a model to represent given data so that  

                                  predictions can be made about one variable based on values of 
                                  another variable

vertical stretch – a transformation that describes how the y-values of a curve are stretched   

                            by a scale factor

vertical translation – a transformation that describes the number of units and the direction 
                                  that a curve moves vertically from the origin

Chapter  5 – How Far? How Tall? How Steep? 
(5.1)

adjacent side – the side of the triangle, along with the hypotenuse, that forms the  

                         reference angle of a right triangle

bearing – the angle of direction clockwise from north

congruent – two triangles are congruent if all the angles and all the side lengths of one  

                    triangle match all the angles and all the corresponding side lengths of the 
                    other

dilatation – a transformation which enlarges or reduces a shape but does not change its  

                   proportions

hypotenuse – the longest side of a right triangle

legs – the perpendicular sides of a right triangle 

opposite side – the side directly across from the reference angle of a right triangle

similarity – the result of dilatation.  Two triangles are similar if the angles are the same  

                   measure in both and only the sides of one triangle have all been enlarged or 
                   reduced by the same factor.

vector – an arrow that shows both direction and distances

(5.2)

Pythagorean Theorem – is a theorem from geometry that states that the squares on the  

                                       two legs of a right triangle add to the square on the hypotenuse

Pythagorean triple – are three whole numbers that represent the side lengths of a right
                                 triangle and when squared, the sum of two of the squares equals the 
                                 third square.  The product of the three numbers of a Pythagorean 
                                 triple is divisible by 60.

(5.3)

principle square root – the positive number which, when multiplied by itself, results in  

                                    the original number

radical – the symbol ( which indicates square root

(5.4)

cosine x – a constant value based on the ratio if the length of the side adjacent to angle x  

                 to the hypotenuse in a right triangle

sine x – a constant value based on the ratio of the length of the side opposite to angle x to 

              the hypotenuse in a right triangle

tangent – a line that touches a circle at only one point 

tangent x – a constant value based on the ratio of the length of the side opposite to angle  

                   x to the length of the side adjacent to angle x in a right triangle

trigonometric ratios – constant values based on the ratios of sides for particular angles in  

                                    right-angled triangles

(5.5)

angle of elevation – the angle between the ground and the direction you must look up to 

                                 see an object

Newton – a measure of force

resultant vector – a single vector that goes directly from the starting position to the     

                            ending position, representing the combination of many vectors in  

                            between

Chapter 6 – The Geometry of Packaging
(6.1)

capacity – the amount of space inside a container,  It is usually measured in millilitres 

                 (mL) or litres (L) (1 mL = 1 cm3).

shape – a compound shape consists of two or more objects combined to make a single  

             object

volume – the amount of space an object takes up.  It is measured in cubic units such as  

                cubic centimetres (cm3) or cubic metres (m3)

(6.2)

apothem – the perpendicular distance from the centre of any regular polygon to a side

dodecagon – a 12-sided regular polygon

exterior angle – the angle formed with an adjacent side of a polygon when one side of the  

                          polygon is extended.  There are 12 exterior angles in a hexagon.

hendecagon – an 11-sided regular polygon

heptagon – a seven-sided regular polygon

hexagon – a six-sided regular polygon

interior angle – the angle at each vertex of a polygon.  There are six interior angles in a  

                          hexagon.

line symmetry – the property of a shape where a tracing of it is turned around its centre 

                           and the shapes match at least once before the tracing completes a full 
                           rotation

nonagon – a nine-sided regular polygon

order of rotational symmetry – the number of times shapes match before the tracing 

                                                  completes a full rotation.  An equilateral triangle is an  

                                                  order of rotational symmetry of 3 because if fits 3 ways in 
                                                  one full rotation.

regular polygon – a two-dimensional closed figure with three or more sides.  All sides are 

                             equal and all angles are equal

(6.3)
lateral face – a side face of a prism

lateral surface – the curved surface of a cylinder that unfolds to a rectangle in net form.  

                          Its dimensions are the circumference of the base and the height of the  

                          cylinder.

(6.4)

cube root – a function that can be used to determine the edge length of a cube if the 

                   volume is known.  The symbol 3
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is used to indicate the cube root of x

economy rate – a rate that compares the volume of a container to its surface area.  A high 

                         economy rate (ER) means a container is more economical.  A low ER   

                         means a container is less economical.  ER = V/SA.

rate – a number that compares two quantities with different units

spreadsheet – a useful tool for creating a table of values

(6.5)
scale factor – a number that indicates the ratio of corresponding sides of similar triangles

(6.6)

altitude – a perpendicular segment from a vertex of a triangle to a line that contains the 

                opposite side

angle bisector – a segment that bisects or cuts an angle into two congruent parts

circumcentre – the centre of the circumscribed circle inscribed circle – a circle that 

                         touches each side of the triangle

circumscribed circle – a circle that passes through each vertex of a triangle

coincident – occurring in the same place

incentre – the centre of the inscribed circle

median – a segment drawn from a vertex to the midpoint of the opposite side of a triangle

perpendicular bisector – a line that is perpendicular to and passes through the midpoint of 

            a side of a triangle

These are Key terms from Chapter Six that should be defined
centre of gravity – the point at which a polygon “balances”

index – the number of a radical expression that indicates what root to find.  n
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, n is the 

             root number or index

perfect cube – a number such that its cube root is a whole number 3
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= 3 so 27 is a 

                        perfect cube

perfect square – a number such that its square root is a whole number 
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= 4 so 16 is a 

                          perfect square

pyramid height – the height of a pyramid depends upon its shape. For rectangular 

                            pyramids, the height is the altitude of the triangle.  In many cases, the  

                            altitude is the perpendicular bisector of either an equilateral or isosceles  

                            triangle

radicand – the number under the radical sign of a radical expression.  n
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, x is the 

                 radicand

rigidity – refers to the strength of a container to maintain its shape

slant height – the outer height of a cone from the vertex of the cone to the endpoint of the 

                      diameter on the circular base

Chapter 7 – Linear Programming
(7.1)

constraint – a restriction on the allowable values of a variable in a problem

(7.2)

feasible points – data points that satisfy the constraints given

feasible region – a shaded region on a graph indicating that all points within the region 

                            are possible solutions to the problem

feasible solution – any solution to a problem that is possible within the constraints 

inequality – a mathematical statement that shows that two numerical or variable 

                    expressions are not always equal

(7.3)

graphical solutions – solutions obtained by graphing the feasible region.

intersection point – the point where two graphs cross each other and where both graphs 

                                are equal

objective function – a function that allows you to find the maximum or minimum values 

                                 using given constraints

optimal solution – the solution that best meets the constraints in the problem

system of equations – two or more equations involving the same variable quantities
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