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Standard 1.01 - Create and Solve Problems from Calculator Models
Create and use calculator-generated models of linear, polynomial, exponential, trigonometric, power, and logarithmic functions of bivariate data to solve problems.
a) Interpret the constants, coefficients, and bases in the context of the data.
b) Check models for goodness-of-fit; use the most appropriate model to draw conclusions and make predictions.
Vocabulary/Concepts/Skills:
· 
· Regression
· Residuals/Residual Plot
· Correlation Coefficient for linear data
· R2
· Calculator Limitations with respect to data
· Interpret Constants, Coefficients and Bases
· Select the best model
· Interpolate
· Extrapolate
· Estimate
· Predict


Creating Models in the Calculator for Data
1. Go to STAT-EDIT and type INPUT data in L1, OUTPUT in L2. 
2. Go to STAT-CALC and use LinReg for linear, QuadReg for quadratic, CubicReg for cubic, ExpReg for exponential, PwrReg for power, LnReg for logarithmic, and SinReg for sine functions
Step 3: If r2 is close to 1, the equation is a good fit for the data
Solving Problems From Calculator Models
Interpret what the problem is asking for and what information is given.
Then, use the model/equation to solve. 
If you need to determine which model is most accurate, use the regression equation with r2 closest to 1.
Higher-Level Conceptual Questions (for Discourse)
1. Why would someone create an equation or function model for a set of data?
You can use an equation or function model to extrapolate (determine future expected values) or interpolate (determine unknown values within the range of the data set) values for given inputs or outputs.
2. What are the similarities and differences between the different types of models?
Each model relates to its equation on the graph and has various applications in real-world setting (exact answers for each model will vary: example, linear is a constant rate of change, quadratic has decreasing than increasing or increasing than decreasing values, sine has a cyclical pattern of output values, etc.)
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2.  Students were given a collection of number cubes. The instructions were to roll all of the number cubes, let them land on the floor, and then remove the number cubes showing FIVE. The students were told to repeat this process, each time removing all the Five’s, until there were fewer than 50 number cubes left. The results are shown below.
	Roll
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Number Cubes Remaining
	252
	207
	170
	146
	123
	100
	85
	67
	56
	48



A) Based on the exponential regression model, about how many cubes did the students start with?
	a) 252		b) 283		c) 303		d) 352
B) Assuming the model continues, how many total rolls would leave less than 10 number cubes?
	a) 11		b) 15		c) 17		d) 19

3. A power function passes through the points  and . You will need to derive the power function to answer the following questions.
A) Based on your model, what is the value of the function when ?
a) 8	b) 170.73	c) 231.29	d) 272.72
B) Based on your model, what is x when the value of the function is approximately 1569?
	a) 10	b) 12		c) 14		d) 16








Standard 1.02 - Summarize and Analyze Univariate Data
Summarize and analyze univariate data to solve problems.
a) Apply and compare methods of data collection.
b) Apply statistical principles and methods in sample surveys.
c) Determine measures of central tendency and spread.
d) Recognize, define, and use the normal distribution curve.
e) Interpret graphical displays of univariate data.
f) Compare distributions of univariate data.
Vocabulary/Concepts/Skills:

· Measures of Central Tendency
· Measures of Variance
· Normal Distribution
· Standard Deviation
· Skewed right/Skewed left
· Random Sampling
· Census
· Survey
· Bias
· Population
· Various Graphical Representations
· Univariate Data
· Quantitative Data
· Simulation
· Experiment
· Observation
· Empirical Rule

[image: ]Mean – Statistical average, calculated by adding all the values and dividing by the 
number of values (  on the calculator - STAT-CALC-OneVarStats)
Median – Middle value in a data set, so 50% of values are greater and
50% of values are lower (on the calculator - STAT-CALC-OneVarStats)
Standard Deviation – Measure of how spread out data values are
from the mean in a data set (σx on the calculator - STAT-CALC-OneVarStats)
Normal Curve/Empirical Rule – Relation of data values to the
[image: Image result for skewed data definition]mean based on standard deviation - follows curve at the right (68-95-99.7)
Skewed Data - Data that does not follow a normal distribution,
usually because it is affected by outliers


Study Types:
	Experiment
Study comparing a control group with an experimental group to determine quantitative (statistical) or qualitative effects of a certain treatment or characteristic applied to the experimental group 
	Observation
Study analyzing one group, not in comparison to another, to determine the characteristics of the group by quantitative (statistical) or qualitative means


Higher-Level Conceptual Questions (for Discourse)
1. Why is the mean generally greater than the mode in right-skewed data?
If there is an outlier to the right (a greater number) skewing a data set, the value will bring the total average (mean) higher, but the mode (value that appears the most times) will generally be lower.
2. How do mean, standard deviation, and the normal curve relate?
The mean is the average, and the standard deviation tells us how spread out the data are. Specifically, based on the normal curve, the empirical rule tells us quantitatively what numbers certain percentages of data fall between based on the standard deviation.
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Standard 1.03 - Theoretical and Experimental Probability (27% - 32% of test)
Use theoretical and experimental probability to model and solve problems.
a) Use addition and multiplication principles.
b) Calculate and apply permutations and combinations.
c) Create and use simulations for probability models.
d) Find expected values and determine fairness.
e) Identify and use discrete random variables to solve problems.
f) Apply the Binomial Theorem.
Vocabulary/Concepts/Skills:

· Counting
· Random
· Event
· Success/Failure
· Trial
· Sample Space
· Independent/Dependent
· Compound
· Mutually Exclusive
· Conditional
· Binomial Probability
· Expected Value
· Random Variable
· Fairness
· Simulation
· Combination
· Permutation
· Experimental Probability
· Theoretical Probability
· Discrete
· Continuous

Probability -   , expressed as a decimal, fraction, ratio, or percent
Must be a number between 0 (event does not occur) and 1 (event always occurs)
Probability									
Multiplicity (“and”) – Represents that multiple events MUST occur for the selected event to occur (Rolling two dice, probably of rolling an even number AND a 5)
“Or” – Represents that one of two or more events must occur, but not all (Rolling one die, probability of rolling an even number OR a 5)
“Given” (A│B) - Represents that one event must occur for another to be possible (read “A given B,” B must occur for A to occur)
Expected Value - Multiply number of expected outcomes times probability for each outcome, then 
add the totals
Probability Theorems/Formulas 
Addition Rule: P(A or B) = P(A) + P(B) - P(A and B)
If events are independent, the Addition Rule is simplified to: P(A or B) = P(A) + P(B)
Multiplication Rule: P(A and B) = P(A) • P(B│A), also P(A and B) = P(B) • P(A│B) 
If events are independent, the Multiplication Rule is simplified to: P(A and B) = P(A) • P(B)
Permutations and Combinations
[image: https://i.gyazo.com/96aa6554be5e99f27a8fea21ecb2c298.png]Permutations (nPr) – Selecting r options out of n possibilities, where the order DOES matter (example: selecting a gold, silver, and bronze medal winner out of 10 runners in a race, 10P3). Formula: 

[image: https://i.gyazo.com/55a65191e6a50338303935f40d4f056a.png]Combinations (nCr) – Selecting r options out of n possibilities, where the order DOES NOT matter (example: selecting 4 members to be in a group from a class of 20, 20C4). Formula:
	The number of combinations can also be found using Pascal’s Triangle.
	The nth row, r element coefficient represents the number of combinations nCr.
Binomial Theorem - The probability of achieving exactly k successes in n trials is shown below.
			P(k successes in n trials) = nCk pk qn - k

Where n = # of trials, k = # of desired successes, p = probability of success, q = probability of failure
Binomial combinations can also be found using  binomcdf  or  binompdf in the calculator.
Higher Level Conceptual Questions (For Discourse)
1. Why can probability not be lower than 0, and why can it not be higher than 1?
When probability is 0, there are 0 selected favorable outcomes - this is the least number, because there cannot be a negative number of outcomes. It can’t be higher than 1 because a probability of 1 represents the same number divided by itself - favorable outcomes divided by total outcomes - and you can’t have more favorable outcomes than total outcomes.
2. In the Addition Rule, why do we subtract P(A and B) for dependent events?
P(A and B) represents outcomes that have both characteristics, so they would be counted twice is we didn’t subtract them out.
3. Give a real-world example of the difference between permutations and combinations. Explain.
Permutations - Order matters. Picking a president, VP, secretary, and treasurer out of 10 total candidates
Combinations - Order does NOT matter. Picking 4 class officers (generic title) out of 10 total candidates
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Standard 2.01 - Log Functions
Use logarithmic (common, natural) functions to model and solve problems; justify results.
a) Solve using tables, graphs, and algebraic properties.
b) Interpret the constants, coefficients, and bases in the context of the problem.

Vocabulary/Concepts/Skills:

· Graph/Tables/Algebraic Properties
· Independent/Dependent
· Domain/Range
· Coefficients
· 
· 
· Zeros
· Intercepts
· Asymptotes
· Increasing/decreasing
· Laws of Exponents
· Laws of Logarithms
· Global vs Local Behavior
· Continuous
· Discrete
· Solving Equations with justifications

General Exponential Equations – 		y = abx
a = Initial Value (where x = 0)  	      b = Rate of Change (what is multiplied each time), for percent 1 ± r
x = Independent variable (number of times multiplied)	y = Dependent variable

Compounding Continuously - 	y = Pert
y = Dependent variable			P = Initial Value (where t = 0)	e = the number e

r = percent rate of change (as decimal)		t = Independent Variable (generally time)

Half-Life - 				y = a(½)t/h

y = Dependent variable	a = Initial Value (where t = 0)  t = Independent Variable (generally time)

h = Given Half-Life

Logarithm - A way to express the inverse of an exponent

[image: https://i.gyazo.com/32f6a6cb78b35d30dbe45124a36515dd.png]Graphs of Logarithmic Functions:
						Inverse of  f(x) = abx

						Asymptote at: x = 0 (y-axis)
						
						X-Intercept at: 1

						Domain: x > 0	 or (0, ∞)  Range: All Real # (-∞, ∞)



Converting Logs and Exponents – 

logb a = x → bx = a		  log a = x → 10x = a		 ln a = x → ex = a




Change of Base Formula - 	logb a =   	or   		

Expanding Logs:

Product Property - log (ab) = log a + log b		Quotient Property – log () = log a - log b

Power Property –  log ab =  b log a

Solving Exponential Equations Using Logs (where the variable is an exponent)
	1. Get the base and exponent by itself by inverse operations
	2. Cancel the base with a logarithm (rewrite as a logarithm)
	3. Use change of base formula to get answer
Solving Logarithmic Equations Using Exponents (where the variable is inside a logarithm)
	1. Use properties to combine all logarithms into one expression on one side
	2. Rewrite the logarithm as an exponent
	3. Solve the equation
Higher Level Conceptual Questions (for Discourse)
1. Why does logb 1 = 0 for any base b?
Rewriting the logarithm as an exponent, b0 = 1. Any base b raised to the 0 power equals 1.
2. Why does logb 0 not exist for any base > 0?
Rewriting the logarithm as an exponent, bx = 0 does not exist for any number x. No non-zero number can be raised to a power to equal 0.
3. What is the relationship between graphs of exponential functions and logarithmic functions? Why?
They are reflections over the y=x line, and the points on an exponential graph are switched (x, y) → (y, x) from the points on a logarithmic graph because the functions are inverses.









Sample Problems
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Standard 2.02 - Piecewise Functions
Use piecewise-defined functions to model and solve problems; justify results.
a) Solve using tables, graphs, and algebraic properties.
b) Interpret the constants, coefficients, and bases in the context of the problem.

Vocabulary/Concepts/Skills:


· Graph
· Independent/Dependent
· Domain/Range
· Minimum/Maximum
· Increasing/Decreasing
· Global vs Local Behavior
· Continuous
· Discrete
· Solving Equations with justifications
· Interval notation

Piecewise Function - A function that has different function rules on different domains.
Continuous Function - A function that does not break - you can trace the entire function in a given domain 
without picking your pencil off the paper. To check this with piecewise functions, check the upper and lower bounds 
of each domain to see if they match up.
Graphing Piecewise Functions - When graphing piecewise functions, < or > in the domain is represented by an open
circle, and ≥ or ≤ in the domain is represented by a closed circle. If these points overlap, it can be represented with a
closed circle. The graph will often have different shapes in the different domains.
Higher-Level Conceptual Questions (For Discourse):
1. Explain a real-world situation that could be represented by a piecewise function. Why would your situation have different function rules on different domains?
Income tax rates are a common piecewise function, as people who earn different incomes pay taxes at different rates.

2. How do graphs of piecewise functions compare to graphs you have previously learned throughout high school math?
Graphs of piecewise functions incorporate the graphs we have learned in this and other courses, as they combine different graph rules and shapes into one graph based on the rules for the various domains.
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11. Graph the function.
[image: https://i.gyazo.com/ba7e2367450ef26632809394e2d61e1a.png][image: https://i.gyazo.com/f598391659317f8024a8695648f157f9.png][image: https://gyazo.com/b5e13303d1e5566a4ec21930824658e9.png]







[image: Oper35]12. What function is represented by the graph: 

[image: https://i.gyazo.com/de4f8ff1c3d5efd0c034b2b8e4b92087.png]







Standard 2.03 - Power Functions
Use power functions to model and solve problems; justify results.
a) Solve using tables, graphs, and algebraic properties.
b) Interpret the constants, coefficients, and bases in the context of the problem.
Vocabulary/Concepts/Skills:


· Graph
· Independent/Dependent
· Domain/Range
· Coefficients
· 
· Zeros
· Intercepts
· Asymptotes
· Minimum/Maximum
· Increasing/Decreasing
· Continuous
· Discrete
· Solving Equations with justifications
· End Behavior
Power Function - y = axb + c, where the independent variable is the base of a given exponent
To solve a power function algebraically: isolate the exponential expression (base and exponent) and take
the root with the same index as the exponent on both sides.
To write a power function from data, use the regression feature in the calculator and Stat-Calc-PwrReg
[image: Image result for power function graph]Graphs of Power Functions:
								         What do you notice about the graphs when:
									The exponent is positive?
									Continuous graph; end behaviors the same 
									positive and negative when even, opposite 
									when odd
[image: Image result for power function graph]									The exponent is negative?
									Non-Continuous graph; end behavior 
									approaches 0 in both directions
									The exponent is even?
									Graphs symmetric about y-axis

[image: Image result for power function graph]									The exponent is odd?
									Graphs symmetric about the origin
									The exponent is between 0 and 1?
									Graphs are inverses of the positive
									power functions; Continuous on domain
Higher-Level Conceptual Questions (for Discourse)				
1. What are the similarities and differences between power functions and exponential functions?
								Power - variable is base. Exponential - variable is exponent
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Standard 2.04 - Sin and Cosine Functions
Use trigonometric (sine, cosine) functions to model and solve problems; justify results.
a) Solve using tables, graphs, and algebraic properties.
b) Create and identify transformations with respect to period, amplitude, and vertical / horizontal shifts.
c) Develop and use the law of sines and the law of cosines.
Vocabulary/Concepts/Skills:


· Graph
· Independent/Dependent
· Domain/Range
· Period
· Amplitude
· Phase shift
· Vertical Shift
· Frequency
· Coefficients
· 
· 
· Intercepts
· Law of Sines
· Law of Cosines
· Unit Circle
· Radian/Degree Measure
· Special angles (multiples of  )
· Solving Equations with justifications


Trigonometric Functions: 
		y = a sin (bθ - c) + d				y = a cos (bθ - c) + d

Amplitude - half the vertical height of the function, height from midline to top or bottom, represented by 
Period - x-axis “distance” for a trig function to repeat its pattern. Found by  or 
Phase Shift - Horizontal translation of parent trig function, represented by c
Vertical Shift - Vertical translation of parent trig function, represented by d
Independent Variable (θ) = angle measure		Dependent Variable = sin or cosine ratio
Cycle - Trig functions derive from the unit circle, which assigns trigonometric values to all angles. Because circles never end, the trig functions will repeat their pattern indefinitely as x (the angle measure) increases or decreases.
Trigonometric Ratios in Triangles: 
Sin = 	 Cos =	 Tan = 

Law of Sines - Use to find missing side or missing angle when given at least 2 sides and 1 opposite angle or 
[image: Image result for law of sines]	2 angles and 1 opposite side




Law of Cosines -  Use to find missing side or missing angle when given at least 2 sides and 1 included angle
[image: Image result for law of cosines]	or all 3 side lengths
 



Higher Level Conceptual Questions (for Discourse)
1. How do the phase shift and vertical shift aspects of sin and cos functions compare to other functions?
The rules for the translations are very similar, as the c inside the parentheses represents the horizontal phase shift and the d outside the parentheses represents the vertical phase shift. Sometimes, a horizontal phase shift will map the function onto itself, which does not occur with other functions.
2. Why do we divide 360 or 2Π divided by b to find the period of the function? How do they relate to the period?
The pattern of sin and cos functions repeat, just as the unit circle, every 3600 or 2Π rad. When the independent variable angle is multiplied by a coefficient, it must be divided to determine how often the pattern will repeat.
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[image: https://i.gyazo.com/da20ebe8992233cbfe1b629ee37e8755.png]
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Standard 2.05 - Recursively Defined Functions (Sequences and Series)
Use recursively-defined functions to model and solve problems.
a) Find the sum of a finite sequence.
b) Find the sum of an infinite sequence.
c) Determine whether a given series converges or diverges.
d) Translate between recursive and explicit representations.

Vocabulary/Concepts/Skills:

· Arithmetic Sequence
· Geometric Sequence
· Geometric Series
· Subscript Notation
· Summation Notation
· Converge/Diverge
· Limit
· Translate between Recursive and Explicit Representations

Arithmetic Sequence – Sequence in which the same value is added to get the next value
Common Difference (d) – The number added in an arithmetic sequence. If the sequence 
increases, d is positive. If the sequence decreases, d is negative.
Geometric Sequence – Sequence in which the same value is multiplied to get the next value
Common Ratio (r) – The number multiplied in a geometric sequence. If the sequence increases, 
r is greater than 1. If the sequence decreases, r is between 0 and 1. If r is negative, the
[image: https://i.gyazo.com/bf925488064d0a767b92568bed650c61.png][image: https://i.gyazo.com/3b8192ec4b71129b6bda2e7a9e3cacb4.png]sequence alternates between positive and negative numbers.





Covergent Series – When the values in a series approach a number as the series adds more 
terms. Geometric Sequences with 0 < r < 1 are convergent series.
Divergent Series – When the values in a series continue to increase or decrease 
without bound as the series adds more terms. All arithmetic sequences are divergent, as well as 
	geometric sequences with  r > 1
Recursive Sequence – Sequence written so that each term is related to the previous term and either r or d.
	Example: a1 = 6, an = an-1 + 10	6, 16, 26, 36, …
Explicit Sequence – Sequence written so that each term is related to the first term and either r or d.
	Example: an = 3(2)n-1		3, 6, 12, 24, …

Sigma Notation:  
Σ = sigma, summation symbol 			n = number of first term 
x = number of final term				Formula = the explicit formula the number of each term is substituted into
Sums of sequences and series 

Sum of finite geometric series:  

Sum of infinite geometric series (0 < r < 1): 

Sum of arithmetic sequence: 
Higher Level Conceptual Questions (for Discourse)
1. Why do geometric series with 0 < r < 1 converge, while geometric series with r > 1 diverge? And why do arithmetic series never converge?
Geometric series with 0 < r < 1 converge because as the number is multiplied by a fraction or decimal less than 1, the base/exponent term will continually approach 0 as it decreases. 

2. What functions do arithmetic and geometric sequences remind you of? Why?
Answers could vary, but hopefully arithmetic sequences remind you of linear functions and geometric sequences remind you of exponential functions.
















Sample Problems
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A spinner labeled 1 to 9 gives each of the numbers 2, 5, 7, and 9 a % chance of
being landed upon. The chance of landing on each of the other five numbers is

equal. If the spinner is spun 1,000 times, which choice is the most likely outcome
for the 1,000 spins?
A

Number on 1 2 3 4 5 6 7 8 9
Spinner

Number of | 110 | 112 | 111 | 111 | 109 | 112 | 112 | 111 | 112
Occurrences

Numberon | 1 2 3 4 5 6 7 8 9
Spinner

Numberof | 82 | 148 | 78 | 80 | 149 | 79 | 151 | 81 | 152
Occurrences

C

Numberon | 1 2 3 4 5 6 7 8 9
Spinner

Number of | 120 | 122 | 100 | 103 | 108 | 126 | 113 | 104 | 104
Occurrences

D

Numberon | 1 | 2 | 3 | 4 | 5 |6 | 7 |8/ 59
Spinner

Number of | 121 | 100 | 119 | 120 | 102 | 120 | 98 | 121 | 99
Occurrences
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A manufacturing plant produces a special kind of lightbulb.

.

Each lightbulb produced has a 0.040 probability of being defective.
Five lightbulbs are chosen at random from the production line.

To the nearest thousandth, what is the probability that exactly two of the
five bulbs will be defective?
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The angle of elevation to the top of a particular skyscraper in New York is found to be 12° from the ground at
a distance of 1.3 mi from the base of the building. Using this information, find the height of the skyscraper.

a. 1560 ft

b. 2018 ft

c. 1459 ft

An airplane is flying at an clevation of 5,300 ft, dircctly above a straight highway. Two motorists are driving
cars on the highway on opposite sides of the plane, and the angle of depression to one car is 31° and to the
other is 53°. How far apart arc the cars?

a. 9654 ft

b, 4827 ft

c. 12815t
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