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High School (Grades 9 and 10) 
 

Every student should understand and use all concepts and skills from the previous grade levels. The standard is designed so that new 
learning builds on preceding skills. Communication, Problem-solving, Reasoning & Proof, Connections, and Representation are the process 
standards that are embedded throughout the teaching and learning of all mathematical strands. 
 
Strand 1: Number and Operations 
Number sense is the understanding of numbers and how they relate to each other and how they are used in specific context or real-world 
application. It includes an awareness of the different ways in which numbers are used, such as counting, measuring, labeling, and locating. It 
includes an awareness of the different types of numbers such as, whole numbers, integers, fractions, and decimals and the relationships 
between them and when each is most useful. Number sense includes an understanding of the size of numbers, so that students should be 
able to recognize that the volume of their room is closer to 1,000 than 10,000 cubic feet. Students develop a sense of what numbers are, 
i.e., to use numbers and number relationships to acquire basic facts, to solve a wide variety of real-world problems, and to estimate to 
determine the reasonableness of results.  
 
Concept 1: Number Sense 
 
Understand and apply numbers, ways of representing numbers, and the relationships among numbers and different number systems. 
 
In Grades 9 and 10, students apply the skills they have learned about the real number system to subsets of the real number system for 
problem solving. By extending number systems to solve problems, students lay a foundation for problem solving with complex numbers in 
the College Work Readiness Standard. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 1.  Justify with examples the relation 
between the number system being used 
(natural numbers, whole numbers, 
integers, rational numbers and irrational 
numbers) and the question of whether or 
not an equation has a solution in that 
number system. 

MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 
 
 

A justification includes presenting the reason or cause an 
equation begins with values from one subset of the real 
number system, but whose solution is from a different subset 
of the real number system. 
 
 
 
Continued on next page 
 

 
 



Arizona Mathematics Standard Articulated by Grade Level 
 

The bulleted items within a performance objective indicate the specific content to be taught.  
Explanations and Examples Updated 1.19.09                                                                                                                                                            Grades 9 and 10 

Arizona Department of Education: Standards and Assessment Division 2             Approved 6.24.08
 

Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
Example: 
• In finding the diagonal of a square whose perimeter is 24 

a student explains that while the original problem 
contains natural numbers (6 and 24), the use of the 
Pythagorean theorem dictates the square root of a 
natural number (72) is calculated, causing the solution to 
the equation to be an irrational number ( 26 ).  

PO 2.  Sort sets of numbers as finite or 
infinite, and justify the sort. 

MHS-S5C2-08.  Use inductive reasoning 
to make conjectures, use deductive 
reasoning to analyze and prove a valid 
conjecture, and develop a 
counterexample to refute an invalid 
conjecture. 

Example: 
• The set of integers between 1 and 12 is finite whereas 

the set of rational numbers between 1 and 12 is 
infinite. 

PO 3.  Express that the distance between 
two numbers is the absolute value of their 
difference. 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 

Example: 
• The distance between 2− and is 7

9972 =−=−−  or 99)2(7 ==−−  
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Strand 1: Number and Operations 
Concept 2: Numerical Operations 
 
Understand and apply numerical operations and their relationship to one another. 
 
In Grades 9 and 10, students build on their understanding of rational numbers. Students apply that understanding to solve problems through 
operations with powers and roots of real numbers. Students use their understanding of operations with roots of real numbers and extend that 
understanding to operations with complex numbers in grades 11 and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 1.  Solve word problems involving 
absolute value, powers, roots, and 
scientific notation. 
 
Connections:  MHS-S4C3-06, MHS-
S4C3-07, MHS-S4C3-08 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Example: 
• Determine the difference in altitude between Death 

Valley (86 m below sea level) and the summit of Mount 
St. Helens (2,549 m above sea level).  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 2.  Summarize the properties of and 
connections between real number 
operations; justify manipulations of 
expressions using the properties of real 
number operations. 
 

MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  
 
MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-09.  State the inverse, 
converse, and contrapositive of a given 
statement and state the relationship 
between the truth value of these 
statements and the original statement. 
 
MHS-S5C2-10.  List related if… then 
statements in logical order. 

Students are not expected to use the closure property. 
 
Examples: 

• Solve the equation and justify each step with a 
property.       -8x + 2x2 + 10x – 62 = 22   

o 2x2 – 8x + 10x – 62 = 22   commutative 
property 

o 2(x2 – 4x + 5x – 31) = 22  distributive property 

o 2(x2 + x – 31) = 22  distributive property 

o x2 + x – 31 = 11  inverse property 

o x2 + x – 31 – 11 = 0  inverse property 

o x2 + x – 42 = 0 property of addition 

o (x + 7) (x – 6) = 0  distributive property 

o x + 7 = 0 or  x – 6 = 0 zero property 

o x = -7 or x = 6  inverse property 
 

• Simplify the expression below and justify each step. 

                     

1 3
2 4
2 1
3 6

+

+
 

 
PO 3.  Calculate powers and roots of 
rational and irrational numbers. 

 Calculations do not include roots greater than cube roots. 

PO 4.  Compute using scientific notation.  Computations include multiplication and division only. 
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Strand 1:  Number and Operations 
Concept 3:  Estimation 

Use estimation strategies reasonably and fluently while integrating content from each of the other strands. 
 
In Grades 9 and 10, students apply estimation skills mastered in the middle grades to effectively solve problems with less common rational 
numbers. Students analyze problems in context to determine when it is more appropriate to use estimates and approximations in order to 
extend that analysis to recognize the limitations of estimations in grades 11 and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 1.  Determine rational approximations 
of irrational numbers. 

 Problems include only square and cube roots, and 
approximations must be made to the nearest tenth. 

PO 2.  Use estimation to determine the 
reasonableness of a solution. 

MHS-S5C2-03.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 

 

PO 3.  Determine when an estimate is 
more appropriate than an exact answer. 

MHS-S5C2-03.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 

Example: 
• Determining price of gas by estimating to the nearest 

cent is more appropriate because you will not pay in 

fractions of a cent but gas costs 
3.479
gallon

in dollars. 

PO 4.  Estimate the location of the 
rational or irrational numbers on a number 
line. 
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Strand 2: Data Analysis, Probability, and Discrete Mathematics 
This strand requires students to use data collection, data analysis, statistics, probability, systematic listing and counting, and the study of 
graphs. This prepares students for the study of discrete functions as well as to make valid inferences, decisions, and arguments.  Discrete 
mathematics is a branch of mathematics that is widely used in business and industry. Combinatorics is the mathematics of systematic 
counting. Vertex-edge graphs are used to model and solve problems involving paths, networks, and relationships among a finite number of 
objects. 
 
Concept 1: Data Analysis (Statistics) 
 
Understand and apply data collection, organization, and representation to analyze and sort data. 
 
In Grades 9 and 10, students build on their understanding of data collection and measures of center from the middle grades to effectively 
represent, analyze, interpret, and make inferences from multiple data sets using multiple summary statistics. In grades 11 and 12 students 
draw from this deeper analysis to compare and investigate statistical design and more advanced statistical measures. 
 

Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 1.  Draw inferences about data sets 
from lists, tables, matrices, and plots.  
 
Connections:  SCHS-S1C4-02 
 

MHS-S5C2-06.  Synthesize mathematical 
information from multiple sources to draw 
a conclusion, make inferences based on 
mathematical information, evaluate the 
conclusions of others, analyze a 
mathematical argument, and recognize 
flaws or gaps in reasoning. 
 

Example: 
• Garlic is sorted by size of cloves and by quality 

(consumer grade, restaurant grade, and manufacture 
grade). The matrix below represents the inventory of 
garlic harvested by Company A in one month. The 
volume of garlic purchased annually by the restaurant 
industry is 7,884 cloves. Does Company A need to 
change their planting practices to meet the demand of 
the restaurant industry? 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 2.  Organize collected data into an 
appropriate graphical representation with 
or without technology. 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 

Graphical representations include but are not limited to 
matrices, line graphs, circle graphs, histograms, multi-line 
graphs, scatterplots, multi-bar graphs, Venn diagram, and 
arrays. 

PO 3.  Display data, including paired data, 
as lists, tables, matrices, and plots with or 
without technology; make predictions and 
observations about patterns or departures 
from patterns.   

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
 

Observations of pattern include approximating a line of best-fit 
and interpreting the correlation in terms of slope. 
 
Example: 

• Company A manufactures rebar used in concrete 
foundation construction. The tolerance limit for the 
diameter of each rebar is 2.1cm to 2.4 cm. The data 
below depicts the number of rebar manufactured at 
each size in one month. Make a bar graph to display 
the data and make a prediction about what percentage 
of rebar will need to be discarded over the next two 
years. 

 
Data: (diameter of rebar in cm, amount manufactured)  
{(2.00, 225), (2.05, 375), (2.10, 525), (2.15, 550), 
(2.20, 675), (2.25, 600), (2.30, 575), (2.35, 625), (2.40, 
475), (2.45, 375)} 

 
 
 
 
Continued on next page  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
 

Solution:  
 

 
 

19.5% of the rebar will be discarded for falling outside 
of the tolerance limits. 
 

PO 4.  Make inferences by comparing 
data sets using one or more summary 
statistics. 
 
Connections:  SCHS-S1C3-06 
 

MHS-S5C2-06.  Synthesize mathematical 
information from multiple sources to draw 
a conclusion, make inferences based on 
mathematical information, evaluate the 
conclusions of others, analyze a 
mathematical argument, and recognize 
flaws or gaps in reasoning. 
 

Summary statistics include extreme values, mean, median, 
mode, range, quartiles, and interquartile range. 
 
Example: 

• The two data sets below depict the housing prices sold 
in the King River area and Toby Ranch areas of Pinal 
County, Arizona. Based on the prices below which 
price range can be expected for a home purchased in 
Toby Ranch? In the King River area? In Pinal County?   
o King River area {1.2 million, 242000, 265500,   

140000, 281000, 265000, 211000} 
o Toby Ranch homes {5million, 154000, 250000, 

250000, 200000, 160000, 190000} 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 5.  Determine which measure of 
center is most appropriate in a given 
situation and explain why. 
 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 

Measures of center include mean, median, and mode. 
 
Example: 

• The two data sets below depict the housing prices sold 
in the King River area and Toby Ranch areas of 
Arizona. Based on the prices below which measure of 
center will provide the most accurate estimation of 
housing prices in Arizona and explain why?                  
o King River area {1.2 million, 242000, 265500,   

140000, 281000, 265000, 211000} 
o Toby Ranch homes {5million, 154000, 250000, 

250000, 200000, 160000, 190000} 
 

PO 6.  Evaluate the reasonableness of 
conclusions drawn from data analysis.   
 
Connections:  SCHS-S1C3-02 

MHS-S5C2-03.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 

Example: 
• A reporter used the two data sets below to calculate 

the mean housing price in Arizona as $629,000. Why 
is this calculation not representative of the typical 
housing price in Arizona? 
o King River area {1.2 million, 242000, 265500,   

140000, 281000, 265000, 211000} 
o Toby Ranch homes {5million, 154000, 250000, 

250000, 200000, 160000, 190000}
PO 7.  Identify misrepresentations and 
distortions in displays of data and explain 
why they are misrepresentations or 
distortions. 

MHS-S5C2-06.   Synthesize 
mathematical information from multiple 
sources to draw a conclusion, make 
inferences based on mathematical 
information, evaluate the conclusions of 
others, analyze a mathematical argument, 
and recognize flaws or gaps in reasoning. 

Explanations can include but are not limited to sample size, 
biased survey sample, interval scale, unlabeled scale, uneven 
scale, and outliers that distort the line-of-best-fit. In a 
pictogram the symbol scale used can also be a source of 
distortion. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:    
PO 8.  Design simple experiments or 
investigations and collect data to answer 
questions. 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

The experimental design should consider sample size and 
sample space, bias, and the purpose of the investigation. 
 
Example: 

• Collect height, shoe-size, and wrist circumference data 
for each student. Determine the best way to display 
the data. Answer the following questions: Is there a 
correlation between any two of the three indicators? Is 
there a correlation between all three indicators? What 
patterns and trends are apparent in the data? What 
inferences can be made from the data? 
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Strand 2: Data Analysis, Probability, and Discrete Mathematics 
Concept 2: Probability 
 
Understand and apply the basic concepts of probability. 
 
In Grades 9 and 10, students apply the law of large numbers to their knowledge of theoretical and experimental probability. Students 
investigate probability of independent and dependent events, and apply concepts area to determine the geometric probability of a simulation.  
Students deepen their understanding of probability and experimentation in order to prepare for advanced problem solving with estimations 
and exact calculations for probability with independent and dependent events; and univariate and bivariate data in grades 11 and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Make predictions and solve 
problems based on theoretical probability 
models. 
 
Connections: MHS-S2C3-01 

MHS-S5C2-08.  Use inductive reasoning 
to make conjectures, use deductive 
reasoning to analyze and prove a valid 
conjecture, and develop a 
counterexample to refute an invalid 
conjecture. 

Theoretical probability models refer to representations 
including but not limited to pictures, fractions, percents, 
decimals, tables, tree diagrams, and manipulatives. 
 
Questions of probability can be viewed as the ratio of two 
counting questions (that is, the number of favorable  
outcomes / the total number of possibilities). 

PO 2.  Determine the theoretical 
probability of events, estimate 
probabilities using experiments, and 
compare the two. 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 

Compare data from repetitions of the same experiment as part 
of the comparison done.  
 
Experiments are simulations including but are not limited to: 
flipping coins, spinning spinners, playoff eliminations, item 
selection, and rolling a number cube. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 3.  Use simulations to model 
situations involving independent and 
dependent events.  
  

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 

Example:  
• A bag of colored marbles is held by the teacher. The 

teacher drew a blue marble and handed it to a student 
in the first row. The teacher then drew a red marble 
and gave it to a student in the second row. What was 
the theoretical probability of the simulation? Model this 
probability using two different representations. (see 
representations in MHS-S2C2-01) 

PO 4.  Explain and use the law of large 
numbers (that experimental results tend 
to approach theoretical probabilities after 
a large number of trials). 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 

The law of large numbers states that as the sample size 
increases, the experimental probability will approach the 
theoretical probability. 
 
Example:  

• Have multiple groups flip coins. One group flips a coin 
5 times, one group flips a coin 20 times, and one 
group flips a coin 100 times. Which group’s results will 
most likely approach the theoretical probability? 

PO 5.  Use concepts and formulas of area 
to calculate geometric probabilities.  
 
Connections:  MHS-S4C1-01, MHS-
S4C4-02, MHS-S4C4-03, MHS-S4C4-04, 
MHS-S4C4-05 
 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
 
MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  

Example:  
• If you choose a point in the square, what is the 

probability that it is not in the circle?  
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Strand 2: Data Analysis, Probability, and Discrete Mathematics 
Concept 3: Systematic Listing and Counting 
 
Understand and demonstrate the systematic listing and counting of possible outcomes. 
 
In Grades 9 and 10, students use the counting techniques learned in the middle grades to calculate and solve problems related to 
combinations and permutations. Students represent problems and solutions using algebraic symbols in order to lay a foundation for work 
with Pascal’s Triangle and the binomial theorem in College Work Readiness. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Apply the addition and 
multiplication principles of counting, 
representing these principles algebraically 
using factorial notation. 
 
Connections: MHS-S2C2-01, MHS-S5C1-
01, MHS-S5C1-02 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

High school students should be able to solve a variety of 
counting problems using both visual and numerical 
representations that extend their Grade 8 experiences. They 
should have had varied counting experiences that, over time, 
have helped to build these understandings and are now able 
to analyze and solve counting problems directly through 
numerical methods. They are able to make the connection that 
questions of probability can simply be viewed as the ratio of 
two counting questions (that is, the number of favorable 
outcomes / the total number of possibilities). 
 
Examples: 

• What is the number of letter arrangements in the word 
GRADE?       Solution: 5! 

 
• An art show has 7 entries. The top three places will be 

awarded ribbons. In how many different ways can you 

award the ribbons?    Solution: 
7!

(4!3!)
⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
 

Continued on next page 
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Performance Objectives 
 

Process Integration 
 

x anE pl ations and Examples 

Students are expected to:   
• The class of 18 students will be arranged in groups of 

3. How many different groups can be made?   

Solution: 
18!

(15!3!)
⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
• How many numbers can be made from the digits 1, 2, 

3, 4, if you are not allowed to repeat a digit? 
PO 2.  Apply appropriate means of 
computing the number of possible 
arrangements of items using permutations 
where order matters, and combinations 
where order does not matter. 
 
Connections:  MHS-S5C1-01, MHS-
S5C1-02 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Examples: 
• A bookstore will display seven books on sale along a 

special shelf in the store’s front window.  How many 
different ways can these books be arranged on this 
shelf?    Solution: 7! 

 

• A school chorus is going on tour. In how many ways 
can the chorus teacher arrange the 20 members into 
hotel rooms containing four people? 

PO 3.  Determine the number of possible 
outcomes of an event. 
 
Connections: MHS-S2C1-02, MHS-S2C4-
01, MHS-S5C1-02 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Examples: 
• What is the number of games played in a double 

elimination tournament with 16 teams (e.g., the 
College World Series Baseball Tournament)? 
Note: A double-elimination tournament is a contest in 
which a team or player is no longer eligible to win the 
championship after having lost two games or 
matches. The number of competitors is typically a 
power of two to insure there is an even number of 
competitors in each round. A double-elimination 
tournament is broken into two brackets, a winners’ 
bracket and a losers’ bracket. After the first round, the 
winners move into the winners’ bracket and the losers 
move into the losers’ bracket. The losers in the losers’ 
bracket drop out of the competition. The losers of the 
winners’ bracket drop down into the losers bracket. 
 

Continued on next page  
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Performance Objectives 
 

Process Integration 
 

x anE pl ations and Examples 

Students are expected to:   
• A game begins by rolling a six-sided number cube, 

flipping a coin, or spinning a fair three-part spinner. A 
player gets to choose his or her first move by picking 
one of these items. The next move depends upon the 
result of the first move. If the six-sided number cube 
shows an even number, then flip a coin; if it shows an 
odd number, roll a numbered four-sided game piece. If 
the coin shows a “head”, flip the coin again; otherwise 
roll a numbered four-sided game piece. If the spinner 
was selected, flip a coin.   
o Represent the total possible outcomes of this 

game using a tree diagram. 
o How many total possible outcomes are there for 

this game? 
o Write a numerical representation (i.e., an 

equation) that could calculate these outcomes. 
o If you win the game by getting a “head” as the 

final result, what item would you select on your 
first move? Explain your answer. 

 
 
 
 
 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
Solutions:  

 
 

o There are 30 possible outcomes for this game. 
o One way to numerically represent the tree 

diagram is to add the total possible outcomes 
from each of the three first moves together.  For 
example, 18 + 6 + 6 = 30 

o Students identify each of the branches that meet 
the “win” criteria, and then look at the probability 
of the win happening within the choice of the item.  
 
 

Continued on next page 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
Selecting the six-sided number cube for the first 
move results in three branches that have a “head” 
as the final result. The probability of winning with 
this move is 3 out of 18 or 3/18 or 1/6. 
 
Selecting the coin for the first move results in one 
branch that has a “head” as the final result. The 
probability of winning with this move is 1 out of 6 
or 1/6. 

 
Selecting the spinner for the first move results in 
three branches that have a “head” as the final 
result. The probability of winning with this move is 
3 out of 6 or 3/6 or 1/2. 
 
Players of this game should choose the spinner 
as their first move, since they will have a greater 
chance (50%) of winning the game. 

 
• The following problem is a challenging problem that 

works well when students collaborate in groups: A fair 
spinner numbered 1-8 is spun. If the arrow lands on 
numbers 1-4 roll a number cube. If the arrow lands on 
numbers 5-8 spin again. If the number cubes show 
even numbers then flip a coin, but if odd numbers 
show then roll the cube again. The second spin that 
lands on an even number must flip a coin, but a 
second spin that lands on an odd number must roll a 
number cube. Represent the outcomes using a tree 
diagram, write the numerical representation of the 
outcomes, and determine the total number of possible 
outcomes for the simulation. 
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Strand 2: Data Analysis, Probability, and Discrete Mathematics 
Concept 4: Vertex-Edge Graphs 
 
Understand and apply vertex-edge graphs. 
 
In Grades 9 and 10, students apply their understanding from grades 7 and 8 of Euler/Hamilton paths, directed graphs, and algorithmic 
reasoning to model and solve network problems. The understanding of networks students gain in grades 9 and 10 extends to problem 
solving using circuits, shortest paths, minimum weight spanning trees, and adjacency matrices in grades 11 and 12. 
  
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Solve network problems using 
graphs and matrices. 
 
Connections:  MHS-S2C1-01, MHS-
S2C1-03, MHS-S2C3-03, MHS-S3C3-15, 
MHS-S4C3-01, MHS-S4C3-03 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Problems can be solved with either a graph or a matrix, but it 
is not necessary to use both skills to solve a given problem. 
 
A matrix can be used to represent information found in a 
directed graph and then manipulated to discover more about 
the situation. By grade 8, students learn about round-robin 
tournaments and how to represent them using vertex-edge 
graphs. They analyze game results, find Hamilton paths, and 
discuss implications for ranking the players in the tournament. 
In grades 9 and 10, students can expand their initial methods 
of analysis to now include a matrix method to rank the players 
in the tournament. 
 
Grade 8 Example:   
 

• Four players (Dom, Nate, Ryan, & Zach) are playing 
in a round-robin tennis tournament, where every 
player plays every other player.   

Dom beats Nate and Ryan, 
Nate beats Zach,  
Ryan beats Nate and Zach, and  
Zach beats Dom. 

 

o Represent this round-robin tournament using a 
directed graph. 

 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

xplan ioE at ns and Examples 

Students are expected to:   
o Find all Hamilton paths in this graph. 
o “A winner” can be defined as the first player in a 

Hamilton path.  How many possible tournament 
“winners” are in this example? 

o What conclusions can you draw from this 
example? 

 
Grades 9-10 Example: 

• Below is a vertex-edge graph that represents six 
games played during a tennis tournament.  Use a 
matrix method to analyze and interpret results from 
each game to rank the players. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

o Represent this round-robin tournament using a 
matrix. An entry of “1” in your matrix should 
indicate a win, and a “0” entry should represent a 
loss. Read the matrices from row to column         
(i.e., from side to top).  

 
 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

xplan ioE at ns and Examples 

Students are expected to:   
o What symbol should be placed along the main 

diagonal of the matrix? Explain why. What game 
does the main diagonal of the matrix represent 
during the tournament? 

o Compute the row sums for each matrix. What can 
you conclude from this information regarding the 
ranking of these players? 

o If ties exist, compute the square of the matrix 
using a graphing calculator. Interpret the results. 

o Who would you rank as the tournament winner? 
Explain. 

 
Solutions: 

• Tournament Matrix 
 
  Dom  Nate        Ryan Zach 
Dom  X  1       1              0 
Nate  0  X       0              1 
Ryan  0  1       X              1 
Zach                  1  0       0              X 
 

o Answers will vary. Students will need to choose a 
different symbol that is not “0” or “1” because the 
main diagonal shows the match where each 
player plays himself. This obviously does not 
happen during any tennis tournament. In the 
tournament matrix above, am “X” was chosen as 
the different symbol. 

o The row sums show the number of matches each 
player has won during the tournament. 

  Dom row sum = 2 
  Nate row sum = 1 
  Ryan row sum = 2 
  Zach row sum = 1 
 

Continued on next page 
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Performance Objectives 
 

Process Integration 
 

xplan ioE at ns and Examples 

Students are expected to:   
o These sums indicate ties between: a) Dom and 

Ryan and b) Nate and Zach. To resolve these 
ties, students compute the square of the matrix, 
replacing the X with a 0 prior to squaring the 
matrix. 
 

o Each entry in the squared matrix represents the 
paths of length 2 between vertices in the directed 
graph, which is the number of “two-stage wins.” 
   

                          Dom  Nate        Ryan          Zach 
Dom  0  1        0              2 
Nate  1  0        0              0 
Ryan  1  0        0              1 
Zach                  0  1        1              0 
 
The row sums of the squared matrix show the number of “two-
stage wins” for each player: 

  Dom row sum = 3 
  Nate row sum = 1 
  Ryan row sum = 2 
  Zach row sum = 2 
 

o Since there was a tie between Dom and Ryan for 
first place (they each beat two other players), we 
look at the number of two-stage wins for these 
players in the squared matrix and analyze the 
results. Dom has three, two-stage wins (1. Dom 
beat Ryan, who beat Zach; 2. Dom beat Ryan, 
who beat Nate; and 3. Dom beat Nate, who beat 
Zach) and Ryan has two, two-stage wins.  
Therefore, we may conclude that Dom won the 
tournament. 
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Strand 3: Patterns, Algebra, and Functions 
Concept 1: Patterns 

Identify patterns and apply pattern recognition to reason mathematically while integrating content from each of the other strands. 
 
In Grades 9 and 10, students recognize sequences as arithmetic or geometric and use their algebraic skills to model, represent, and extend 
sequences. The representation and modeling of sequences will lead students to use their skills to solve problems in context in grades 11 
and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Recognize, describe, and analyze 
sequences using tables, graphs, words, 
or symbols; use sequences in modeling. 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 

Example: 
• The top row is the sequence. The middle row is the 

difference between the terms of the first row. The third 
row is the difference between the terms of the second 
row. Describe the pattern for the sequence, model the 
sequence with a different representation, and describe 
and model the rule for the sequence. Justify your 
reasoning. 
 

2 3 6 11 18 27 38 51 
 1 3 5 7 9 11 13 

     2 2 2 2 2 2 
PO 2.  Determine a specific term of a 
sequence. 

 Examples:  
• Given the formula An= 2n - 1, find the 17th term of the 

sequence. 
• What is the 9th term in the sequence 3, 5, 7, 9, …? 

PO 3.  Create sequences using explicit 
and recursive formulas involving both 
subscripts and function notation. 
 
Connections:  MHS-S3C4-03, MHS-
S5C1-01, MHS-S5C1-02 

MHS-S5C2-06.  Synthesize mathematical 
information from multiple sources to draw 
a conclusion, make inferences based on 
mathematical information, evaluate the 
conclusions of others, analyze a 
mathematical argument, and recognize 
flaws or gaps in reasoning. 

Sequences include iterative (explicit) and recursive 
sequences. 
 

Examples: 
• Generate the 5th-11th terms of a sequence if A1= 2 and 

1)( 2 −= AA  )1( + nn

• Use the formula: An= A1 + d(n - 1) where d is the 
common difference to generate a sequence whose 
first three terms are: -7, -4, and -1. 
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Strand 3: Patterns, Algebra, and Functions 
Patterns occur everywhere in nature. Algebraic methods are used to explore, model and describe patterns, relationships, and functions 
involving numbers, shapes, iteration, recursion, and graphs within a variety of real-world problem solving situations. Iteration and recursion 
are used to model sequential, step-by-step change. Algebra emphasizes relationships among quantities, including functions, ways of 
representing mathematical relationships, and the analysis of change.  
 
Concept 2: Functions and Relationships 
 
Describe and model functions and their relationships. 
 
In Grades 9 and 10, students deepen their understanding of functions, both linear and quadratic, and they learn the practical and 
mathematical limitations of modeling functions. In grades 9 and 10 linear and quadratic functions begin students’ formal instruction to the 
library of functions, while in grades 11 and 12 students investigate many other functions. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Sketch and interpret a graph that 
models a given context, make 
connections between the graph and the 
context, and solve maximum and 
minimum problems using the graph.  
 
Connections:  MHS-S4C3-05, MHS-
S4C3-06, MHS-S4C3-07, MHS-S4C3-08, 
SSHS-S1C1-04, SSHS-S2C1-04 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
 
MHS-S5C2-03.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Example:  
• A rocket is launched from 180 feet above the ground 

at time t = 0. The equation that models this situation is 
given by h = – 16t2 + 96t + 180, where t is measured in 
seconds and h is height above the ground measured 
in feet. 

o What is a reasonable domain restriction for t 
in this context? 

o Determine the height of the rocket two 
seconds after it was launched. 

o Determine the maximum height obtained by 
the rocket. 

o Determine the time when the rocket is 100 
feet above the ground. 

o Determine the time at which the rocket hits 
the ground. 

o How would you refine your answer to the first 
question based on your response to the 
second and fifth questions? 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 2.  Determine if a relationship 
represented by an equation, graph, table, 
description, or set of ordered pairs is a 
function. 
 
Connections: MHS-S3C3-03 

MHS-S5C2-06.   Synthesize 
mathematical information from multiple 
sources to draw a conclusion, make 
inferences based on mathematical 
information, evaluate the conclusions of 
others, analyze a mathematical argument, 
and recognize flaws or gaps in reasoning.
 

 

PO 3.  Use function notation; evaluate a 
function at a specified value in its 
domain.  
 
Connections: MHS-S3C3-03, MHS-S3C3-
04, MHS-S3C3-07 

 Examples: 
• Use function notation to express the following: 

{ ,0124: 2 =−+ xxx }Rx∈  
 

• Evaluate the following:  
124)( 2 −+= xxxfIf , find  

 
).2(f

PO 4.  Use equations, graphs, tables, 
descriptions, or sets of ordered pairs to 
express a relationship between two 
variables. 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 

Represent a problem graphically, algebraically, in a table, and 
with a written description (Rule of Four). 
  
Example:  

• The following table represents the temperatures of 
cities A and B during two weeks of the winter. Graph 
the information; describe any inferences that can be 
drawn from the data; and write an equation to 
determine the approximate temperature of city B in 
terms of the temperature of city A. 

 
 
 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
City A City B 

-14 -4 
-13 -2 
-16 -6 
-21 -11 
-20 -10 
-8 2 
-8 1 

-12 -2 
-4 6 
-3 6 
0 10 
0 10 
2 12 
6 16 

PO 5.  Recognize and solve problems 
that can be modeled using a system of 
two equations in two variables. 
 
Connections:  MHS-S4C3-08 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Example: 
• Safford is 394 miles from Kayenta. Tamara leaves 

Kayenta traveling 65 miles per hour and her brother 
leaves Safford traveling 50 miles per hour. What is 
their distance from Kayenta when they meet if Tamara 
leaves 1 hour later than her brother? 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 6.  Recognize and solve problems 
that can be modeled using a quadratic 
function.  
 
Connections:  MHS-S4C3-08 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 
 
MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Example: 
• Lava coming from the eruption of a volcano follows a 

negative parabolic path. During a recent eruption, the 
path of a piece of lava was tracked. The lava traveled 
to a maximum height of 1000 ft in eight seconds. The 
equation for the lava is given as 2( ) 16 936.f x x x= − + +  
At what height is a piece of lava that has traveled for 
only two seconds? 

• A football is kicked from ground level. The equation 
75.093 2 −+−= tth gives the height h of the football in 

yards after t seconds. What is the height of the ball 
after one second? When is the ball 6 yards high? 
When is the ball at 0 yards? What events does this 
represent? 

 
PO 7.  Determine domain and range of a 
function from an equation, graph, table, 
description, or set of ordered pairs. 
 
Connections:  MHS-S3C3-12, MHS-
S3C3-13, MHS-S3C3-14 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 

The domain of a function given by an algebraic expression, 
unless otherwise specified, is the largest possible domain.  
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Strand 3: Patterns, Algebra, and Functions 
Concept 3: Algebraic Representations 
 
Represent and analyze mathematical situations and structures using algebraic representations. 
 
In Grades 9 and 10, students extend their understanding of algebraic expressions with rational numbers to polynomial, rational, and square 
root expressions. Students deepen their understanding of the structure of algebra to analyze equations, solve systems of equations, perform 
operations on matrices, and generalize solution strategies to solve polynomial equations and problems. This lays the groundwork for 
students in grades 11 and 12 to perform operations on these expressions and extend their work with matrices and systems of equations. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Create and explain the need for 
equivalent forms of an equation or 
expression. 

MHS-S5C2-07.  Find structural 
similarities within different algebraic 
expressions and geometric figures.  
 
 

Students will use the properties of equality to create the 
expressions and equations and justify their equivalency. 
 
Example: 

• Given the following trapezoid find the unknown 
base. The area of the trapezoid is 54 cm2. Explain 
the manipulations the formula underwent and the 
reason for the manipulations.  

 

 
 

PO 2.  Solve formulas for specified 
variables. 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 

Example:  

• Solve for r: 34
3

V rπ=  

PO 3.  Write an equation given a table of 
values, two points on the line, the slope 
and a point on the line, or the graph of 
the line. 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 4.  Determine from two linear 
equations whether the lines are parallel, 
perpendicular, coincident, or intersecting 
but not perpendicular. 
 
Connections:  MHS-S4C3-04, MHS-
S4C3-07 
 

MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 
 
MHS-S5C2-07.  Find structural 
similarities within different algebraic 
expressions and geometric figures.  

The linear equations should include but not be limited to 
horizontal or vertical lines. 

PO 5.  Solve linear equations and 
equations involving absolute value, with 
one variable. 
 
Connections:  MHS-S1C2-01 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 

The equations should represent a given context. Students will 
use the properties of equality to solve the equations. 
Equations can be linear or involve absolute value, but do not 
need to involve both. 
 
Examples: 

• Carlos built a tennis ball launcher that catapulted a 
ball 78 feet, give or take 5 feet. Write and solve an 
equation with absolute value to determine the 
maximum and minimum distance the ball traveled. 

 
Solution: 5 78f= −  maximum of 83 feet and minimum 
of 73 feet. 

• 
7 8 111
3

y− − =  

 

• 315
5
2

=+− x  

 

• 
4

9
7

3 −
=

+ xx  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 6.  Solve linear inequalities in one 
variable. 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 

 

PO 7.  Solve systems of two linear 
equations in two variables. 
 
Connections:  MHS-S4C3-05 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 

The system solution methods can include but are not limited 
to graphical, elimination/linear combination, and substitution.  
Systems can be written algebraically or can be represented in 
context. 
 
Example:  

• José had 4 times as many trading cards as Phillipe.  
After José gave away 50 cards to his little brother and 
Phillipe gave 5 cards to his friend for this birthday, 
they each had an equal amount of cards. Write a 
system to describe the situation and solve the 
system. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 8.  Simplify and evaluate 
polynomials, rational expressions, 
expressions containing absolute value, 
and radicals. 

 The radical expressions are limited to square roots. 
The absolute value expressions are limited to variables with a 
degree of one when inside the absolute value symbols.   
Evaluate in terms of a given value for the variable.  
The solutions for square roots should be represented in 
simplest form ( 32 ). 
 
Example:  

• Simplify: 
)74(

3
5

)12
4
3(2 5

−−

+−

x

xx
 

 
PO 9.  Multiply and divide monomial 
expressions with integer exponents. 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 
 

Example: 
• Simplify the following expression 

( )( )2 3 4 2

2 5

5

2

x y x y

x y
y
x

−

−=

=

 

 
PO 10.  Add, subtract, and multiply 
polynomial and rational expressions.  

 Rational expressions must have like denominators with a 
degree of 0 or 1. 
 
Examples:  

• 
12 27

3 3x x
•

+ +
 

 

• 
3 2 35 7 11 3 18

17 17
x x x x− + − +

−  
 
A possible enrichment topic would be division of polynomials. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 11.  Solve square root equations 
involving only one radical. 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class 
of related problems; explain the role of 
generalizations in inductive and 
deductive reasoning. 
 

Examples: 

• 2152
8
7

=−x  

 
• 52 =+x  

 
PO 12.  Factor quadratic polynomials in 
the form of  ax2 + bx + c where a, b, and 
c are integers.  
 
Connections:  MHS-S3C3-13, MHS-
S4C3-08, MHS-S5C1-01, MHS-S5C1-02 

MHS-S5C2-07.  Find structural 
similarities within different algebraic 
expressions and geometric figures.  
 

 

PO 13.  Solve quadratic equations.  
 
 
Connections:  MHS-S3C2-07, MHS-
S3C3-12, MHS-S4C3-08 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Students should solve by factoring, completing the square, 
and using the quadratic formula. The zero product property is 
used to explain why the factors are set equal to zero. 
Quadratic functions are commonly used to maximize area or 
model the height of an object moving under the force of 
gravity. 
 
Example: 

• The path of a golf ball is approximately parabolic. 
The function 12525)( 2 +−−= ttth most closely 
represents the height of the golf ball h in feet after t 
seconds. Approximately how long is the golf ball in 
the air? 

• 
4

72 +
=

x
x

 

•  0)5( 2 =−x

•  xxx 832185 2 −−=+
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 14.  Factor higher order polynomials. 
 
Connections:  MHS-S3C3-12 

 Students should extract the greatest common factor (whether 
a constant, a variable, or a combination of each). If the 
resulting expression is quadratic, students should factor the 
expression further. 
 
Example: 

• Factor  xxx 352 23 −−
PO 15.  Solve problems using operations 
with matrices. 

 Matrix operations include addition and subtraction of matrices 
and scalar multiplication. 
 
Examples: 

• The following is an inventory matrix for Company A’s 
jellybean, lollipop, and gum flavors. The price per unit is 
$0.03 for jelly beans, gum, and lollipops. Determine the 
gross profit for each flavor and for the entire lot. 

 

 
 
 
 
 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

x aE pl nations and Examples 

Students are expected to:   
• Find 2A – B + C given Matrices A, B and C below. 

 
     Matrix A                    Matrix B                      Matrix C 
 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−

802
206341
15197

                        

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−−
−−

8639
114718
551823

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡−

87213
80951
1274

 
 
 
Strand 3: Patterns, Algebra, and Functions 
Concept 4: Analysis of Change 
 
Analyze how changing the values of one quantity corresponds to change in the values of another quantity. 
 
In Grades 9 and 10, students apply their understanding of rate change and simple rates in grades 7 and 8 to linear functions. Students use 
rates and rate of change to solve problems, including interest problems. Students in grades 11 and 12 solve problems using rate of change 
and analyze and interpret rate of change in financial contexts. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Determine the slope and intercepts 
of the graph of a linear function, 
interpreting slope as a constant rate of 
change. 
 
Connections:  MHS-S3C3-04, MHS-
S4C3-06, MHS-S5C1-01, MHS-S5C1-02 

MHS-S5C2-03.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 2.  Solve problems involving rate of 
change. 
 
Connections: MHS-S4C2-01, MHS-S4C2-
02, MHS-S4C2-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
 

Rate of change is limited to linear change. 
Example: 

• The ratio of Brand A to Brand B MP3 players sold at 
Electronics House is 8:3. Of the next 100 of Brand A 
and Brand B devices sold, how many do you estimate 
will be Brand A? 

PO 3.  Solve interest problems. 
 
Connections:  MHS-S3C1-03, SSHS-
S5C5-04 

 Interest problems include compounded interest but do not 
include continuous interest. 
 
Students should understand the recursive nature of interest 
calculation. Each time one must take the solution (principal 
and interest earned) for one year and apply it as the principal 
for the next year. 
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Strand 4: Geometry and Measurement 
Geometry is a natural place for the development of students' reasoning, higher thinking, and justification skills culminating in work with 
proofs. Geometric modeling and spatial reasoning offer ways to interpret and describe physical environments and can be important tools in 
problem solving.  Students use geometric methods, properties and relationships, transformations, and coordinate geometry as a means to 
recognize, draw, describe, connect, analyze, and measure shapes and representations in the physical world. Measurement is the 
assignment of a numerical value to an attribute of an object, such as the length of a pencil. At more sophisticated levels, measurement 
involves assigning a number to a characteristic of a situation, as is done by the consumer price index. A major emphasis in this strand is 
becoming familiar with the units and processes that are used in measuring attributes. 
 
Concept 1: Geometric Properties 

Analyze the attributes and properties of 2- and 3- dimensional figures and develop mathematical arguments about their relationships. 
 
In Grades 9 and 10, students develop their reasoning skills, both inductive and deductive. Students employ their understanding of the 
properties of two- and three-dimension figures, investigated in the middle grades, to solve problems. Students investigate trigonometric 
ratios and their application to triangles in preparation for the advanced trigonometric study undertaken in College Work Readiness.  
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Use the basic properties of a circle 
(relationships between angles, radii, 
intercepted arcs, chords, tangents, and 
secants) to prove basic theorems and 
solve problems. 

MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 
 
MHS-S5C2-12.  Construct a simple formal 
deductive proof. 
 
MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 

The properties of a circle include but are not limited to 
theorems based on the AIMS Reference Sheet circle 
formulas.  
 
Examples:  

• Students should investigate the method Eratosthenes 
used to calculate the diameter of the moon. 

 
• Given the circle below with radius of 10 and chord 

length of 12, find the distance from the chord to the 
center of the circle.  

 
Continued on next page    
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Performance Objectives 
 

Process Integration 
 

x anE pl ations and Examples 

Students are expected to:   
• Find the unknown length in the picture below. 

 

PO 2.  Visualize solids and surfaces in 3-
dimensional space when given 2-
dimensional representations and create 2-
dimensional representations for the 
surfaces of 3-dimensional objects. 

 The two-dimensional representations should include nets and 
multiple views of the solid. 

PO 3.  Create and analyze inductive and 
deductive arguments concerning 
geometric ideas and relationships. 
 
Connections:  MHS-S4C1-01, MHS-
S4C1-04, MHS-S4C1-05, MHS-S4C1-07, 
MHS-S4C1-08, MHS-S4C3-02, MHS-
S4C3-04 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-08.  Use inductive reasoning 
to make conjectures, use deductive 
reasoning to analyze and prove a valid 
conjecture, and develop a 
counterexample to refute an invalid 
conjecture.  
 
MHS-S5C2-12.  Construct a simple formal 
deductive proof. 
 
MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 

Key ideas include but are not limited to parallelism, 
perpendicularity, properties of intersecting lines, the 
circumference formula, and the area formula. 
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T

 

Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 4.  Apply properties, theorems, and 
constructions about parallel lines, 
perpendicular lines, and angles to prove 
theorems.  
 
Connections:  MHS-S4C1-01, MHS-
S4C1-05, MHS-S4C1-06, MHS-S4C1-07, 
MHS-S4C1-08, MHS-S4C1-09, MHS-
S4C1-10, MHS-S4C1-11 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-12.  Construct a simple formal 
deductive proof. 
 
MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 

Constructions include but are not limited to complementary 
angles, supplementary angles, linear pairs, one or two 
transversals crossing two parallel lines, the sum of interior 
angles of a polygon, exterior angles of a polygon, and vertical 
angles. 
 
Properties used to prove theorems should include properties 
about angles, arcs, radii, tangents, chords, secants, and 
relationships among these. 
 

PO 5.  Explore Euclid’s five postulates in 
the plane and their limitations. 
 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-11.  Draw a simple valid 
conclusion from a given if…then 
statement and a minor premise. 
 

Euclid’s five postulates are:  
1: A line segment can be drawn joining any two points. 
2: Any line segment can be extended indefinitely in a 

line. 
3: Given a line segment, a circle can be drawn having 

the segment as a radius and one endpoint as a 
center. 

4: All right angles are congruent. 
l P5: If  is any line and  is any point not on l , then there 

exists exactly one line through P that is parallel to l . 
 
The 5th postulate is applied only to Euclidean geometry. It 
cannot be applied to a curve. 
 

PO 6.  Solve problems using angle and 
side length relationships and attributes of 
polygons. 
 
Connections:  MHS-S4C1-04, MHS-
S4C1-07, MHS-S4C2-04, MHS-S4C3-04, 
MHS-S4C4-01, MHS-S4C4-03, MHS-
S4C4-04, MHS-S4C4-05 
 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
 

Example: 
• Find the measure of each interior angle of a regular 

hexagon. 
• Find the value of x if the perimeter of a triangle is 27 

and the side lengths are represented by x, x+2, and 
x+7. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 7.  Use the hierarchy of quadrilaterals 
in deductive reasoning.  
 
Connections:  MHS-S4C1-03, MHS-
S4C1-04, MHS-S4C1-06 

MHS-S5C2-09.  State the inverse, 
converse, and contrapositive of a given 
statement and state the relationship 
between the truth value of these 
statements and the original statement.  
 
MHS-S5C2-10.  List related if… then 
statements in logical order. 
 
MHS-S5C2-11.  Draw a simple valid 
conclusion from a given if…then 
statement and a minor premise. 
 

A trapezoid is not considered a parallelogram. 
 
Examples:  

• A rectangle is _____________________ a square. 
                                  (sometimes, always, never) 

Justify your selection. 
 

• A square is _____________________a rectangle. 
                           (sometimes, always, never) 

Justify your selection. 
 

• Prove that a figure ABCD is a rhombus. 
 
 
 
 

 
 

Solution: Students will first need to prove the figure is 
a parallelogram, then they can use one of the unique 
characteristics of a rhombus to prove the figure is a 
rhombus. These characteristics include:  

the diagonals are perpendicular,  
one pair of adjacent sides is 
congruent, or  
a diagonal bisects opposite angles. 

 
 
 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

x anE pl ations and Examples 

Students are expected to:   
• Consider the following statements regarding the 

hierarchy of quadrilaterals. Place the statements in 
order, and determine whether the original, inverse, 
converse, and contrapositive statements are true. 
o If the figure has four congruent sides and angles, 

then it is a square. 
o If both pairs of sides of the figure are parallel then 

it is a parallelogram. 
o If the figure is a square, then it is a rectangle. 
o If a figure has four sides, then it is a quadrilateral.  
o If the figure has four congruent sides, then it is a 

rhombus. 
• What conclusion can be made from the following 

conditional statement and minor premise? 
o If a quadrilateral has two pairs of congruent 

consecutive sides and all four sides are not 
congruent, then the figure is a kite.  

o In quadrilateral ABCD 
DACDandCDBCBCAB ≅≠≅ ,,  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 8.  Prove similarity and congruence of 
triangles.  
 
Connections:  MHS-S4C1-03, MHS-
S4C1-04, MHS-S4C1-10, MHS-S4C1-11, 
MHS-S4C2-01, MHS-S4C2-03, MHS-
S4C2-04, MHS-S4C3-04, MHS-S4C4-04 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-11.  Draw a simple valid 
conclusion from a given if…then 
statement and a minor premise. 
 
MHS-S5C2-12.  Construct a simple formal 
deductive proof. 
 
MHS-S5C2-13.  Identify and explain the 
roles played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 

Similarity postulates include SSS, SAS, and AA. 
Congruence postulates include SSS, SAS, ASA, AAS, and  
H-L. 

PO 9.  Solve problems using the triangle 
inequality property. 
 
Connections:  MHS-S4C1-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Example: 
• What are the minimum and maximum lengths of a 

piece of wood given the two other pieces of wood used 
to build a triangle are 24 ft and 7 ft?  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 10.  Solve problems using right 
triangles, including special triangles. 
 
Connections:  MHS-S1C2-02, MHS-
S1C3-01, MHS-S3C3-11, MHS-S4C1-04, 
MHS-S4C1-08, MHS-S4C1-11, MHS-
S4C3-01, MHS-S4C3-02, MHS-S4C3-03, 
MHS-S5C1-01, MHS-S5C1-02 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
 

Examples: 
• Find the value of x in the given triangle where 

DCAD ⊥ and DBAC ⊥  
°=∠°=∠ 30,60 CmAm  

                  
 
 

• Find the measure of the missing segment in the given 
triangle where DCAD ⊥ , DBAC ⊥ ,  

             

3,12,30,60 ==°=∠°=∠ ABACCmAm  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 11.  Solve problems using the sine, 
cosine, and tangent ratios of the acute 
angles of a right triangle. 
 
Connections:  MHS-S3C3-02, MHS-
S3C4-02,  MHS-S4C1-04, MHS-S4C1-08, 
MHS- MHS-S4C1-10,S4C4-05, MHS-
S5C1-01, MHS-S5C1-02 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

The ratios do not include arcsin ( ), arccos ( ), and 
arctan ( 1tan − ). 

1sin − 1cos−

 
Both tables and technology are useful for this objective. 
 
Example: 
 

• Find the height of a tree to the nearest tenth if the 
angle of elevation of the sun is 28° and the shadow of 
the tree is 50 ft. 
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Strand 4: Geometry and Measurement 
Concept 2: Transformation of Shapes 
 
Apply spatial reasoning to create transformations and use symmetry to analyze mathematical situations. 
 
In Grades 9 and 10, students analyze the effect of transformations on the attributes of geometric figures. Students extend the analysis in 
grades 9 and 10 to analyze the effects of transformations on the library of functions in grades 11 and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Determine whether a 
transformation of a 2-dimensional figure 
on a coordinate plane represents a 
translation, reflection, rotation, or dilation 
and whether congruence is preserved. 
 
Connections:  MHS-S4C1-08, MHS-
S4C2-02, MHS-S4C2-03, MHS-S4C2-04, 
MHS-S4C4-04 

MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  
 

 

PO 2.  Determine the new coordinates of 
a point when a single transformation is 
performed on a 2-dimensional figure. 
 
Connections:  MHS-S3C4-02, MHS-
S4C1-06, MHS-S4C1-08, MHS-S4C2-01, 
MHS-S4C2-03, MHS-S4C3-03, MHS-
S4C4-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 3.  Sketch and describe the properties 
of a 2-dimensional figure that is the result 
of two or more transformations. 
 
Connections:  MHS-S4C1-03, MHS-
S4C1-06, MHS-S4C1-08, MHS-S4C2-01, 
MHS-S4C2-02, MHS-S4C2-04 

MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  

Example: 
• Sketch the image of the figures below when reflected 

over the x-axis and dilated using a scale factor of 2, 
and describe the properties of the image. 
 

 
 

PO 4.  Determine the effects of a single 
transformation on linear or area 
measurements of a 2-dimensional figure. 
 
Connections:  MHS-S3C4-02, MHS-
S4C1-06, MHS-S4C1-08, MHS-S4C2-01, 
MHS-S4C2-02, MHS-S4C2-03, MHS-
S4C4-04 

MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  

Examples: 
• Determine the length of the sides of a new triangle 

created by dilating the sides of a triangle with side 
lengths of 3, 6 and 7 using a scale factor of 2. 

• Determine the area of a new triangle created by 
dilating a given triangle with area 27 sq ft using a 

scale factor of
3
1

. 
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Strand 4: Geometry and Measurement 
Concept 3: Coordinate Geometry 
 
Specify and describe spatial relationships using rectangular and other coordinate systems while integrating content from each of the other 
strands. 
 
In Grades 9 and 10, students make connections between algebra and geometry by investigating the attributes of algebraic functions and 
geometric figures.  Students explore the relationships between the figure/function and its graph, laying the foundation for deeper 
investigation of representations of functions and their attributes in grades 11 and 12. 
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Determine how to find the midpoint 
between two points in the coordinate 
plane. 
 
Connections:  MHS-S1C1-03, MHS-
S1C2-03, MHS-S3C3-02, MHS-S4C1-03, 
MHS-S4C1-10, MHS-S5C1-01, MHS-
S5C1-02 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 

Problems include finding the midpoint given both endpoints, 
and finding the unknown endpoint given the midpoint and one 
endpoint. 
 
Examples: 

• An example of an informal method of determining the 
midpoint of a line segment is:  
o The line segment is graphed on a coordinate grid. 

Students find half of the vertical distance and half 
of the horizontal distance. The intersection of 
those is the midpoint. 

• An example of a formal method of determining the 
midpoint of a line segment is:  
o Given the endpoints (-10, 7) and (3, -21) use a 

formula to find the midpoint. 
PO 2.  Illustrate the connection between 
the distance formula and the Pythagorean 
Theorem. 
 
Connections:  MHS-S1C1-03, MHS-
S3C3-01, MHS-S3C3-08, MHS-S4C1-03, 
MHS-S4C1-10, MHS-S5C1-01, MHS-
S5C1-02 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 3.  Determine the distance between 
two points in the coordinate plane. 
 
Connections:  MHS-S1C1-03, MHS-
S1C2-02, MHS-S1C2-03, MHS-S3C3-02, 
MHS-S3C3-08, MHS-S4C1-03, MHS-
S4C1-10, MHS-S4C1-11, MHS-S4C2-02, 
MHS-S5C1-01, MHS-S5C1-02 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 

 

PO 4.  Verify characteristics of a given 
geometric figure using coordinate 
formulas for distance, midpoint, and slope 
to confirm parallelism, perpendicularity, 
and congruence. 
 
Connections:  MHS-S3C3-04, MHS-
S3C3-08, MHS-S4C1-03, MHS-S4C1-04, 
MHS-S4C1-06, MHS-S4C1-07, MHS-
S4C1-08, MHS-S4C2-01, MHS-S4C3-01, 
MHS-S4C3-03 

MHS-S5C2-01.  Analyze a problem 
situation, determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 

Examples: 
• Use slope to verify the polygon formed by connecting 

the points (-3, -2), (5, 3), (9, 9), (1, 4) is a 
parallelogram. 

• Use the distance formula to verify the polygon formed 
by connecting the points (-3, -2), (5, 3), (9, 9), (1, 4) is 
a parallelogram. 

 

PO 5.  Graph a linear equation or linear 
inequality in two variables. 
 
Connections:  MHS-S3C2-01, MHS-
S3C4-01 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 
 
MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 

 

PO 6.  Describe how changing the 
parameters of a linear function affect the 
shape and position of its graph. 
 
Connections:  MHS-S3C2-02 

MHS-S5C2-07.  Find structural similarities 
within different algebraic expressions and 
geometric figures.  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 7.  Determine the solution to a system 
of linear equations in two variables from 
the graphs of the equations. 
 
Connections: MHS-S3C3-04 

  

PO 8.  Graph a quadratic function and 
interpret x-intercepts as zeros.   
 
Connections:  MHS-S3C2-06 

 The minimum information necessary to graph a quadratic 
function is the vertex and a point on either side of the vertex.  

 
 
Strand 4: Geometry and Measurement 
Concept 4: Measurement 
 
Understand and apply appropriate units of measure, measurement techniques, and formulas to determine measurements. 
 
In Grades 9 and 10, students extend work from grades 7 and 8 with proportional reasoning and geometric formulas for perimeter, area, 
surface area, and volume of two- and three-dimensional figures to analyze change in dimensions and solve problems in context.  
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Use dimensional analysis to keep 
track of units of measure when 
converting.  
 
Connections:  MHS-S1C2-03, MHS-
S3C3-01, MHS-S3C3-02, MHS-S3C3-09, 
MHS-S3C4-02, MHS-S4C1-06, MHS-
S4C4-02, MHS-S4C4-03, MHS-S4C4-05, 
SCHS5C2-02, SCHS5C2-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Examples: 
 

• Convert 24, 000 seconds into days. 
1min 1hr 1day24000sec
60sec 60 min 24 hr

• • •   

 
• Convert 12 feet per second to miles per hour.  

ft
mi

hr
ft

5280
1

1
min60

min1
sec60

sec1
12

•••  
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 2.  Find the length of a circular arc; 
find the area of a sector of a circle. 
 
Connections:  MHS-S2C2-05, MHS-
S4C1-01, MHS-S4C1-06, MHS-S4C4-01, 
MHS-S5C1-01 

 An angle is defined as the arc measure formed by two rays 
with a common endpoint (vertex), not the degree of separation 
of two rays.  

PO 3.  Determine the effect that changing 
dimensions has on the perimeter, area, or 
volume of a figure. 
 
Connections:  MHS-S2C2-05, MHS-
S4C1-01, MHS-S4C4-01, MHS-S4C4-02 

MHS-S5C2-02.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 
 
MHS-S5C2-10.  List related if… then 
statements in logical order. 

 

PO 4.  Solve problems involving similar 
figures using ratios and proportions.  
 
Connections:  MHS-S2C2-05, MHS-
S4C1-01, MHS-S4C1-06, MHS-S4C1-08, 
MHS-S4C2-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Examples:  
 

• Find the scale factor for the similar triangles below: 
Δ ABC          Δ A’B’C’ 

 

 
 
 

• The aspect ratio of display screens at a company is 
2
7

. The screen size of one item is 12cm. What is a 

possible screen size for another item from the same 
company? 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 5.  Calculate the surface area and 
volume of 3-dimensional figures and solve 
for missing measures. 
 
Connections:  MHS-S2C2-05, MHS-
S4C1-06, MHS-S4C1-11, MHS-S4C4-01, 
MHS-S4C4-04 

MHS-S5C2-02.  Solve problems by 
formulating one or more strategies, 
applying the strategies, verifying the 
solution(s), and communicating the 
reasoning used to obtain the solution(s). 

Missing measures can include but are not limited to slant 
height, altitude, height, diagonal of a prism, edge length, and 
radius. 
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Strand 5: Structure and Logic 
This strand emphasizes the core processes of problem solving. Students draw from the content of the other four strands to devise 
algorithms and analyze algorithmic thinking. Strand One and Strand Three provide the conceptual and computational basis for these 
algorithms. Logical reasoning and proof draws its substance from the study of geometry, patterns, and analysis to connect remaining 
strands. Students use algorithms, algorithmic thinking, and logical reasoning (both inductive and deductive) as they make conjectures and 
test the validity of arguments and proofs. Concept two develops the core processes as students evaluate situations, select problem solving 
strategies, draw logical conclusions, develop and describe solutions, and recognize their applications. 
 
Concept 1: Algorithms and Algorithmic Thinking 
 
Use reasoning to solve mathematical problems. 
 
In Grades 9 and 10, students apply their understanding of algorithms and algebraic structure from grades 7 and 8 to analyze, determine the 
equivalence of, and use algorithms to solve problems. Students deepen these analysis skills in grades 11 and 12.  
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 1.  Select an algorithm that explains a 
particular mathematical process; 
determine the purpose of a simple 
mathematical algorithm. 
 
Connections:  MHS-S2C1-02, MHS-
S2C3-01, MHS-S2C3-02, MHS-S2C3-03, 
MHS-S3C3-12, MHS-S3C3-13, MHS-
S3C4-01, MHS-S4C1-10, MHS-S4C1-11, 
MHS-S4C3-01, MHS-S4C3-02, MHS-
S4C3-03, MHS-S4C4-02, MHS-S5C1-02 

MHS-S5C2-04.  Generalize a solution 
strategy for a single problem to a class of 
related problems; explain the role of 
generalizations in inductive and deductive 
reasoning.  
 
MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 
MHS-S5C2-06.  Synthesize mathematical 
information from multiple sources to draw 
a conclusion, make inferences based on 
mathematical information, evaluate the 
conclusions of others, analyze a 
mathematical argument, and recognize 
flaws or gaps in reasoning. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:   
PO 2.  Analyze algorithms for validity and 
equivalence recognizing the purpose of 
the algorithm. 
 
Connections:  MHS-S2C1-04, MHS-
S2C3-01, MHS-S2C3-02, MHS-S2C3-03, 
MHS-S3C1-03, MHS-S3C3-12, MHS-
S3C3-13, MHS-S3C4-01, MHS-S4C1-10, 
MHS-S4C1-11, MHS-S4C3-01, MHS-
S4C3-02, MHS-S4C3-03, MHS-S4C4-02 
 

MHS-S5C2-05.  Summarize and 
communicate mathematical ideas using 
formal and informal reasoning. 
 

Example:  
• An example for analyzing an algorithm for equivalence is 

analyzing the multiple ways to find the slope of a line.  
• An example for analyzing an algorithm for validity is 

comparing an algorithm for finding the distance between 
two points using the distance formula, to an algorithm 
finding the square root of the sum of the horizontal 
distance and vertical distance between two points on a 
coordinate grid.  

 

 
 
 
2 2

2 1 2 1( ) ( )d x x y y= − + −  
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Strand 5: Structure and Logic 
Concept 2: Logic, Reasoning, Problem Solving, and Proof 
 
Evaluate situations, select problem-solving strategies, draw logical conclusions, develop and describe solutions, and recognize their 
applications. 
 
In Grades 9 and 10, students formalize the development of inductive, deductive, and proportional reason, introduced in grades 7 and 8, as 
they make and defend generalizations and justify their reasoning using accepted standards of mathematical evidence and proof. Students’ 
grasp of logical structure is extended to mathematical modeling in grades 11 and 12.  
 
Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 1.  Analyze a problem situation, 
determine the question(s) to be 
answered, organize given information, 
determine how to represent the problem, 
and identify implicit and explicit 
assumptions that have been made. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 2.  Solve problems by formulating one 
or more strategies, applying the 
strategies, verifying the solution(s), and 
communicating the reasoning used to 
obtain the solution(s). 

 Example: 
• Find the measure of each angle in the quadrilateral 

below. 

 
 

o Because the quadrilateral can be divided into 
two triangles, the sum of whose angles is 180, 
the sum of the angles of the quadrilateral is 
360. 

 
2 18 52 4 360

4 28 360
4 396

97

x x x x
x

x
x

+ + + + − + + =
− =

=
=

 

 
Continued on next page 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

   
Therefore, 

2 99
18 115
52 45
4 101

x
x
x
x

+ =
+ =
− =
+ =

 

 
o Check by adding the angles to verify that their 

sum is 360. 
o Students can also justify each step according 

to the property used. 
PO 3.  Evaluate a solution for 
reasonableness and interpret the 
meaning of the solution in the context of 
the original problem. 

  

PO 4.  Generalize a solution strategy for a 
single problem to a class of related 
problems; explain the role of 
generalizations in inductive and deductive 
reasoning. 

 Students should know that conclusions or rules reached in 
inductive reasoning can then be used to reason deductively. 

PO 5.  Summarize and communicate 
mathematical ideas using formal and 
informal reasoning. 

 Informal reasoning may be used in paragraph proofs, with 
manipulatives like geo boards, and in communicating 
geometric ideas through multiple representations. Formal 
reasoning is generally found in two-column proofs, flow chart 
proofs, and implication proofs (one-column with implication 
arrows). 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 6.  Synthesize mathematical 
information from multiple sources to draw 
a conclusion, make inferences based on 
mathematical information, evaluate the 
conclusions of others, analyze a 
mathematical argument, and recognize 
flaws or gaps in reasoning. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Synthesize means to combine separate elements to form a 
coherent whole.  
Students will use the properties of equality to analyze 
mathematical arguments. 
Example: 

• Study the following proof.  Two of the reasons for the 
given statements are incorrect.  Find the incorrect 
reasons.  Recopy the Given, Prove, and the diagram.  
Rewrite the proof with the incorrect reasons corrected. 

  
Given:  ABCD             1. ABCD              1. Given  

Prove:     2.  Δ ≅ ΔABC CDA ≅AC AC               2. Reflexive   
                                                                                       property 

                                             3.  //AB DC                3. Definition of a     
                                                                                       parallelogram     
                                             4.  ∠ ≅ ∠DCA BAC    4. If 2 parallel          
                                                                                      lines are cut by   
                                                                                      a transversal, 
                                                                                      corresponding 
                                                                                      angles are 
                                                                                      congruent          
                                              5. ∠ ≅ ∠D B              5. Opposite 
                                                                                      angles of a  
                                                                                      parallelogram  
                                                                                      are congruent 
                                              6.  Δ ≅ ΔABC CDA     6. SAS  

D C

A B
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 7.  Find structural similarities within 
different algebraic expressions and 
geometric figures.  

 Examples: 
• The structures of the two algebraic statements below 

are similar and can be solved in the same manner. 
2 16x =  and 5( )22 2x + =

• The structures of the two geometry figures below are 
similar in that they have a lateral area and two base 
areas. Their surface area can be found in the same 
manner. 

 

 
 
   
 
 

• The similarity between the structures of an algebraic 
expression/equation and a geometric figure can be 
shown by in the following manner. 

• Consider the functions f(x) = x and g(x) = x + 3, where 
g(x) has a value that is 3 greater than f(x). Then 
consider the graph of f(x) and g(x) where the values of 
the graph of g(x) are 3 higher than that of f(x). 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 8.  Use inductive reasoning to make 
conjectures, use deductive reasoning to 
analyze and prove a valid conjecture, and 
develop a counterexample to refute an 
invalid conjecture. 

 In deductive reasoning, a conclusion is alleged to follow with 
strict necessity from the premises (irrespective of the truth of 
the premises); in inductive reasoning, a conclusion is alleged 
to follow with mere probability from the premises (irrespective 
of the truth of the premises). 
 
Example: 

• The following argument is deductive: 
 

All humans are mortal. 
Socrates is human. 
Therefore, Socrates is mortal. 
 

• The following argument is inductive: 
 
Most humans are right-handed. 
Judy is a human. 
Therefore, Judy is probably right handed. 
 

PO 9.  State the inverse, converse, and 
contrapositive of a given statement and 
state the relationship between the truth 
value of these statements and the original 
statement.  

 The truth value of a statement is whether the statement is 
always, sometimes, or never true. 

PO 10.  List related if… then statements 
in logical order. 
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Performance Objectives 
 

Process Integration 
 

Explanations and Examples 

Students are expected to:  
 

Some of the Strand 5 Concept 2 
performance objectives are listed 
throughout the grade level document in 
the Process Integration Column (2nd 
column). Since these performance 
objectives are connected to the other 
content strands, the process integration 
column is not used in this section next to 
those performance objectives.

 

PO 11.  Draw a simple valid conclusion 
from a given if…then statement and a 
minor premise. 

 Example: 
• Given: If two angles have the same measure, then 

they are congruent. 
Minor Premise: 60  and 60m A m B∠ = ° ∠ = °  
Conclusion: BA ∠≅∠  

PO 12.  Construct a simple formal 
deductive proof. 

 Formal deductive proofs can be in the form two-column 
proofs, flow chart proofs, and one column proofs using 
implication arrows.  
 
Students will use the properties of equality in the construction 
of a formal proof. 

PO 13.  Identify and explain the roles 
played by definitions, postulates, 
propositions and theorems in the logical 
structure of mathematics, including 
Euclidean geometry. 

 Axioms/Postulates/Common Notions are statements that are 
unproven/unprovable, but are accepted without proof. 
 
Propositions/Theorems are statements that have been proven 
(or can be proven) from postulates and/or from other 
theorems. 
 
Example: 

• Euclid’s proof of the Pythagorean Theorem relies 
directly upon previously proven theorems, which in 
turn relies upon postulates/axioms constructed with 
commonly agreed upon definitions. 

 


