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Authentic Assessment 

Authentic assessment involves mathematical problems which are set in a real-world context. 

Students are required to perform mathematical operations on realistic (or real) data and to use 
these outcomes for reasoning and sense making.  

Authentic assessments will involve content standards, 21st century skills, and technology. 

Lessons:

Putting a Math Course Together - Beth Allen  

Boom on the Moon!- Scott Hopper  

Choosing the Right Quarterback- Joe Abernethy 
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Graph Theory Ready for Takeoff! - Quinn Morris 

Which Animal Will Win? - Morgan Tysinger 
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Putting a Math Course Together 
Beth Allen 

Wake Forest University 
alleea5@wfu.edu  

INTRODUCTION:  Math and golf have a lot in common. For instance, both require a progression of skill 
and practice improves both. In this investigative assignment students will have a chance to explore all 
aspects of golf including some of the world’s most beautiful courses, types of golf clubs used during the 
game, and how each club manipulates the path of a ball. Using their knowledge of functions, students will 
become Masters at determining formulas for a golf ball’s flight.  

CLASS: Algebra 2 

NCSCOS Algebra 2 Competency Goal 2: (2.09) Use the equations of parabolas to model and solve 
problems; justify results. 

MATERIALS: Internet access and Microsoft Office Excel  

OBJECTIVE: Students will use information from the Internet to make educated predictions for the path of 
a golf ball during a standard 18 hole game of golf.   

ACTIVITIES:

1. Using the <http://www.pga.com/play> website, students will research one of the World’s Most 
Beautiful golf courses.  

2. Visiting the specific golf course’s website, students will find a map of the course and transfer 
information including par and yardage for each hole into an Excel worksheet.  

3. Using formulas within Excel, students will find the total yardage for the course and the integer 
quotient of yards per stroke.  

4. Each small group should research the game of golf and determine which golf clubs to use and how 
the ball would travel in order to make par at each hole. 

5. Students will then determine mathematical functions for a ball’s path using their knowledge of the 
total distance and type of route (quadratic, linear, or constant) the ball would travel for each hole.  

6. Students may submit findings in the form of a brochure for the course, a PowerPoint presentation, 
an arts and craft model of the course, or by any other approved means.  

ASSESSMENT: Students will be graded based on the attached rubric; each group member will receive 
the same grade. In their final report, students must include and (1) why they chose the specific formulas 
for their ball’s movement, (2) why the course is one of the World’s Most Beautiful Courses, and (3) how 
else math relates to the game of golf.  
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Putting a Math Course Together
Student Activity 1: What is your Most Beautiful Golf Course? 

Directions: Each person in your small group (2 or 3 students) must hand in this assignment 
before continuing on to the proceeding activities.  

1. Visit the website <http://www.pga.com/ > 

2. Click on the PLAY menu 

3. Click on the picture that says  
The World’s Most Beautiful Courses 

4. In the next window, choose one  
of the ten courses shown 

5. Read the description of the course 

6. Answer the questions below 

Your name: ________________________ 

Who will you be working with during this activity?  Partner 1’s name_____________________________ 
      (optional) Partner 2’s name: __________________________ 

What World’s Most Beautiful Golf Course will you research? 
_________________________________________________________________________________ 

Where is this golf course located? _____________________________________________________ 

After reading about this golf course on the pga.com/play website, in your own words please explain 
why this golf course is one of the World’s Most Beautiful Golf Courses? ______________________ 
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 
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Putting a Math Course Together
Student Activity 2: Excel Spreadsheet 

Directions: For this assignment work with your small group. All parts of the Excel 
spreadsheet must be completed to receive full credit. Everyone in the group must 
contribute equally.

Name: 

1. Using the internet find your Most Beautiful Golf Course’s website and a map of the course. In an 
Excel worksheet, enter information for each hole of the course including: hole number, par, 
yardage, and any information for that hole. For example:  

Hole Number Par Yardage Average Yards per Par Characteristics of Hole

1
5 505 101

Steady uphill slope

=QUOTIENT(C3,B3) 
a. Entering =quotient (numerator, denominator) into the average yards per par cell will give you 

the quotient for that hole.  

Why are you just looking for an integer and not the specific quotient? _______________________ 
_______________________________________________________________________________
_______________________________________________________________________________. 

b. Find the total yardage of all 18 holes using an Excel formula. For example: 

Total Yardage: 6365

=SUM(C3:C20) 
c. Once you have all your data entered in an Excel spreadsheet, copy and paste the table into a 

Word Document. Include your name at the top of the table and description of your calculations 
below your table.   

What were the formulas you used?  
1. ______________________________________________________________________________. 
2. ______________________________________________________________________________. 
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Putting a Math Course Together
Student Activity 3: Golf Exploration 
Directions: Visit the following websites and answer the questions

After reading “Golf Club Basics” at http://www.golf-information.info/types-of-golf-clubs.html: 

1. A typical set of golf clubs includes: ________________________________________________ 
_____________________________________________________________________________.  

2. Why do you need all these different types of clubs? ____________________________________ 
_____________________________________________________________________________.  

Take a look at http://www.abc-of-golf.com/golf-equipment/golf-club-type.asp: 

1.  _________________ are the clubs used for greater distances when accuracy doesn’t matter, while 
_________________ are the clubs used for shorter distances and more accuracy.  These clubs are 
used on the _____________________. 

2. Which golf club is the only one used on the green? ____________________________________. 
Also known as the _____________________.  

<http://golf.about.com/od/beginners/l/blclubdistance.htm> presents a chart of average distances for golf 
clubs. Recreate the chart below: 

Golf Club Men Women 
Driver   
3-wood   
5-wood   
2-iron   
3-iron   
4-iron   
5-iron   
6-iron   
7-iron   
8-iron   
9-iron   
Sand Wedge   
Pitching Wedge   

Summarize your findings.________________________________________________________________ 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________. 
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Putting a Golf Course Together
Student Activity 4: Where is the math connection? 

Directions: For this activity, you will write a series of functions that represents a golf ball’s flight after a 
player swings the golf club. You will have an equal number of functions for the par number. Complete a 
series of functions for 5 out of the 18 holes. 

On the x, y coordinate plane the x-value is the number of yards the ball travels horizontally from each 
stroke. The y-value is the highest vertical distance (how high the ball is off the ground).  

You may assume that each stroke begins at x= 0.   

Here is an example:  
Hole #1, Total Yardage = 500 yards, Par = 5 

 I will have 5 functions (par = 5).  
 The x-value in each function will move my ball horizontally.  
 The y-value will depend on the type of club I use for each stroke.  

1. Hole 1:  Stroke 1     Equation:    
   

The ball has gone 150 yards from the tee. I used my 
driver for this hit. The driver hits the ball far with a 
slight arc in the air. I now have 4 more strokes to get 
my ball (505-150=) 355 yards. 

I would have 4 more functions for Hole 1.  

There are many answers for each hole. Explain your reasoning for choosing each function. Use the 
characteristics of each hole to manipulate your functions as well as the websites researched regarding the 
types of clubs and average distances a club hits the golf ball.  

Out of class assignment: Create a PowerPoint presentation, Golf Course Brochure, hands-on 
project, or any other unique project that pictorially represents the functions and information you have 
discovered throughout all four activities. Make sure your idea is approved before you begin. 
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EXCELLENT
5/4

SATISFACTORY
3/2

BELOW EXPECTATIONS
1/0

RESEARCH

Total: _____

Students effectively
navigated the Internet
and easily gathered
information from sites. They
have cited all websites used.

Students navigated the
Internet and gathered some
information from sites. They
have cited some websites.

Students needed assistance
navigating websites. They
were able to gather
information with teacher
help. They did not cite
websites used.

EXCEL

Total:_____

Students created a neat
Excel spreadsheet including:
name of golf course, bold
headings, formulas, and
correct spelling in all
descriptions.

Students created an Excel
spreadsheet including some
of the following: name of
golf course, bold headings,
formulas, and correct
spelling in some descriptions.

Students did not create an
Excel spreadsheet and/ or
forgot most of the following:
name of golf course, bold
headings, formulas, and
correct spelling in
descriptions.

GRAPHS

Total:____

Students clearly labeled all
graphs for each hole
number. All formulas have
different names. Students
order graphs in a systematic
way. Graphs were all
accurate.

Students included all graphs.
But, formulas for graphs did
not all have different names.
It was not easy to see which
graph went to each hole.
Most graphs were accurate.

Students did not include
graphs and/ or did not label
graphs. Graphs were not
accurate.

DESIGN

Total:____

Students create a unique
representation for displaying
all information. They must
have included: all graphs,
name of golf course, why the
golf course is a WMBC, why
they chose to use each
function.

Students represented most
information required
including: included: all
graphs, name of golf course,
why the golf course is a
WMBC, why they chose to
use each function.

Students needed guidance in
how to represent
information. They left out
most of the following:
graphs, name of golf course,
why the golf course is a
WMBC, why they chose to
use each function.

EXPLANATION

Total:____

Students indicated which
golf clubs would hit the ball
for each function. Their
choices were realistic and
accurate.

Students indicated which
golf clubs would hit the ball
for each function. Their
choices were sometimes
unrealistic and/or
inaccurate.

Students did not indicate
which golf clubs would hit
the ball for each function.
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Sample Work/ Teacher Notes 

Putting a Math Course Together
Directions: Each person in your small group (2 or 3 students) must hand in this assignment 
before continuing on to the proceeding activities.  

Student Activity 1 

1. Visit the website <http://www.pga.com/ > 

2. Click on the PLAY menu 

3. Click on the picture that says  
The World’s Most Beautiful Courses 

4. In the next window, choose one  
of the ten courses shown 

5. Read the description of the course 

6. Answer the questions below 

Your name: Jet York

Who will you be working with during this activity?  Partner 1’s name: Carolina Giant
      (optional) Partner 2’s name: Rodger Angel

What World’s Most Beautiful Golf Course will you research? Del Monte Golf Course

Where is this golf course located? Pebble Beach, California 

After reading about this golf course on the pga.com/play website, in your own words please explain 
why this golf course is one of the World’s Most Beautiful Golf Courses? This golf course is located 
in Pebble Beach, California where the weather seems to be perfect weather all year long. Since this 
part of California only experiences one season, not too hot and not too cold, the temperature is ideal 
for golfing all year long. The golf course was constructed in 1919. It hugs the Pacific coastline and 
incorporated the cliffs. This cannot be found many other places than Pebble Beach, California. 
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Putting a Math Course Together
Student Activity 2: Excel Spreadsheet 

Directions: For this assignment work with your small group. All parts of the Excel 
spreadsheet must be completed to receive full credit. Everyone in the group must 
contribute equally.

Name: 

2. Using the internet find your Most Beautiful Golf Course’s website and a map of the course. In an 
Excel worksheet, enter information for each hole of the course including: hole number, par, 
yardage, and any information for that hole. For example:  

Hole Number Par Yardage Average Yards per Par Characteristics of Hole

1
5 505 101

Steady uphill slope

=QUOTIENT(C3,B3) 
d. Entering =quotient (numerator, denominator) into the average yards per par cell will give you 

the quotient for that hole.  

Why are you just looking for an integer and not the specific quotient? I was only looking for an 
integer solution because when golfer measure yards, they use yards.

e. Find the total yardage of all 18 holes using an Excel formula. For example: 

Total Yardage: 6365

=SUM(C3:C20) 
f. Once you have all your data entered in an Excel spreadsheet, copy and paste the table into a 

Word Document. Include your name at the top of the table and description of your calculations 
below your table.   

What were the formulas you used?  
3. To find the integer quotient, on hole 18, I entered =QUOTIENT(C19,B19) into D19.
4. The formula to find the total yardage for the entire course that I enter into C20 was 

=SUM(C3:C20).
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Del Monte Golf Course: Pebble Beach, California

Hole Number Par Yardage Average Yards per Par Characteristics of Hole

1 5 505 101 Steady uphill slope

2 4 328 82 Do not go over the green

3 4 376 94 Add some club to compensate for the uphill green

4 3 178 59 Hole looks downhill

5 4 327 81 Do not hit over the green

6 3 196 65 Tests your short game

7 4 379 94 Strokes should be low and short

8 4 384 96 Doglegs right

9 5 524 104 Long hits can reach green in two

10 4 293 73 Fairway narrows

11 4 331 82 Lay back on first shot

12 3 171 57 Steep Slope

13 5 512 102 Long and Straight

14 3 218 72 More slope that you can see

15 4 330 82 Leave yourself a longer second shot

16 4 421 105 Chip shot for the last stroke

17 5 500 100 Keep the ball below the hole

18 4 392 98 Green slopes left

Total Yardage: 6365

Summary of Excel Spreadsheet:
To calculate the total yardage for the course, I entered =SUM(C3:C19) into C20. To find the average 
yards per par, in each D column I entered another Excel formula. Essentially, I divided the total yardage 
for each hole by the par number for that hole. For example, on hole 18, I entered =QUOTIENT(C19,B19) 
into D19.  In the “characteristics of hole” column, I included information I could use to determine how to 
hit the golf ball at each hole. For example at hole 15, my x-value on the graph for stroke 2 would be the 
largest since the description says, “leave yourself a longer second shot.” 
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Putting a Math Course Together
Student Activity 3: Golf Exploration 
Directions: Visit the following websites and answer the questions

After reading “Golf Club Basics” at http://www.golf-information.info/types-of-golf-clubs.html: 

3. A typical set of golf clubs includes: A typical set of clubs may include 3 woods (driver, 3 wood, 
and 5 wood), irons 3 to 9, three wedges (pitching wedges, sand wedge, and one other), and a putter. 

4. Why do you need all these different types of clubs? It is easier to keep your swing constant while 
switching the club you use. Depending on the club you choose the distance and arc will be 
different. 

Take a look at http://www.abc-of-golf.com/golf-equipment/golf-club-type.asp: 

3. Woods are the clubs used for greater distances when accuracy doesn’t matter, while Irons are the 
clubs used for shorter distances and more accuracy.  These clubs are used on the fairway. 

4. Which golf club is the only one used on the green? Putter. Also known as the Money Club.  

<http://golf.about.com/od/beginners/l/blclubdistance.htm> presents a chart of average distances for golf 
clubs. Recreate the chart below: 

Golf Club Men Women 
Driver 200-260  150-200 
3-wood 180-235 125-180 
5-wood 170-210 105-170 
2-iron 170-210 105-170 
3-iron 160-200 100-160 
4-iron 150-185 90-150 
5-iron 140-170 80-140 
6-iron 130-160 70-130 
7-iron 120-150 65-120 
8-iron 110-140 60-110 
9-iron 95-130 55-95 
Pitching Wedge 80-120 50-80 
Sand Wedge 60-100 40-60 

Summarize your findings. The driver and the woods hit the ball the farthest for both men and women. 
These would be the clubs I would use to hit the ball initially off the tee. Then while in the fairway I would 
use my irons. The number depends on how far I am away from the green. The pitching wedge and sand 
wedge do not hit the ball very far, but would allow me to accurately get the ball onto the green. From 
there I would use my putter to get the ball in the hole. 



Authentic Assessment in Algebra NCCTM 2009

4

2

5

f x  = 
-1
2 x x-6 

20

10

20 40 60

f x  = 
-1
50 x x-60 

20

10

20 40 60 80 100 120

f x  = 
-1

500 x x-130 

Putting a Golf Course Together
Student Activity 4: Where is the math connection? 

Functions for Del Monte Golf Course: Pebble Beach, California 

As a sample, I will only give functions for one hole (Hole #6).  Students should use Geometer’s 
Sketchpad, their graphing calculator, GeoGebra, or graph paper to construct functions.  

Hole #6: Total Yards- 196, Par- 3 

Since this is a shorter hole instead of hitting the ball from the tee with my driver, I would use by 3-wood. 
An average woman hit the ball 125-180 yards with the 3-wood. The 3-wood hits the ball far with low arc 
in the air. I know that the ball will arc slightly in the air, forming a parabola like function that is less steep. 
A parabola is a quadratic function. The function must be negative--- opening down. The graph must 
intersect the x axis at 0 (the tee) and when it lands (between 125-180 yards). Therefore, one option for an 
equation could be     

   
The graph would look like:  

Assuming the ball will not roll  
when it lands, I now have two hits to get my ball in the hole, 66 yards away. 

2nd hit: I will use my 9 iron next. As the irons are higher in number, the ball will not travel as far but will 
be more accurate.  One equation for the 2nd hit could be:    

   
The graph would look like:  

 Assuming the ball did not roll,  
 I now have to get my ball onto the green and in the hole, 6 yards away.  

3rd hit: Now I will use my pitching wedge to lob the ball onto the green and hopefully into the hole. While 
a woman’s average hit with the pitching wedge is between 50 and 80 yards, I am going to hit the ball 
lightly. The ball will go high up in the air and cover a small horizontal distance. My last equation for this 
hole will be:    

   
Yay! I made par. The ball is in the hole in three hits.  
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Boom on the Moon!

Scott Hopper
Wake Forest University
hoppsc9@wfu.edu

Introduction: Since the great space race between Russia and the U.S. of the late 1950�s man has been
extremely interested in space exploration. Moving past just visiting the moon we have begun to explore
mars using remote controlled rovers and NASA recently launched a rocket at the moon to discover
whether water existed on the moon. This project asks students to research the recent missile launch by
NASA and write up some brief information on what they found that interested them. This project also
attempts to make students view the earth and the moon as coordinate systems on which the distance
formula can be applied. This also gives students a concrete representation of arc length and leads into
the study of arc length.

NCTM Standards: Specify Location‐Understanding what a coordinate system is and how distance is
found in it, Problem Solving, Cooperation, Communication
NC Standards: Integrated Math 1: 2.01 Use the length, area, and volume of geometric figures to solve
problems. Include arc length, area of sectors of circles; lateral area, surface area, and volume of three
dimensional figures; and perimeter, area, and volume of composite figures.

Materials: Computers with Internet connection and Google Earth free downloadable software at
http://earth.google.com/

Goals:

 Students will view the earth and the moon as a coordinate system and calculate distance within
that system.

 Students will see arc length in a concrete example of distance on the earth and moon.

Activities:

 Working in groups students will explore the capabilities of Google Earth by searching for their
houses or other places they are interested in (such as favorite sports teams, monuments, or
other areas of interest).

 Using Google Earth students will choose two locations in the U.S. and record their latitude and
longitude and then calculated the distance between the two points.

 Students will be introduced to the recent NASA missile launch using an online video and asked
to research that event and one other area of interest on the moon found using Google Earth�s
�Moon view�.

 Students will calculate the distance between these two points using the latitudes and longitudes
they find using Google Earth.

 Each group will submit a report including the table of their data and the information about the
areas they searched.

Assessment: Group reports will be graded using the attached rubric. Each individual student will
submit a reflection about their thoughts on what the �boom� on the moon might lead to in the future.
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Part 1: How far is it?

1. Open up Google Earth and click on the �Fly to� tab, in the space provided type in your address
2. Record your addresses Latitude and Longitude in Table 1
3. Then come up with a sports stadium, national monument, city, or other place within the U.S.

that you would like to visit and type that place into the �Fly To� space.
4. Record the Latitude and Longitude of that place in Table 1
5. Calculate the Latitudinal Distance and Longitudinal Distance between the two points and record

that data in Table 1
6. Use the Distance formula to calculate the distance between the two points and record in Table 1
7. Then click on the �Directions� tab and then put in the two addresses you have chosen and get

the travel distance by car and record in Table 1.
8. Have students consider the difference between the distance using the distance formula and the

�travel distance,� then have a brief discussion or have students write a short paragraph on why
these differences exist.

Part 2: Boom on the Moon
1. Click on the Planet tab at top of screen and select Moon
2. Using NASA�s website <http://www.nasa.gov/mission_pages/LCROSS/main/ > search for

information on NASA�s recent LCROSS mission to launch a rocket at the moon and write a brief
paragraph on why the mission took place and what they found.

3. Using Google Earth click on the �Human Activity� tab under the �Layers� tab and select India and
the Moon Impact Probe (The NASA rocket is not yet in the system, however India�s rocket was
used for the same reason and can be used as the initial point). Record the Latitude and
Longitude of that point in Table 2

4. Looking through the other �Human Activity� points find one that interests you and find some
information on NASA�s website <http://www.nasa.gov/home/index.html> and write a brief
paragraph on that mission. Then record the Latitude and Longitude of that point in Table 2

5. Calculate the Latitudinal Distance and Longitudinal Distance between the two point and record
that data in Table 2

6. Use the Distance formula to calculate the distance between the two points and record in Table 2
7. Then students will do a little more research and respond to a reflection question for homework

with a brief one or two page write up.



Authentic Assessment in Algebra NCCTM 2009

How Far is it?

Table 1

Locations Latitude Longitude X=69.1*(Lat1‐
Lat2)

Y=69.1*(Long1‐
Long2)*cos(Lat1/57.3)

Distance=√(x2+y2)
in miles

Travel
Distance
in miles

Notes: X is the distance between the two latitudinal points and Y is the distance between the
two longitudinal values. 69.1 is the distance in miles between two Longitudinal or Latitudinal
lines found using the circumference of the earth divided by the number of longitudinal lines.
57.3 (180/π) which is used to convert Latitude 1 from degrees to radians this helps to make
the formula more accurate, however the cos(Lat1/57.3) can be dropped from the formula
however it will have roughly 10% error if it is dropped.

Boom on the Moon

Table 2

Locations Latitude Longitude X=6*(Lat1‐Lat2) Y=6*(Long1‐
Long2)*cos(Lat1/57.3)

Distance=√(x2+y2)
in miles

Notes: In this case the distance between two latitudinal lines on the moon is just 6 miles since
the circumference of the moon is much small than earth thus the equation changes.

Reflection Questions:
1. Explain why the Earth and Moon can be viewed as Coordinate Systems using your mathematical

terms? Write a good paragraph at least 5 or 6 sentences
2. From your research of the missile shot at the moon, what do you think water found on the

moon could lead too? Use at least one source to support your idea.
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Boom on the Moon Scoring Rubric

Excellent
5 4

Satisfactory
3 2

Below Expectations
1 0

Internet Research Students effectively
navigated Internet and
easily gathered valid

information

Students navigated
Internet and gathered
information with little

help

Students required
assistance to navigate
Internet and gather
valid information

Data Table

________

Data was correctly
recorded and neatly
displayed in tables

Most Data was
presented accurately
and table was fairly

neat

Data was incorrectly
recorded and table was
not neatly maintained

Google Earth

________

Students successfully
navigated Google Earth
and used it efficiently

Students needed little
help to successfully

navigate Google Earth

Students needed nearly
constant assistance to
correctly navigate
Google Earth

Information Gathered

________

Students clearly present
accurate information

gathered on the specific
areas of interest

Students present an
acceptable amount of
information on their
areas of interest

Students present little
to no information or

inaccurate information
on the areas of interest

Analysis and
Conclusions

_________

Students carefully
analyzed the

information and
expressed clear and
logical conclusions.
They also used
mathematical

knowledge to express
their reasoning

Students analyzed the
information and

expressed semi logical
conclusions and provide
some mathematical
support of their
conclusions.

Students analyzed the
information and
provide poor

conclusions with no
mathematical support.

Individual Reflection

_________

The reflection responds
to the reflection

question with a clear
well thought out

response that is well
written and well
thought out.

The reflection responds
to the reflection

question with a good
response that is written
fairly well and shows

some planning

The reflection responds
to the reflection
question with a

response that is poorly
written and shows little

to no planning.

Total___________

Comments:
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Choosing the Right Quarterback 

Joe Abernethy  

Introduction: Passer ratings are widely talked about and used when comparing NFL 
quarterbacks. It is a complex algebraic formula that takes into account attempts, interceptions, 
touchdowns, completions, and yards. This mini-project allows students to step into the role of an 
NFL General Manager and make a decision as to the best quarterback to hire. 

NCSCS Standards:  
Algebra I Objective 1.02 (Use formulas and algebraic expressions, including iterative and 
recursive forms, to model and solve problems. 

NCTM Standards: Algebra, Data Analysis & Probability, Problem Solving, Connections, 
Communication 

Materials: Pencil, Calculator, Computer with Internet Connection (Assessment Only) 

Goals:  
 Understand patterns, relations, and functions 
 Represent and analyze mathematical situations and structures using algebraic symbols 
 Use mathematical models to represent and understand quantitative relationships 
 Analyze change in various contexts 

Activities: Students will be in groups of two. They will imagine that they are the General 
Manager of an NFL football team. Their team is in need of a quarterback and they are interested 
in four potential quarterbacks. They are given the career statistics of these four quarterbacks and 
must use these statistics to determine which “free agent” quarterback they want to sign. Students 
will be given the NFL passer ratings formula which is a complex formula that takes into account 
attempts, yardage, completions, touchdowns and interceptions. They will use this formula to 
draw all of their conclusions. After they are done computing this information, they will answer 
some extension questions to make sure they understand the activity. 

Assessment: Students will go on the internet and find the five best passer ratings in NFL history 
for a quarterback’s career. The students will then find all those quarterbacks’ college statistics 
and calculate their passer rating. They will try to determine if those quarterbacks had a better 
college or pro career. They will turn in this homework/classroom activity and be graded 
according to the rubric that is provided below. 
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In-Class Activity 

You are the General Manager for a National Football League team. Your team needs one more 
quarterback to complete the roster. There are four free agent quarterbacks and you only have 
room on your roster for one quarterback, the best quarterback possible. These are the names and 
statistics of the free agent quarterbacks. You need to figure out who the best quarterback to sign 
is…  

Jason Campbell:  
Total Attempts: 1,336 
Completions: 881 
Yards: 8,723 
Touchdowns: 43 
Interceptions: 30 
(Passer Rating): 85.6 

Kyle Orton:  
Total Attempts: 1,107 
Completions: 629 
Yards: 6,784 
Touchdowns: 39 
Interceptions: 28 
(Passer Rating): 76.2 

Chad Pennington:  
Total Attempts: 2,469 
Completions: 1,631 
Yards: 17,804 
Touchdowns: 102 
Interceptions: 64 
(Passer Rating): 90.1 

David Carr: 
Total Attempts: 2,242 
Completions: 1,340 
Yards: 14,313 
Touchdowns: 65 
Interceptions: 70 
(Passer Ratings): 75.1 

From first glance, it would be difficult to tell who is the best quarterback. However, one of the 
most widely used ways of comparing quarterbacks is to use the passer rating. The passer rating is 
an algebraic formula that takes into account attempts, completions, yards, touchdowns, and 
interceptions, and spits out a number. The higher the number…the better the quarterback. Many 
NFL analysts talk about the passer rating on TV shows when comparing two quarterbacks.  
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Your job is to use the passer ratings formula below and suggest the best quarterback to use. 

 = C      = Y 

 = T    = I 

COMP = completions 
YDS = yards 
TD = touchdowns 
INT = interceptions 
ATT = attempts 

Passer rating = 

What is Player A’s Passer Ratings? Use the space below. 
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What is Player B’s Passer Rating? Use the space below. 

What is Player C’s Passer Rating? Use the space below. 
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What is Player D’s Passer Rating? Use the space below. 

Compare the four quarterbacks. What did the passer rating tell you about them? Player D has 
more yards, completions, and touchdowns, but did he have the best rating? 

Which quarterback would you suggest your NFL Team sign? Why? 

In the real formula, the domain for C, Y, T, and I is (0 , 2.375). Given this information, what is 
the highest possible passer rating? What’s the lowest? 

Why do you think the creator’s of this formula placed a limit on the values of C, Y, T, and I?   
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Sample Solution: Passer Rating for Jason Campbell 

((881/1336)*100 – 30) / 20 = C = 1.797 

((8723/1336) – 3) * .25 = Y = .883 

(43/1336)*20 = T = .644 

2.375 – ((30/1336)*25) = I = 1.843 

(C + Y + T + I)*100/6  
= (1.797 + .883 + .644 + 1.843)*100/6 
= (5.167)*100/6 
= 86.1 

Homework Assessment 

Player NFL Passer Rating College Passer Rating 
Peyton Manning 95.4 100.9 

Tony Romo 94.7 100.8 
Kurt Warner 93.5 97.0 
Tom Brady 93.4 83.7 

Philip Rivers 93.3 98.1 
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Homework/Assessment 

Assignment:  
Go online and find the five best current quarterbacks (according to passer ratings). Make sure 
you take the career statistics for the quarterback, not season statistics. After you do this, find 
their college statistics. Compute their rating using the NFL passer ratings formula based on their 
college numbers. Be aware that there is a college passer rating that uses a different formula. You 
want to use their college statistics and find their passer ratings based on the NFL passer 
rating formula. Use a separate sheet of paper to compute these ratings. 

Here are some websites that will help you find your information: 

http://www.pro-football-reference.com/

http://www.wikipedia.org/

When you have computed all the numbers, fill out this data table. 

Player NFL Rating College Rating 
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 Based on your findings, did these NFL greats have a better college or pro career? Talk about 
specific quarterbacks? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

What conclusions can you draw about great NFL greats and how they perform at the college 
level? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Passer Rating Rubric 

Excellent 

5      4 

Satisfactory

3      2 

Below 
Expectations

1      0 
Internet 

Research 

______ 

Student did extensive 
research on the 
internet on passer 
ratings and got all the 
correct information 

Student did some 
research on the 
internet on passer 
ratings and may have 
missed some of the 
information 

Student barely did any 
research and did not 
have the accurate 
passer rating 
information 

Data Table 

______ 

The Data Table is 
well-organized and 
displays all the correct 
information 

The Data Table is 
well-organized, but 
displays some 
incorrect information 

The Data Table is 
incomplete and has 
some incorrect 
information 

Analysis and 
Conclusion 

______ 

Student is able to 
make accurate an 
conclusion about 
quarterbacks NFL 
careers compared to 
college careers 

Student has all the 
correct information 
but is unable to draw 
an accurate 
conclusion 

Student misses the 
point of the lesson and 
draws an abstract 
conclusion 

Total _______ 

Comments:  
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How Loud is Your Music? 
Jonathan Newman

Introduction
In the music industry, how loud something comes across to the audience is a very important part of the
music, from how many of each instrument there are in an orchestra to how loud the speakers need to
be turned up in a rock concert. Sound is commonly measured in dB, which is actually the logarithm of a
scientific unit of measurement: the Pascal. This project will have students pick an orchestra or their
favorite band or group and try to balance the sound of that group for a concert by manipulating
logarithms.

NCTM Standards
Algebra, Number & Operations, Measurement, Problem Solving, Connections, Representations

NCSCOS
 Algebra II: (1.01) Simplify and perform operations with rational exponents and logarithms

(common and natural) to solve problems.

 Advanced Functions and Modeling: (2.01) Use logarithmic (common, natural) functions to model
and solve problems; justify results.

o b. Interpret the constants, coefficients, and bases in the context of the problem.

Materials
Students need computers with internet connection and spreadsheet software. An extra optional activity
could possibly use a decibel reading device.

Objectives
 Students will be able to manipulate logarithmic functions.

 Students will see math being used in the music industry and better appreciate application of
math.

Activities
 Students will first complete work‐sheets to make sure they understand conversions between

Pascals and Decibels. If you want more problems, simply change the numbers to give other
variations on the problems given.

 Working in groups, students will then select a band or orchestra setting they would like to work
with, and pick the instruments they want in their band (or the ones in their favorite band).

 Students will look online for information concerning the dB of a concert given by their band, or
pick a dB volume at which they want their concert to be played.

 Students will then look online and find dB information for the instruments they picked for their
band.
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 The last part of the project is to find the right number of instruments (if an orchestra is used) or
the right gain for each instrument�s amp (if a rock band is used) so that a) the individual
instruments (or section of instruments) dB are within close to each other and b) the total dB of
the concert matches the desired dB in the beginning.

 The groups are to turn in their spreadsheets along with a paragraph explaining their choices and
a brief explanation of how they figured out how many instruments to use or the gain in the
amps to use.

Assessment
 For the first two activities, students will answer questions on the work‐sheet and this material

can be graded if desired.

 The third activity is a group project with a report, which can l be graded using the attached
rubric on the third activity.

Background
 Definitions:

o Sound Pressure�what is measured when we ask how �loud� something is. This is
measured in �Pascals�.

o Decibel�this is used to translate Pascals into something more understandable and
more easily recognized (i.e. 1 Decibel is an audible change in volume to the human ear).

o Gain�this is the amount that an amplifier increases the volume (or voltage) of an
instrument; usually measured in dB.

 Equations:

o   10 log  
 where  is the sound pressure and dB is the logarithm.

o   10 log   where Gain is measured in dB while  is the input volume (or

voltage) and  is the output volume (or voltage). (Note: for the purposes of this
lesson, it is best to simply use a 1‐1 ratio of  (sound pressure) to volume/voltage.)

o Adding from multiple sources:

   10 log  
 where  and  are the different sound pressures.

   10 log   where  and  and  are the different sound
pressures.

 Etc.

First Activity/Assignment
Have them gain the following understandings by answer the questions on the attached

worksheet (these are examples�by changing the numbers you can have them do the calculations
several times in both directions)
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Second Activity/Assignment
Complete the handout for the second activity. The dB given are ranges, so you could discuss

what to do about the range: whether to use the lowest number, the highest number, or perhaps the
average.

In order to balance an orchestra, you have to increase the number of instruments and use the
�summing inside the logarithm� equation above to add the sound pressure of the instruments. In order
to balance a band, you have to increase the gain of the amplifiers so that they are all equal, using the
equation for gain. Also, dB should be easier to use when measuring gain in amps because students
should figure out that all they have to do is add the dB for the instrument and the amp in order to find
the final dB.

Third Activity/Assignment
The students are organizing a concert and must make decisions concerning setup of the band or

orchestra. Complete the steps on the attached handout in groups as a project.
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Handouts: First Activity
1. Finding the Decibels:

a. If the sound pressure is 1000 times greater than the reference value, what is this in
decibels?

b. If one person is talking at 60 dB and another person is talking at 40 dB, how many times
greater is the sound pressure of the first person�s voice than the second?

2. Adding inside logarithms:
a. What happens to the total decibels when two instruments (e.g. Two violins playing at 85

dB) play at the same time?

b. How many violins would have to play together to increase the sound by 10 dB?

3. Multiplying inside logarithms:
a. An amplifier doubles the voltage from the input to the output. What is the gain of this

amplifier?

b. If the gain of a particular amplifier is 10 dB, then by what factor does it increase the
voltage?
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Handouts: Second Activity
1. A conductor is planning an orchestra, and wants the orchestra to be equally loud across sections

of instruments when everyone plays their loudest. Using the chart given below, find out how
many instruments there should be of each of the following sections if there are going to be 3
trombonists.

a. Violin 82 ‐ 92dB
b. Cello 85 ‐111dB
c. Oboe 95‐112dB
d. Flute 92 ‐103dB
e. Piccolo 90 ‐106dB
f. Clarinet 85 ‐ 114dB
g. French Horn 90 ‐ 106dB
h. Tympani & Bass Drum 106dB

2. You�re the leader of a band and want all of the instruments to be playing at the same level as
the drummer normally plays. Given the following decibel levels, what should the gain be in each
player�s respective amps in order to be equally loud?

Drummer: 110 dB
a. Singer: 70 dB
b. Electric Bass: 50 dB
c. Electric Guitar: 40 dB
d. Acoustic Guitar: 90 dB
e. Piano: 84 dB

3. It is said that to the human ear, an increase of 10 dB makes something sound about twice as
loud, while increasing 20 dB makes something sound about four times as loud. What is the
corresponding increase in sound pressure for something to sound twice as loud? Five times as
loud?

4. The gain in amps is measured in dB. Why are dB easier to use when measuring gain than Pascals?
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Handouts: Third Activity
1. Choose a band/orchestra. You can create your own or choose one you already know and like,

but you must do research on one if you choose one you like.
2. Research on the internet (here is a good website to start with:

http://www.gcaudio.com/resources/howtos/loudness.html) and find the dB reading of an
average concert put on by you musical group. If you cannot find the specific band or orchestra,
then simply find a reading of an average concert for that style of music.

3. Research on the internet (here is a good website to start with:
http://www.gcaudio.com/resources/howtos/loudness.html) and find the dB reading of at least 4
instruments in your musical group.

4. Now, using the chart given, figure out how many instruments in each section you must have (for
an orchestra), or how high the gain on the instruments� individual amps must be (for a band) in
order to (a) balance the instruments and (b) reach the desired dB for the concert.

5. Write up a short report on what you learned about �balancing� a concert and what is good and
bad about using dB as a way of measuring loudness.

Total Target dB: 
Name of Rock Band: Needed 

  Instrument 
dB of 
Instrument Gain of Amp 

Total Sound per 
Instrument 

1         
2         
3         
4         
5         
6         

Sum: 
Total Target dB: 

Name of Orchestra (if known): Needed 

  Instrument 
dB of 
Instrument 

Number of 
Instruments Total Sound per Section 

1         
2         
3       
4         
5         
6         

Sum: 
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EXAMPLES:
Total Target dB: 

Name of Rock Band: Needed 150

  Instrument 
dB of 
Instrument Gain of Amp 

Total Sound per 
Instrument 

1 Lead Guitar 60  50  110 

2 
Backup 
Guitar 65  45  110 

3 Singer 70  40  110 
4 Bass Guitar 80  30  110 
5 Drums 100  10  110 
6 Synthesizer 60  50  110 

Sum: 
Total Target dB: 

Name of Orchestra (if known): Needed 139

  Instrument 
dB of 
Instrument 

Number of 
Instruments Total Sound per Section 

1 Violin 82 40 98.02
2 Cello 85 20 98.01
3 Oboe 95 2 98.01
4 Flute 92 4 98.02
5 Clarient 90 7 98.45
6 Trombone 91 6 98.78

Sum: 
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Scoring Rubric

 Excellent = 3 Exceeds 
Expectations = 2 

Satisfactory = 1 Below 
Expectations = 0 

Internet 
Research _____ 

Students 
navigated internet 
efficiently and 
easily gathered 
necessary 
information 

Students gathered 
necessary 
information 

Students required 
assistance to 
gather necessary 
information 

Students did not 
gather necessary 
information 

Data Table 
_____ 

Students 
completed the 
table with 
accurate and 
easily read 
information 

Students complete 
the table with 
accurate 
information 

Students 
completed the 
table 

Students did not 
complete the table 

Report _____ Report provides 
an explanation of 
why logarithms 
are used as well 
as contain 
insightful 
information as to 
the pros and cons 
of using dB to 
represent 
loudness 

Report provides an 
explanation as to 
why logarithms are 
useful as well as 
gives pros and 
cons of using dB to 
represent loudness 

Report provides 
an explanation as 
to why logarithms 
are useful 

Report is 
incomplete or 
demonstrates that 
the students do 
not understand 
any pros or cons 
of using logarithms 

Total__________     
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Graph Theory Ready for Takeoff! 

Quinn Morris 
Wake Forest University 

INTRODUCTION:  As the human population begins to grow, the need to effectively and 
efficiently use space becomes increasingly important.  In terms of basic infrastructure, nowhere 
is this more evident than the need for well-planned travel.  This project allows students to use 
online maps and basic graph theory to investigate and plan airline routes between different 
locations.  After completion of this project, students will have a better understanding of how to 
find shortest routes and the kind of problem solving that goes into planning and creating airline 
and traffic grids. 

NCTM STANDARDS:  Geometry, Measurement, Problem Solving, Communication, 
Connections, Representation 

NCSOS STANDARDS:  Discrete Math 1.02: Use graph theory to model relationships and solve 
problems. 

MATERIALS:  Computers with Internet connection and spreadsheet software 

GOALS:  Students will collect online data, represent it in both a spreadsheet and using graph 
theory, and analyze the resulting graph to make decisions. 

ACTIVITIES:  

 Teacher introduces weighted graphs, trees, and the idea of shortest paths. 

 Working in groups of approximately 4, students will select five cities in the U.S. 

 Using the http://en.wikipedia.org/wiki/List_of_airports_in_the_United_States website, 
they will find their five airports. 

 Students will use http://www.landings.com/_landings/pages/search/search_dist_apt.html
to calculate the distance between every possible pair of cities. 

 Students will record their data in a spreadsheet, and use that data to construct a weighted 
graph representing the cities and their distances. 

 Each group will submit a report including their table, graph, and conclusions about the 
shortest route. 

ASSESSMENT:  The group reports will be graded using the attached rubric.  Individual 
students will be asked to submit a reflection responding to some questions not addressed in the 
project. 
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1.  Go to: http://en.wikipedia.org/wiki/List_of_airports_in_the_United_States
2. Search through the different states, and locate 5 airports, and write down their “ICAO 

Code” for each. 

3. Once you have your five codes, visit 
http://www.landings.com/_landings/pages/search/search_dist_apt.html and use the form 
there to find the distance between your two airports. 

4. Record data in table. 
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5.  Use data from table to create a weighted graph on the five vertices. 
Enter data so that the entry corresponding to (City A, City B) represents the distances from City 
A to City B. 

 City A City B City C City D City E 

City A 
Code:_______ 

0     

City B 
Code:_______ 

 0    

City C 
Code:_______ 

  0   

City D 
Code:_______ 

   0  

City E 
Code:_______ 

    0 

List of cities

City A:__________________        Weighted Graph of Data

City B:__________________ 

City C:__________________  

City D:__________________ 

City E:__________________ 
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Activity

You and your team are a group of planners for a new airline.  You wish to provide service to all 
cities, but wishing to save money, you want to have as few different routes as possible, and you 
want those routes to be as short as possible.  Using what you have learned about weighted graphs, 
trees, and shortest paths, find the optimal way to connect all five cities using the fewest, shortest 
flights. 

Solution Graph

Questions to Answer in Your Group Write-Up

1.  Show and explain how you came up with your solution.  Do you think this method 
would always work for solving this type of problem? 

2. What are some properties of your solution graph?  Does it contain cycles?  Could it 
contain cycles? 

3. Is finding the shortest path connecting all these airports really the best way to do things?  
What problems do you think this might cause for the airport? 

Individual Reflection (Due at the beginning of tomorrow’s class)

Write a brief letter to the head of the airline explaining your group’s solution, its positives and 
negatives. 
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Teacher Notes: 

Sample Solutions:

A sample solution, using fictional airports and cities, is provided on the next page.   

Prerequisite Knowledge:

This project was not designed with one particular course in mind.  Though it fits quite 
nicely with the Discrete Math curriculum, it could also be incorporated into sections of 
Integrated Math or certain parts of the IB Curriculum.  Certainly, teachers looking to expand 
their students’ minds with some content outside of the set curriculum will find this project quite 
rewarding. 

Before assigning this project, students should become relatively comfortable with the 
concept of a graph (specifically weighted graphs) and how they can be used to represent things.  
If students are not already at this stage, the teacher should consider splitting this project into two 
days, and provide considerable scaffolding for the creation of the graph. 

The concept of a tree (a graph which contains no cycles) may or may not be introduced 
beforehand.  The solution graph will be a minimal-weight spanning tree, and this project is one 
way to introduce the concept of trees.  If trees have already been introduced, the teacher might 
consider asking more higher-level questions related to the solution graph and its properties as a 
tree. 

Encouraging Higher-Order Thinking:

The graph of all the data will be the complete graph on five vertices (or K5) and will have 
exactly 10 edges.  Because of the relatively low number of edges, students should be able to find 
the minimal-weight spanning tree for the set by inspection if given sufficient time.  Since this 
can be done by inspection alone, make sure to ask students to attempt to generalize the process. 

The questions for the group response ask for exactly this kind of higher-order thinking.  
Questions also ask students to engage in informal logic and deduction, particularly when asking 
about whether cycles may be a part of the minimal-weight graph.  Students at some 
developmental stages may have difficulty grasping these concepts, and the proof is done by 
contradiction. 

Utility of Graph Theory: 

Indeed most students, and perhaps some mathematicians, see graph theory as simply a 
novel tool to solve problems that have other, more numerical solutions.  It should be stressed to 
students that this is an important way to visualize and think about certain types of problems, 
specifically those involving networks (in this case, the connected sets of airports). 
 Students who are heavily visual learners may incorporate this method readily into their 
skill set.  Others may use it only when specifically asked to do so.  Both are perfectly acceptable, 
but asking students at this time to think only in these terms will help broaden all students’ 
understanding.   
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Sample Solution: 
Enter data so that the entry corresponding to (City A, City B) represents the distances from City 
A to City B. 

 City A City B City C City D City E 

City A 
Code:_______ 

0 25 40 15 90 

City B 
Code:_______ 

25 0 32 60 52 

City C 
Code:_______ 

40 32 0 29 47 

City D 
Code:_______ 

15 60 29 0 38 

City E 
Code:_______ 

90 52 47 38 0 

List of cities

City A: Marsville          Weighted Graph of Data

City B: Bristol City 

City C: Eight Rivers 

City D: Morristown 

City E: Buies Landing 
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Activity

You and your team are a group of planners for a new airline.  You wish to provide service to all 
cities, but wishing to save money, you want to have as few different routes as possible, and you 
want those routes to be as short as possible.  Find the optimal way to connect all five cities using 
the fewest, shortest flights. 

Solution Graph

Questions to Answer in Your Group Write-Up

1.  Show and explain how you came up with your solution.  Do you think this method 
would always work for solving this type of problem? 

 Method should be to add edges of shortest length without creating cycles until all 
vertices are connected. 

2. What are some properties of your solution graph?  Does it contain cycles?  Could it 
contain cycles? 

 Minimal-weight spanning tree will NEVER contain cycles.  Can prove via 
contradiction. 

3. Is finding the shortest path connecting all these airports really the best way to do things?  
What problems do you think this might cause for the airport? 

 No right or wrong answer here, just have students think critically about their 
results. 

Individual Reflection (Due at the beginning of tomorrow’s class)

Write a brief letter to the head of the airline explaining your group’s solution, its positives 
and negatives. 
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Excellent 

5           4 

Satisfactory 

3          2 

Below 
Expectations 

1           0 

Online 
Research 
___________ 

Students navigated 
web resources easily 
and obtained accurate 
information from both 
websites.  

Students navigated 
web resources and 
obtained accurate 
information from both 
websites. 

Students needed help 
navigating web 
resources and/or 
obtained incorrect 
data. 

Data Table  
___________ 

Students’ data is 
organized neatly and 
accurately in the table.

Students’ data is 
organized somewhat 
neatly and accurately 
in the table. 

Students’ data is 
unorganized or 
presented incorrectly 
in the table. 

Graph 
___________ 

Students’ data is 
organized neatly and 
accurately in the 
graph. 

Students’ data is 
organized somewhat 
neatly and accurately 
in the graph. 

Students’ data is 
unorganized or 
presented incorrectly 
in the graph. 

Analysis and 
Conclusions 

___________ 

Solution is correct and 
responses to questions 
are thoughtful and 
mathematically 
relevant.  Shows full 
mastery of solution 
method. 

Solution is correct and 
responses to questions 
are thoughtful and 
mathematically 
relevant.  Shows some 
mastery of solution 
method. 

Solution is incorrect 
and/or responses to 
questions are neither 
thoughtful nor 
mathematically 
relevant.  Shows no 
mastery of solution 
method. 

Individual 
Reflection 
___________ 

Reflection shows 
thoughtful 
consideration and 
reflection on the 
mathematical process.  
It is well written and 
organized with no 
mechanics problems. 

Reflection shows 
some consideration 
and reflection on the 
mathematical process.  
It is well written and 
organized with no 
mechanics problems. 

Reflection shows no 
consideration or 
reflection on the 
mathematical process.  
It is poorly written 
and organized with 
mechanics problems. 

Total:   ______/ 25 

Comments: 
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Which Animal Will Win the Race?  
Morgan Tysinger 

Wake Forest University 
tysism9@wfu.edu 

Introduction: Underwater Wonderland is a world-wide popular attraction. People come to see 
the amazing aquatic animals and learn about their habitats.  Underwater Wonderland creates fun 
and exciting events to keep guests entertained and wanting to come back. This week’s event is a 
race between selected animals in the park. Different animals have different habitats and to 
accommodate the animals’ needs, each has their own pool that is 2850 feet long. Can you 
determine which animal will win the race?  

NCTM Standards: Algebra, Numbers and Operations Standards, Measurement, Problem 
Solving, Communication, Connections, Representations 
NCSCOS: Algebra 4.01 Use linear functions or inequalities to model and solve problems; justify 
results. (a) Solve using tables, graphs, and algebraic properties. 
Goals: Students will collect online data, perform conversions, solve equations, represent results 
in a graph, and analyze data. Students will understand and use the relationship between time, 
distance, and rate to reason and draw conclusions. 

Activities: 
 Each student will randomly select 1 of 10 animals listed to research.  
 Using SeaWorld’s website http://www.swbg-animals.org/animal-info/info-

books/index.htm, each student will discover his or her animal’s speed in kph (not bursts 
of speed). If a range is given then the student will take the average.  

 Students will convert kph to mph, and then mph to feet per minute.  
 Given the velocity formula, students will find the distance their animal has gone after 

each minute until it finishes the race (reaches the end of the pool). The data will be 
recorded in a table.  

 Each student will plot the points on a graph and create a line for their animal. 
 Students with the same animal will meet with each other to discuss the line they created. 

One person from each animal group will record the line on a class graph. 
  Each student will record the class graph with all the lines onto their individual graph. 
 The class will discuss the relationships between different animals’ lines.  

Assessment: Students will turn in their worksheets.  After the class discussion, each student 
will write a response describing the relationship between the winner’s line and the loser’s line. 
The response will include answers to the following questions which will also be used in the 
class discussion.  How does the steepness of the line relate to how face the animal swam? What 
can be said about the lines of the Manatee and the Sea Turtle? What about the lines of the Killer 
Whale and the Beluga Whale? This response is to assess students’ understanding of the 
relationship between time, distance, and rate of speed.   
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Which Animal Will Win the Race? - Worksheet 

1. Students will draw numbers 1-10 and be assigned the animal that corresponds to 
that number. Use the colored pencil that corresponds to your animal when graphing. 

1. Killer Whale (black)  5. Manatee (yellow) 9. Bottlenose Dolphin (blue)   
2. Sea Turtle (green)  6. Shark (red)  10. Harbor Seal (brown) 
3. Beluga Whale (blue)  7. Sea Lion (purple) 
4. Walrus (pink)   8. Polar Bear (orange) 

2. Go to: http://www.swbg-animals.org/animal-info/info-books/index.htm
3. Click on your animal. 
4. Select Adaptations.  
5. Find the speed of your animal in kph. If there is a range, take the average speed. 

_______________________kph 

6. Convert kph to mph using 1kph= 0.621371192 mph. (round 2 significant figures) 

7. Convert mph to feet per minute using 1 mph= 88 feet per minute. (round 2 
significant figures) 

8.      
Use this formula to find where your animal is in the pool at each minute until they 
reach the end (remember the pool is 2850 feet long). Show your work. You may 
need more or less cells than are provided. Draw them in neatly if necessary. 

What is the Velocity? 
__________________

When does your animal reach the end of the pool? Give exact time rounded 2 significant 
figures. Show your work. Report your time and final distance in the data table. 

Time 
(minutes)

Distance 
(feet) 

0 0 
 1  
2  
3  
4  
5  



Authentic Assessment in Algebra NCCTM 2009

9. Plot the data in the graph. Be sure to title your graph, label the x and y axis, and 
create a legend. Use the colored pencils that correspond to the animals (see above). 

Title 

       Distance 

Time 

10. Class Discussion: 

Questions to help guide discussion and response: 

 What is the relationship between time (in minutes) and distance (in feet)?  
 Analyze the graph. What conclusions can be drawn between the winner’s line 

and the loser’s line? 
 How does the steepness of the line relate to how fast the animal swam? 
 What can you say about the lines of the Manatee and the Sea Turtle? The lines 

of the Killer Whale and the Beluga Whale? 

11. On a separate sheet of paper, write a response describing the relationship between 
the race winner’s line and the loser’s line. Include answers to the questions given 
above. Use the class discussion to guide your thinking.

Turn in this paper and your worksheet before leaving class. 
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Which Animal Will Win the Race? - Scoring Rubric 

 Below Expectations 

0          1 

Satisfactory 

2          3 

Excellent 

4          5 
Internet Research Student required 

assistance navigating 
the internet and 
gathering information 
from sources. 

Student navigated the 
internet and found 
information from 
sources. 

Student navigated 
the internet 
effectively and found 
information with 
ease. 

Conversions Student required 
assistance doing 
conversions. The 
conversions are not 
accurate. 

Student completed 
conversions. 
Conversions are mostly 
accurate. 

Student completed 
conversions with 
ease. Properly 
labeled the changes. 

Data Table Data table contains 
several inaccuracies 
and/or is not neat. 
There is no work to 
show how the data 
was found. 

Data table is mostly 
accurate. Some work is 
given to show how the 
data was found 

Data table is accurate 
and neat. Work is 
neatly given to show 
how the data was 
found. 

Graph Graph does not 
accurately represent 
the data. It has 
inaccuracies and/or is 
not labeled properly 
with a title, axes, and 
legend. 

Graph is almost 
accurate and includes a 
title, axes, and legend. 

Graph accurately 
represents the data.  
Graph includes a 
title, axes, and 
legend. 

Paper 
(Analysis and 
Conclusions) 

The paper does not 
answer the questions. 
It shows no 
thoughtfulness in the 
answer. There is a lack 
of justification. The 
paper is poorly 
written, not well 
organized, and has 
several mechanics 
errors. 

The paper answers the 
questions and gives 
some justifications for 
the choices. The 
answer seems to have 
some thoughtfulness. 
The paper is well 
organized with 
complete sentences, 
and few mechanics 
errors. 

The paper answers 
the questions with 
thoughtful 
justifications. The 
paper is well written 
and well organized. 
The writer used 
complete sentences 
and no mechanics 
problems. 
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Sample Solution:    

Commerson’s Dolphin 
12 kph  
12  0.621371192  7.46 
7.46  88    656.17   
656.17     /1
Distance= 656.17 
656.17 (2) = Distance 
Distance = 1312.34 continue. . .  

Pool is 2850 feet long. It will take the Commerson’s 4.34 minutes to complete the race. 

  
  2850

656.17  4.34 

Graph will just be a line with points from the table connected. The x-axis should be labeled time 
and the y-axis should be labeled distance.  

Teacher’s Note: 
The idea of this activity is for students to really understand the relationship between distance and 
time. It is meant to be a precursor to teaching slope.  

Time (minutes) Distance (feet)
0 0 
 1 656.17 
2 1312.34 
3 1968.51 
4 2624.68 

4.34 2850 
5 3280.85 
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Big League Decisions 

Brian Smith 
Wake Forest University 

smitba6@wfu.edu 

Introduction: Using statistical data to make decisions is a common and well-known everyday 
use of mathematics.  Companies and corporations rely heavily on bright mathematical minds to 
make key choices using their skills in statistics.  Major League Baseball is one business in which 
this type of analysis occurs every day, most specifically in the acquisitions of players.  This 
project uses statistics from different players found in a baseball almanac to try and find a 
particular statistic that best predicts a player’s future success.  In this case, at-bats define future 
success and batting average, hits, homeruns, on-base percentage and slugging percentage will be 
tested for their ability to predict success.  Batting average represent the percent of a player’s at-
bat where the player records a hit, on-base percentage is the percent of a player’s at-bat where 
the player reaches base, and slugging percentage is a weighted batting average, in which extra-
base hits take on additional value. 

NCTM Standards: Algebra, Data Analysis & Probability, Communication, Connections, 
Representation, Problem Solving 

NCSCOS Objectives: Algebra II 2.04 Create and use best-fit mathematical models of linear, 
exponential, and quadratic functions to solve problems involving sets of data. 

a. Interpret the constants, coefficients, and bases in the context of the data. 
b. Check the model for goodness-of-fit and use the model, where appropriate, to draw 

conclusions or make predictions.  
Goals:  Students will collect data from the internet and organize it in tables.  They will then 
graph and analyze their data and make conclusions on what they observe. 
Activities: 

 Working in small groups, students will select seven former rookies of the year to research
 Using http://www.baseball-almanac.com/, they will record the batting average, hits, home 

runs, on-base percentage and slugging percentage of the season in which the player won 
rookie of the year. They will also record the player’s lifetime at-bats.

 Students will record the data in a spreadsheet and construct a scatter plot for each 
statistical category.  From this plot they will find a linear regression and a correlation 
coefficient for each set of data

 Each group will discuss their data and decide which category best predicts future success

Assessment: Group work will be assessed informally, through observation and informal 
questioning.  Each individual student will be given a list of five fictional baseball players, and 
will have to write a hypothetical, business letter to the general manager of their favorite baseball 
team about what player should be chosen and why they know he should be chosen by what they 
did with their groups in class.  Students should attach their graphs and tables 
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Directions 

1. Go to http://www.baseball-almanac.com 
2. Scroll over “History” and click on “Awards.” 
3. Click on “Rookie of the Year” and then your player’s name. 
4. Record data in your spreadsheet. 
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Big League Decisions

See http://www.baseball-almanac.com

Player Career At-
Bats 
(AB) 

Batting 
Average 
(AVG) 

Hits 
(H) 

Home Runs 
(HR) 

On-base 
Percentage 

(OBP) 

Slugging 
Percentage 

(SLG) 

Notes: 

All statistical categories with the exception of at-bats should only be taken from the year in 
which that particular player won the rookie of the year.  The abbreviations in the parentheses are 
how each statistic is represented in the table on the website. 
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Sample Student Work 

*students will make a scatter plot and linear regression for all five statistics vs. at-bats

Player Career At-
Bats
(AB)

Batting 
Average 
(AVG) 

Hits 
(H) 

Home Runs 
(HR) 

On-base 
Percentage 

(OBP) 

Slugging 
Percentage 

(SLG) 

Alvin Davis 
4240 0.284 161 27 0.391 0.497

Ron Kittle 
2708 0.254 132 35 0.314 0.504

Ozzie 
Guillen 

6686 0.273 134 1 0.291 0.358

Walt Weiss 
4686 0.25 113 3 0.312 0.321

Chuck 
Knoblauch 

6366 0.281 159 1 0.351 0.35

Derek Jeter 
8025 0.314 183 10 0.37 0.43

Nomar 
Garciaparra 

5426 0.306 209 30 0.342 0.534

y = 48530x ‐ 8154.1
R² = 0.44070

1000
2000
3000
4000
5000
6000
7000
8000
9000

0.24 0.26 0.28 0.3 0.32 0.34

A
t‐
Ba

ts

Batting Average
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Big League Decisions – Scoring Rubric

Major League 

5                  4 

Minor League 

3                 2 

Little League 

1               0 

Internet Research Students effectively 
navigated website and 
easily gathered 
information from online 
almanac 

Students navigated website 
and gathered information 
from online almanac 

Students required 
assistance to navigate 
website and gather 
information from online 
almanac 

Data Table Data is presented 
accurately and neatly in 
the table 

Data is presented mostly 
accurately and neatly in 
table 

Data table contains several 
inaccuracies and/or is not 
neat 

Scatterplot/Regression Scatter plot is appropriate 
and accurately represents 
data. Linear regression is 
graphed with points, 
includes title, labels and 
correlation coefficient 

Scatter plot is appropriate 
and mostly accurate. 
Linear regression is 
graphed and includes title, 
labels and correlation 
coefficient 

Scatter plot may not 
appropriately represent 
data and has inaccuracies. 
Linear regression is 
missing important 
information 

Analysis and 
Conclusions 

Students carefully 
analyzed the information 
collected and drew 
appropriate conclusions 
supported by evidence. 
Mathematical reasoning 
was evident 

Student’s conclusions 
could be supported by 
stronger evidence. Level 
of analysis could have 
been deeper. Mathematical 
reasoning was mostly 
evident 

Student’s conclusions 
simply involved restating 
information. Conclusions 
were not supported by 
evidence. Mathematical 
reasoning was not evident 

Business Letter The letter looks 
professional and is clearly 
written. It has no 
grammatical errors and 
effectively portrays the 
student’s conclusions 

The letter looks 
professional and is mostly 
clear. It contains few 
errors and does a good job 
of portraying the student’s 
conclusions 

The letter is poorly 
organized and is unclear.  
It contains many 
grammatical errors and 
does not portray the 
students’ conclusions 

Total: 

Comments 
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Undersea Treasure

Jeffrey Williams

Wake Forest University

Willjd9@wfu.edu

INTRODUCTION: Everyone wants to find a treasure in their life, especially when it deals with
money. Many movies come out each year about pirates, shipwrecks, and findings of lost gold.
This project uses an online video to explain how a mathematician used matrices and
probabilities to help find a lost ship and its treasures.

NCTM STANDARDS: Data Analysis & Probability, Communication, Connections, Representation,
Problem Solving

NCSCOS: Algebra 2: Goal 1, Objective 1.04, Operate with matrices to model and solve
problems

MATERIALS: Computers with Internet connection

GOALS: Students will determine probabilities, use matrix operations, and analyze outcomes to
draw conclusions.

ACTIVITIES:

 Show Undersea Treasure video on the futures channel website
 Working in small groups, students will be presented with the activity. 10 survivors will

give accounts of the location of the ship at different time intervals before sinking.
 Students will record the data of the ship�s location from the survivors in the matrices

presented in the handout
 Each group will submit a report, including their complete probability matrix, responses

to questions, and conclusions about where is the location of the ship.

ASSESSMENT: Group reports will be graded using attached rubric. Each individual student will
submit their handout about the data‐driven process and their thoughts of where the location of
the �undersea treasure.�



Authentic Assessment in Algebra NCCTM 2009

Undersea Treasure

1. Go to: http://www.thefutureschannel.com/dockets/hands‐
on_math/undersea_treasure/index.php

2. Watch the video on Undersea Treasure
3. Read the set‐up presented in the handout and complete the handout
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Undersea Treasure

Set‐up

The S.S. Central America was a ship that sank with a lot of gold on it. In fact, it is the largest
treasure in American history. The problem treasure hunters and engineers faced were finding
the large amount of gold on the ocean floor. The head treasure hunter contacted a
mathematician to organize all the data and find the most probable location of the treasure.

In order to solve the location of the treasure on the ocean�s floor, a segmented grid was
developed and zoned off. Each square zone in the grid is 4 miles by 4 miles squared. The
treasure hunters in this class activity know there can only be 5 possible zones, zones 1‐5, where
the treasure can be.

You are given witness accounts from 10 survivors of the shipwreck on the location of the ship at
different times before the ship sinks. The ship moves relative to each zone due to the wind of
the storm and the water current. Each account gives details of the specific zone, above the
ocean floor, they believed the ship was in before sinking downward to the ocean floor. The
time period between when the ship started to sink and actually going under water is broken up
into 5 equal time periods. The information from the survivors is the only information allowing
mathematicians to predict where the ship sank. The zone sequence of the ship�s location is
important to tracking the ship and its treasures on the ocean floor.

You are faced with the same problem as the mathematicians and given the following
information from the ten accounts of the survivors:

  Witness 1 2 3 4 5 6 7 8 9 10 
Time                       

1   Z 1 Z 4 Z 5 Z 1 Z 2 Z 4 Z 5 Z 1 Z 3 Z 3 
2   Z 2 Z 5 Z 1 Z 5 Z 3 Z 2 Z 1 Z 4 Z 2 Z 3 
3   Z 5 Z 3 Z 2 Z 5 Z 5 Z 1 Z 4 Z 2 Z 5 Z 5 
4   Z 4 Z 2 Z 3 Z 5 Z 4 Z 2 Z 5 Z 1 Z 3 Z 3 
5   Z 5 Z 1 Z 1 Z 3 Z 5 Z 3 Z 2 Z 4 Z 4 Z 4 
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ACTIVITY:

1. Use the information in the table to form a matrix (5x10), witnesses in columns and time
in rows. Title headings (witnesses and times) will not be included in the matrix.

2. Now create a probability matrix, giving the likelihood that at a certain time the ship is in
a certain zone. The probability matrix A=(5 x 5) will have time in rows and zones in
columns. (For example, the probability the ship is in zone one during time one is 3/10.
Thus in the probability matrix row 1 column 1 will have component 0.3).

Probability Matrix A

3. What are the highest probable zones for each time period? What are the probabilities
during these time periods?

4. In matrix A, what do the components of each row add up to be? Why?
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5. What zone received the largest percentage of sightings of the ship from the survivors?
How might you tell the zone of highest frequency?

6. Now consider the ship originates in zone 1 during time 1. Use the 1 x 5 matrix
Zone 1 2 3 4 5
B = [ 1 0 0 0 0 ]
to represent the fact by placing 1 in the position for zone 1 and zeros elsewhere. 1
represents that there is a 100% probability the ship started in zone 1 at time one and 0%
at all other zones, which is what we assumed.
What happens when you multiply matrices B x A?

7. Consider the ship sank in the zone of highest probability in the last time period (time
period 5). If the ship sank straight down in to the depths of the ocean, what zone would
you predict the ship to be in?

8. Let the ocean depth be 12 miles at each of the zones of the ship wreck. Let�s say that
after each mile of the ship sinking, the ship changes to the highest probable zone. For
example, between the sea level and the first mile, the ship is at the highest probable
zone in time period 5. If the ship continued the pattern of highest probability
throughout each time period, where might you predict the ship to be 12 miles under on
the ocean floor? Explain.

9. EXPLORATION: Where do you believe the ship to be located on the ocean floor? Will
the ship go straight down like in problem 7? Will the ship toggle between zones of
highest probability like in problem 8? Will the ship follow a different path due to
current, temperature, etc. and if so what kind of path do you think it will follow? Explain.
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Undersea Treasure � Scoring Rubric

Excellent
5 4

Satisfactory
3 2

Below Expectations
1 0

Matrices

______

Matrices are
presented accurately
and neatly in the

given matrix format

Matrices are
presented mostly

accurately and neatly
in the given matrix

format

Matrices are not
completed and/or
contain several
inaccuracies

Analysis and
Conclusions

______

Students carefully
analyzed the

information collected
and drew appropriate

conclusions
supported by
evidence.

Mathematical
reasoning was

evident

Student�s conclusions
could be supported
by stronger evidence.
Level of analysis could
have been deeper.
Mathematical

reasoning was mostly
adequate.

Students� conclusions
simply involved

restating information.
Conclusions were not

supported by
evidence.

Mathematical
reasoning was not

evident

Individual Responses
and Answers

______

The responses given
in each question are
correct, thoughtful,
and provide insight to

understanding.

The responses given
are mostly correct
with a sense of
mathematical
understanding.

The responses given
are not correct and
show no sense of
mathematical
understanding.

Exploration

______

The students�
exploration shows

insight,
thoughtfulness,
creativity, and a
mathematical

explanation to where
the undersea treasure

is located.

The students�
exploration could be

supported by
stronger evidence,
more insight, and
mathematical

explanation to where
the undersea treasure

is located.

The students�
exploration lacks and
shows little to no
evidence and
mathematical

explanation to where
the undersea treasure

is located.
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Sample Solution:

1. 1 4 5 1 2 4 5 1 3 3
2 5 1 5 3 2 1 4 2 3
5 3 2 5 5 1 4 2 5 5
4 2 3 5 4 2 5 1 3 3
5 1 1 3 5 3 2 4 4 4

2.
.3 .1 .2 .2 .2
.2 .3 .2 .1 .2
.1 .2 .1 .1 .5
.1 .2 .3 .2 .2
.2 .1 .2 .3 .2

3. Time Period 1: Zone 1 at 30%
Time Period 2: Zone 2 at 30%
Time Period 3: Zone 5 at 50%
Time Period 4: Zone 3 at 30%
Time Period 5: Zone 4 at 30%

4. The components add up to equal 1. Probability theory: Summation of all possible
outcomes equals 1

5. Zone 5 has seen largest percentage of sightings (either can tell by adding up all the
percentages or adding the frequencies up from matrix in question 1).

6. The matrix B x A will produce a 1 x 5 matrix (1x5 * 5x5 = 1x5 matrix). The matrix will be
[.3 .1 .2 .2 .2], the probabilities of each zone during time period 1.

7. The ship should stay in zone 5, the zone of highest probability.
8. The sequence of zones of highest probability are 1, 2, 5, 3 ,4. Therefore the first mile

the ship will be in zone 4 (last zone of highest probability), the second in zone 1, 2, 5,
3,. . . .1. Between the 11‐12th mile the ship will be located in zone 1, landing therefore
in zone 1. Note that students may have difficulty to being with stating the sequence and
relating it to where the highest probability the ship is located on the ocean floor.

9. Creative answers that use mathematical reasoning are the goal of this question. The
answer could possibly involve a quadratic equation from the highest probability zone to
the ocean floor (water current constant, speed of ship increases as it gets deeper,
therefore a parabolic curve to where the ship will land in comparison to sea level
position). Alternate answers can be accepted, even creative ones. The ship probably
does not go down straight or alternate between the zones like in questions 7 and 8.


