Absolute and Relative Quantities

There are two ways to measure numerical data—particularly if the goal is to measure the least and greatest occurrence of some quantifiable variable.

Absolute Quantities

The absolute quantity of a quantifiable variable is a measure of the absolute occurrence of the variable.  It is a “sheer” number.  

For example, the excel file StateLotteries2000.xls contains data on lottery ticket sales.  One could organize the data by sorting ticket sales in descending order.   One would find that Massachusetts, New York, Texas, and California had the highest ticket sales and Montana, Nebraska, Vermont and Idaho had the lowest.  

Relative Quantities

The relative quantity of a quantifiable variable is a measure of the absolute occurrence of the variable in relation to some other quantifiable variable. 

For example, in the previous excel file, one could calculate ticket sales per person by dividing absolute sales by the population of the state.  If that calculation was done and that column was sorted, one would find that Rhode Island, South Dakota, Delaware, and Massachusetts had the highest ticket sales per person and Montana, Nebraska, Arizona, and New Mexico had the lowest.  

While both sorting by absolute and relative quantities gives us valid and accurate information about ticket sales in each state, each gives a different view of the situation.  Which is more informative?  It depends on what question you are attempting to answer.  Usually when dealing with state or country information, a relative quantity is more informative because it allows you to compare states or countries.  If we only look at absolute sales, it is not surprising that states with larger populations (ie, CA, NY, TX, FL) have larger sales and that states with smaller populations (ie VT, SD, MT, RI) have lower ticket sales.  By calculating the relative quantity of ticket sales per person, you are taking the population of the state into account.  

Different types of Relative Quantities

Rate:

Rates are used compare different types of variables (example: tickets per person, miles per hour, or crimes per 1000 people)

Ratio:

Ratio are used to compare the same type of variable from two sources For example: California’s population is 33,872,000 and Oregon’s population is 3,421,000.  Clearly CA’s population is larger but how many times as large?  33,872,000/3,421,000 = 9.90  Calculating the ratio of the populations tells us that CA’s population is almost 10 times as large as OR’s population.

Fraction or Percent:

Fractions or percents are used when comparing part to whole of the same type of variable.  (example: percent of adults with AIDS/HIV)  Percents can also be used to show the relative change.  Percent change is calculate by dividing the absolute change by the original amount.  

The type of data you have will determine what type of relative quantity is appropriate.  

Introduction to Percentages
Absolute Change, Relative Change and Percentage Change

Absolute and Relative Change

We use absolute change to describe the actual increase or decrease from a reference (or old/earlier) value to a new (or later) value:

Absolute Change = new value – reference value

We use relative change to compare the absolute change to the reference value:
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For communication purposes, we convert relative change, which is a fraction (converted to a decimal number) to a percentage (percentage change).  The following are three ways to convert a fraction (decimal number) to a percentage:

· Move the decimal place to the right two places

· Multiply by 100%

· Use the [image: image3.bmp] button in Excel

(which is the same as <Format> <Cells…> <Number> <Percentage>)

For this course, we will generally show percentages formatted to two (2) decimal places.

Examples:

1. During a 6-month period Nokia’s stock doubled in price from $10 to $20.

a. Calculate the absolute, relative and percentage changes in the stock price.

b. When a quantity doubles, what is its relative change?  percentage change?

c. Will you get the same answer if the stock started at $5 and doubled to $10? If a service fee doubled from $25 to $50?

2. The number of DVD players in homes in the United States increased dramatically from 1999 to 2001, from 5.4 million to 25.1 million.  By how many percent did it rise from 1999 to 2001?


3. In 2001, there were 654 drive in theaters in the US, 77% fewer than in 1985.   Approximately how many drive in theaters were there in 1985?


4. Enrollment at DePaul University has grown by 36% from 1990 to 2001.  If the Fall 2001 enrollment was 21,363 students then what was the total enrollment in 1990? 

5. The January 14, 2002 issue of Sports Illustrated reported that the average home attendance for the Washington Wizards in 2000-01 season was 16,075.  Since Michael Jordan’s return as a NBA player, the average attendance at Wizards home games has grown to 20,874 for the 2001-02 season.  What percent increase does this represent? 

A mixture of Problems

The different types we discussed in class:

· Percentage Change

Absolute Change

Percentage More Than

Percentage Less Than

Reverse Percent

· Percentage Of

· Successive Percent

1.  In 2000 there were 1,053,000 African-Americans in the city of Chicago, out of a total population of 2,896,000.  What % of Chicago’s population was African-American?

2.  54% of the DePaul student body is female.  The total student body population is 21,000.  How many females are there at DePaul?

3.  There are 533,200 people between the ages of 25 and 35 in the city of Chicago which is 18.41% of the city’s population.  What is the population of the city?

4.  In 1992 the population of the US was about 257 million.  In 2002, it was about 289 million.  By what percent did the population increase?

5.  Blue Bag recycling in Chicago increased from 94,000 tons in 1996 to 296,360 tons in 2000.  What was the percent increase in the number of tons recycled?

6.  In a 25 year period, the percentage of the world’s population living in developed countries changed from 27% to 20%.  

a.  This represents a decrease of how many percentage points?

b.  This represents what percentage change?

7.  The life expectancy in Canada is 79.1 years; the life expectancy in the US is 76.0 years.  

a.  By how many percent is the life expectancy of Canada higher than the life expectancy in the US?  

b.  By how many percent is the life expectancy of people in the US lower than the life expectancy in Canada?

8.  Sales tax is 9.75%.  You buy an item for $37.00.  What is the final price of the article?

9.  In 1997 DePaul’s freshman enrollment was 1234 students.  Over the next four years, the freshman class grew by 66%.  What was the Fall 2001 freshman enrollment?

10.  In 1999, the number of crimes in Chicago was 231,265.  Between 1999 and 2000 the number of crimes decreases 5%.  How many crimes were committed in 2000?

11.  Spot prices for crude oil are rather volatile.  From 1998 to 1999, spot prices for crude oil decreased by 28%.  From 1999 to 2000, they increased by 106%.  What was the percentage change over the two year period from 1998 to 2000?

12.  According to the official 2000 census, the Hispanic population of the US in 2000 was 35,306,000.  The population had risen an astounding 57.9% from 1990 to 2000.  What was the Hispanic population in 1990?

13.  During a 25% off sale, you buy an item for $22.50.  What was the original price of the item?

14.  Cell Sites are the basic geographic unit of a wireless PCS or cellular system.  A city or county is divided into smaller "cell" each of which is equipped with a low-powered radio transmitter/receiver.  The cells can vary in size depending upon terrain, capacity demands, etc.  By controlling the transmission power, the radio frequencies assigned to one cell can be limited to the boundaries of that cell.  When a wireless PCS or cellular phone moves from one cell toward another, a computer at the switching office monitors the revenue generated by subscribers' calls outside of their system. In 1995, there were 22,663 cell sites and that number grew to 162,986 cell sites in 2003.   

In 2003 the average cell phone bill was $49.91 and the average call length was 2.87 minutes. The number of subscribers increased from 33,786 thousand in 1995 to 158,722 thousand in 2003.  The cellular telephone industry employed 21,382 people in 1990.  That number rose to 184,449 people in 2000 and to 205,629 people in 2003.

a.  If the average monthly cell phone bill was 38% lower in 2003 than it was in 1990, what was the average monthly cell phone bill in 1990?

b.  The number of cell sites tripled from 1995 to 1998.  How many cell sites were there in 1998?

c.   How many cell sites were there per 10,000 subscribers in 1995?  in 2003?  Has the number of cell sites per subscriber increased or decreased from 1995 to 2003?  What does the number of cell sites per 10,000 subscribers infer (if anything)? Show your work.

d.   The number of cellular telecommunications employees increased 10.4% from 2000 to 2001 and decreased 5.5% from 2001 to 2002.  What was the over percent change in the number of employees from 2000 to 2002?  How many cellular telecommunications employees were there in 2002?

Percentage Problems

Instructor Examples

“Percentage Of”

In Chicago in the year 2000, there were approximately 1.053 million African Americans, 907 thousand whites (non-Hispanic), and 754 thousand Hispanics, and 181 thousand others (other races or two or more races).  What percentage of Chicagoans in 2000 were of Hispanic origin?

Answer:  754/(1053+907+754+181)=26%

54% of DePaul’s student body of approximately 21,000 is female.  Approximate how many females attend DePaul?

Answer: 21,000*.54=11340

Percentage Change (Note second problem is over 100%)

Chicago’s population grew from 2.78 million in 1990 to 2.90 million in 2000.  By how many percent did it grow?

Answer: (2.90-2.78)/2.78=0.043=4.3%

In 1996, 94,007 tons of waste was recycled in Chicago’s blue bag recycling program. In the year 2000, 296,363 tons were recycled.  By how many percent did it increase from 1996 to 2000?

Answer: (296,363-94,007)/94,007=2.15=215%

Percent More Than; Times More Than

The life expectancy in Canada is 79.1 years; the life expectancy in the US is 76.0 years.  

By how many percent is the life expectancy of Canada higher than the life expectancy in the US?

Answer: (79.1-76.0)/76.0=0.041=4.1%

How many times as large is the life expectancy of Canada than the life expectancy in the US?

Answer: 79.1/76=1.041

By how many percent is the life expectancy of people in the US lower than the life expectancy in Canada?

Answer: (79.1-76.0)/79.1=0.039=3.9%

Successive Percentage Change

Spot prices for crude oil are rather volatile.  From 1998 to 1999, spot prices for crude oil decreased by 28%.  From 1999 to 2000, they increased by 106%.  What was the percentage change over the two year period from 1998 to 2000?

Answer:  100% - 28% = 72%

                72% + 106%*72% = 148.32%

                It increased by 148.32% - 100% = 48.32%

Reverse Percentage Change

According to the official 2000 census, the Hispanic population of the US in 2000 was 35,305,818. It rose by an astounding 57.9% from 1990 to 2000.  What was the Hispanic population in 1990?

x  + .579*x=35,305,818

x*(1 + .579)= 35,305,818

x = 35,305,818/1.579

x= 22359606

Deriving the Successive Percent Formula

Goal:  Our goal is to calculate the overall percentage change between the Final Value (F) and the Beginning Value (B) when you are given the intermediate percentage decreases.   

Example:  Jeans are on sale for 40% off the retail price which is our Beginning Value.  If you have a coupon, you can receive an additional 20% off the sale price.  What is the overall percentage savings?

Deriving the Formula:  We learned in activity 3 that the overall percentage change doesn’t depend on the Beginning Value (B).  Can we show this by determining a process (formula) that includes just the two percents?

Variables:


B = Beginning Value


I = Intermediate Value


F = Final Value


P1 = First percent decrease

P2 = Second percent decrease

Determining the process:

With Variables

With Numbers (this is considered the “long way”)

B - B∙P1 = I


(40 - 40∙.40) = 24

I - I∙P2 = F


(24 - 24∙.20) = 19.20

(F – B) / B


(19.20 – 40) / 40 = -.52 or 52% savings

Rewrite the first equation:
B - B∙P1 = I as:



B∙(1 – P1) = I

Rewrite the second equation as: 
I - I∙P2 = F as:

  




I∙(1 - P2) = F

Using the final equation, the goal is to get the entire equation in terms of B, P1 and P2.
Substitute F with I∙(1 - P2) to get:



(I∙(1 - P2) – B) / B

Substitute I with B∙(1 – P1) to get:



[B∙(1 – P1) ∙(1 - P2) – B] / B

The B’s cancel out to arrive at:
(1 – P1) ∙(1 - P2) – 1

For percents that increase, substitute “+” for “-“.  The final formula that works for all successive percent problems is:

Overall Percentage Change (Successive Percent) = (1 ± P1) ∙(1 ± P2) – 1

Situation to Discuss in class:

A politician promises, “If elected, I will cut your taxes by 20% for each of the first three years of my term, for a total of 60%.” Evaluate the promise.
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