Math 114Q Final Examination Answers
Section 10 
Spring 2007
1. The World Time Organization is proposing that we convert to a metric time measurement system. The basic unit would be the chron; a day would be 10 chrons long.  Use this information to answer the following questions.  Make sure you show supporting work.  A metric prefix chart is provided, if you wish to use it.
a. How many kilochrons are there in a year? Years in a kilochron?

365 days/year * 10 chron/day * 1 kilo/1000 = 3.65 kilochron/year


1/ (3.65 kilochron/year) =  0.274 years/kilochron

b. How many seconds in a millichron? Millichron in a second?

60 seconds/minute * 60 minutes/hour * 24 hours/day * 1 day/10 chron                     * 1/ (1000* milli)  = 8.64 seconds/millichron

1/ (0.8.64 seconds/millichron) =  0.116 millichron/second
c. If we switch to this new system, the Department of Transportation will need to replace its speed limit signs.  What would the following speed limit sign look like if miles per hour were converted to kilometers per chron? (You may use the information that 1 mile = 1.609 kilometers.)

[image: image5.wmf]55 miles/hour * 24 hours / 10 chron * 1.609 km/mile                                                             = 212.388  km/chron. The speed limit sign would show 210 instead of 55.

25 miles/hour * 24 hours / 10 chron * 1.609 km/mile           = 96.54  km/chron. The speed limit sign would show 95 instead of 25.  
Metric Prefixes for Powers of 10

	milli-
	10-3

	centi-
	10-2

	deci-
	10-1

	(unit)
	100

	Deka-
	101

	Hecto
	102

	Kilo
	103


2. [image: image6.wmf]Class size

Number of 

sections

0-9

253

10-19

288

20-29

425

30-39

222

40-49

19

50-99

45

100 - 199

15

Total

1267

The Office of Institutional Research at UMass Boston collected data about class size in 2005.  Their results are contained in the following table.  
a. Use this data to estimate the mean, median and mode class sizes at UMass Boston in 2005.  Show your work clearly if you do it here. If you create a spreadsheet, explain here what you did there and print and submit the spreadsheet. (Note:  the mode is the data value with the highest frequency.)  

Mean: about 24 students per section.

To find the mean I need to find the total number of students enrolled and divide by the total number of sections. (This is just like the computation we did in class for the mean household income.) The total number of sections is known – it’s 1267. To estimate the total number of students I use the average of the range for each range – that is, I suppose that all the classes with between 0 and 9 students have 4.5 students each. (Of course that’s not right – but it’s the best I can do with the crude data.) Since there are 253 of those classes, they account for 4.5 * 253 = 1138.5 students. That’s the first entry in the fourth column of the spreadsheet below. I compute the rest of the column the same way, and add to get a total of 29826.5 student enrollments. That’s reasonable – I know there are about 10,000 students. This figure suggests that the average load is three courses per student, which makes sense. Finally, the mean is 29826.5/1267 = 23.54104183. All those decimal places are meaningless. Even rounding to 24 students per section is asking too much precision of the data.

	class size
	average
	 # sections
	 # students
	running sum
	running sum/total

	 0 - 9
	4.5
	253
	1138.5
	253
	0.19968429

	 10 - 19
	14.5
	288
	4176
	541
	0.4269929

	 20 - 29
	24.5
	425
	10412.5
	966
	0.76243094

	 30 - 39
	34.5
	222
	7659
	1188
	0.93764799

	 40 - 49
	44.5
	19
	845.5
	1207
	0.95264404

	 50 - 99
	74.5
	45
	3352.5
	1252
	0.98816101

	 100 - 199
	149.5
	15
	2242.5
	1267
	1

	totals
	
	1267
	29826.5
	 
	


Far too many people simply divided 1267 by 7 and reported a mean class size of 181 students! I wish they’d looked at that number and said “no way the average class size at UMass Boston is 181 students. I must have done something wrong.” Some took that 181 and decided for some reason that it corresponded to a class size of 30-39. That’s at least a reasonable wrong answer.
Median: about 22 students per section.

To find the median I computed the number of sections up to each size. There are 253+288=541 sections with 0-19 students and 541+425=966 sections with 0-29 students. Now 541 is less than half the 1267 sections and 966 is more than half, so the median size is bigger than 10-19 and smaller than 20-29, but closer to the former than the latter. So I guess about 22. If I check the histogram below I can see that 22 just about divides the total area in half, so I like that answer.
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The histogram also shows me how the data is skewed to the left, so the median is less than the mean – just as it was when we computed “average” household income in class.

The question should have asked you to draw the histogram.
Far too many people simply noted that there were 7 ranges and reported the middle value of 222 as the median! I wish they’d looked at that number and said “no way the average class size at UMass Boston is 222 students. I must have done something wrong.” Some said that meant a median class size of 30-39. That’s at least a reasonable wrong answer, even though the argument is wrong.
Mode: 20-29 students per section.

This was the easiest of the three, and the only one most people got right. There are more sections with this range of sizes than any other range, so the most common size for a section is 20-29 students. That answer makes sense if I think about the size of most of the classrooms on campus.

b. If you were writing an advertisement for UMass Boston and wanted to highlight class size, which average would you use?  Why?      
Use the median, since it’s the smallest and makes the best impression
3. Open the Excel file DinoData.xls, located in the Final Exam Folder on the desktop of your computer. These data show the length, in centimeters, of the humerus bone and the total wingspan, in centimeters, of several pterosaurs, which are extinct flying reptiles.  (Data source:  Southwest Educational Development Laboratory)
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Picture source: www-news.uchicago.edu/releases/03/031218.pterosaur.shtml

Use the data file for the following:

a. Make a scatter plot of the data.  Label your graph clearly and completely.
This was straightforward. Most people did it easily. Some had the data points connected by lines on the chart, which is an error.

b. Use Excel to find the equation for the trendline and the R2-value.

c. Put your name on your graph and print it.  Make sure you use Print Preview before printing.  The graph should be on one page.

d. How good a fit is this trendline to the data?  How do you know?  Write your answer using complete sentences.

R squared is 0.9764, which is pretty close to 1. And the line seems to approximate the points pretty well. So I’d say the fit is good.
e. An archeologist finds a 28 centimeter long humerus bone from a pterosaur.  Use your trendline equation to estimate the wingspan of this pterosaur.  Show all work.

The slope of the trendline is 23.557 cm of wingspan / cm of humerus. The intercept is  -24.427 cm of wingspan. So the estimate is 23.557 * 28  - 24.427 = 635.169 cm of wingspan. That should be reported as 635 cm, or, better, 640 cm since we have just two significant digits for the measured humerus length.
Note: one student asked “what in the world is an archaeologist doing digging up dinosaur bones? Archaeologists dig up human related things only, and since humans and dinos were not coexistent this never happened. Paleontologists dig up dino bones.”
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4. In fall 2005, tuition and fees for an in-state undergraduate student enrolled full-time at UMass Boston totaled $4133.  In fall 2006, this total was $4273.  
a. Use this information to construct a linear model and an exponential model to predict tuition and fees for future years.  Show all work.
Linear model:  

slope = 4273-4133 = 140 $/year

Equation is



Cost = 140 * (years since 2005) + 4133

Exponential model:

Annual growth = 4273/4133 = 1.0338737, or about 3.4% per year

Equation is 


Cost = 4133 * 1.0338737(years since 2005)
Linear model:  

slope = 9989-9660 = 329 $/year

Equation is



Cost = 329 * (years since 2005) + 4133

Exponential model:

Annual growth = 9989/9660 = 1.0338737, or about 3.4% per year

Equation is 


Cost = 9660 * 1.03405797(years since 2005)
b. Use each model from part (a) to predict tuition and fees for fall 2009 for a full-time in-state undergraduate student.  Label your answers clearly and show all work.
I put the formulas into Excel. You can do it just as easily with a calculator. 
	year
	 
	linear
	exponential

	2005
	4133
	4133
	4133

	2006
	4273
	4273
	4273.000002

	2007
	
	4413
	4417.742322

	2008
	
	4553
	4567.3876

	2009
	
	4693
	4722.101918

	
	
	
	

	
	
	
	

	year
	
	linear
	exponential

	2005
	9660
	9660
	9660

	2006
	9989
	9989
	9989

	2007
	
	10318
	10329.20507

	2008
	
	10647
	10680.99684

	2009
	
	10976
	11044.76992


c. Which model presents the best scenario for students for the time period 2005 to 2009?  Explain your answer.

Clearly it’s better for students if costs increase linearly rather than exponentially. In fact you could have predicted that even without doing the arithmetic, since this is just like the compound interest scenario we discussed extensively in class.  Here’s the picture, from Excel – not a very large difference over a four year span.
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If you use a rounded increase of just 3% per year in the exponential model you get the wrong answer to this part of the problem.

5. Open the file BostonEducation.xls, located in the Final Exam Folder on your desktop.   This file provides information from the U.S. Census on the highest educational levels attained by adults in the Boston metropolitan area in the decade from 1990 to 2000. 

a. Calculate the total population aged 25 and over in 1990 and in 2000.   You may write your answers on this page or put them into the Excel spreadsheet.

b. Fill in the Percent of Total columns.  Either write your answers on this page or use Excel and print your spreadsheet.
c. Use the data and your calculations (along with any other calculations you may want to find) to describe two important trends in the highest educational level attained by adults in the Boston area during this time period.  
d. Use the data and your calculations (along with any other calculations you may want to find) to describe two important trends in the highest educational level attained by adults in the Boston area during this time period.  

I used Excel. I formatted the percentages with two decimal places to make them easier to read. I added some columns to compute the changes in each category, in percent and in percentage points. And I fixed a spelling error in the last cell in the first column. 

The data document the extraordinary increase in educational attainment in the decade 1990-2000. While the population increased by nearly 9%, the number of adults in each of the lowest three categories actually decreased. I would have expected decreases in the fractions of the population at those levels, but not in the absolute numbers. In the lowest category the decrease was an astonishing 22%. I wonder what happened to those approximately 60,000 people. They can’t all have died or moved away, so many of them must have gone back to school.

At the other end of the scale, the number of people with advanced degrees has increased by about 155,000 – the largest percentage change in any category.

	Educational Attainment for Population aged 25 and over
	
	

	Boston , MA  metropolitan area
	
	
	
	

	
	
	
	
	
	
	

	 
	1990 Number
	1990                   Pct of Total
	2000 Number
	2000                   Pct of Total
	 Pct change
	Pct point  change

	Less than 9th grade
	295,396
	7.90
	231,567
	5.69
	-21.61
	-2.21

	Some high school, no diploma
	433,105
	11.59
	373,396
	9.18
	-13.79
	-2.41

	High school graduate
	1,097,518
	29.37
	1,092,550
	26.85
	-0.45
	-2.51

	Some college, no degree
	599,382
	16.04
	698,575
	17.17
	16.55
	1.13

	Associate degree
	271,701
	7.27
	297,037
	7.30
	9.32
	0.03

	Bachelor's degree
	639,780
	17.12
	820,090
	20.16
	28.18
	3.04

	Graduate or professional degree
	400,155
	10.71
	555,185
	13.65
	38.74
	2.94

	Total population age 25+
	3,737,037
	100
	4,068,400
	100
	8.87
	 


6. In "Sending our Kids to College" on page A17 of the May 11 Boston Globe Joe Campanelli and Bob Giannino-Racine write that "over 18 years, $1000 set aside at birth can finance an education.” Assume that the $1000 was successfully invested.  Do you agree with their statement? (Just “I do” or “I don’t” isn’t a good answer. Support your opinion with quantitative reasoning you learned in this course.)

Here is the text of my letter to the Boston Globe, which they printed on Tuesday, May 15. If you read it you’d have known one way to do this problem (there are others equally good).
To: letter@globe.com

CC: eb@cs.umb.edu

Subject: paying for college

Date: Fri, 11 May 2007 09:32:33 -0400 (EDT)

To the editor

Joe Campanelli and Bob Giannino-Racine write that "over 18 years,

$1000 set aside at birth can finance an education." ("Sending our kids

to college," Boston Globe, May 11, page A17) A few weeks ago my

quantitative reasoning class at UMass Boston learned that money

invested at an annual rate of r% will double in about 70/r years. So

they know that if you could find a 10% return your $1000 would grow to

$2000 when your kid was 7, $4000 when she was 14 and $8000 when she was 21. Not enough for even one year at UMass Boston 21 years from now, hardly enough to finance an education.

Sincerely

Ethan Bolker

Professor of Mathematics and Computer Science

UMass Boston
The actual shortfall is even more than this suggests. $8000 doesn’t cover a year at UMass Boston now, and the computation I made does not take into account increases in college cost. In a previous problem we found that increase was about 3%/year at UMass Boston. That would mean an investment earning 10%/year was really earning only 10%-3% = 7%/year toward education costs measured in today’s dollars.

If you could get a 35%-50% return you might be able to pay for an education with that initial $1000 investment. One student suggested guessing the next Microsoft and buying their stock.

Several people misread the problem. The Globe article does not discuss adding $1000 each year – it explicitly says just “$1000 set aside at birth.”
7. I plan to write a quantitative reasoning textbook. The publisher will want to know the potential market. In your answers to the following questions be sure to document the assumptions you make and the source of any data you find on the internet. 
a. Estimate how many students in college in the United States enroll each year in a quantitative reasoning course like Math 114Q. You may (but need not) start at www.census.gov/population/www/socdemo/school/cps2005.html or nces.ed.gov/programs/digest/d05/tables/dt05_179.asp.

Table 10 in the first link above says that there were17,472 thousand college students in 2005. At UMass Boston there are ten Math114 sections each semester, so 2*10*24 ≈ 500 students per year enroll in Math114. That’s about a quarter of the undergraduates in each class. So I’ll assume a quarter of the students nationwide take QR – that’s about 4 million. But they only take it in one of their four years. That means about a million QR books per year.
b. If 10% of those students use my book (I wish!), how much bookshelf space would it take to hold their copies? Is your answer most appropriately expressed in feet, yards or miles?

10% of a million is 100,000. I plan to write a thin book – between half and three quarters of an inch thick. So I will figure 20 to a foot. Then the books would fill 5,000 feet of shelf space – about a mile.
8. Several questions about this exam:

a. Which of the first six questions do you think I suggested? Why do you think so?

I was primarily responsible for number 1 (the chron) and number 5 (saving for college). I helped edit the others.
b. Which of the first six questions gave you the most trouble? Why?

Most people had the most trouble with #2 (UMass class size). Many people thought they had the most trouble with #4 (UMass tuition and fees). 
c. Are there any topics we covered that I didn’t ask about that you wish I had, because you studied them and understood them?
Several people said they expected more Excel work – but then didn’t use it for questions like #2 and #4. A few were prepared to talk about the difference between energy and power. Some people missed the 70/r rule for doubling an investment – they could have used it to answer question #6.
9. (Optional). This is a difficult, long problem that I originally considered for the exam. I decided not to require it, because the exam is stressful enough without it, and tests what we covered. But I would like to know what you can make of it. So if you’ve reached this point and are comfortable with your answers to the previous questions and have time left, start on it.
This chart appeared in Fortune magazine on May 14, 2007, page 16.
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There are several interesting things to do with the data, which look exponential. You might read the numbers from the graph and put them in a spreadsheet. Then you could create an exponential trendline or compute the annual percent increases in order to estimate the value of private student loans in years to come. At some time in the not too distant future the estimate will be ridiculously high. How might you know that? You could think about the difference between the dollar values before and after adjustment for inflation. Which will give lower future estimates? Which would be better to use? 

For the moment I have run out of energy …
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_1114795933.xls
Sheet1

		humerus (cm.)		wingspan (cm.)

		24		600

		32		750

		22		430

		17		370

		13		270

		4.4		68

		3.2		53

		1.5		24

		20		500

		27		570

		15		300

		15		310

		9		240

		4.4		55

		2.9		50
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Sheet1

		Class size		Number of sections

		0-9		253

		10-19		288

		20-29		425

		30-39		222

		40-49		19

		50-99		45

		100 - 199		15

		Total		1267

		Source:  UMB Institutional Research
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