
ELEMENTARY ALGEBRA

2

Problems and Issues in Public Health (MAT096)

This course provides a careful treatment of elementary 
algebra,	beginning	with	the	line/linear	equation,	end-
ing	with	the	parabola	/quadratic	equation,	and	empha-
sizing the interplay between geometric and algebraic 
representation. Topics include graphing, systems of lin-
ear	equations,	functional	concepts,	rules	of	exponents,	
polynomial algebra, factoring, rational expressions, 
complex	 fractions,	 radical	 expressions,	 and	 the	 qua-
dratic	 formula.	 Applications	 to	 linear	 and	 quadratic	
modeling are featured. 
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Projected Deaths for Selected Causes to 2030
Amakoe Gbedemah
Department of Mathematics, Engineering, and Computer Science

Objectives 
Through studying graphs and the trends they indicate, 
this assignment will help our students to become aware 
of certain deadly diseases that people throughout the 
world face today. Students will apply and review their 
ability	to	solve	a	system	of	linear	equations	and	find	the	
value of a function. At the end of this project, students 
should be able to see the relevance of math to real-life 
situations and be able to interpret a graph and draw a 
critical conclusion from it. 

Reflection
This activity is based on a graph provided by the World 
Health	Organization	(WHO).	The	WHO	website	is	a	
good source to obtain important information. The cap-
tion of the graph provides useful reading material, as 
well. Students will be able use the information to find 
the number of deaths due to HIV/AIDS. This is very useful for our students because during the 
course of their college life, they have to take the CUNY Proficiency Exam (CPE) where they will 
have to do the same thing: read a passage, draw information from the reading and use the infor-
mation	to	answer	some	questions.

The mobilization against HIV/AIDS and the movement to raise public awareness was more active 
before 2005. Although such efforts still continue today, many people have a misconception about 
the AIDS epidemic. They seem to think that it is over and thus do not take HIV/AIDS preven-
tion seriously. Many young kids in our schools are not aware of the disease at all. Some people 
erroneously think that the number of HIV cases is decreasing. This project is a wakeup call for 
our students because it clearly shows that the number of deaths related to HIV/AIDS is actually 
increasing.

This project should be assigned in the ninth week of the semester. It is a very comprehensive 
activity	as	it	contains	the	major	topics	of	MAT096	(linear	equations,	evaluation	of	expressions,	
functions,	systems	of	equations,	solving	an	equation,	and	square	roots).	The	activity	should	be	
introduced	after	covering	all	of	these	topics.	It	is	also	wise	to	introduce	square	roots	before	assign-
ing this project. 

Activity Overview
The	project	is	introduced	after	teaching	the	concept	of	square	root	and	its	properties.	The	instruc-
tor	should	review	previously	taught	topics,	such	as	solving	systems	of	equations	and	linear	equa-
tions. The handout has a number of different graphs that the instructor has to explain in class 
when introducing the project because MAT096 students are not expected to be familiar with the 
appearance of various functions on a graph.

Because the project is assigned late in the semester, the instructor might give students a chance to 
turn in a draft before the final paper. At the end of the first week, the instructor should collect the 

Math Topics 
Linear equation, solving an equation, 
solving systems of equations, 
functions, and square roots

Purpose 
Synthesis

When to Introduce  
Week 9 

Activity Time Frame 
One hour class-time and two weeks to 
complete the whole assignment
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first drafts, return them with comments and suggestions to students, and discuss some common 
mistakes in class, then give another week for completing the project. 

It is also helpful to create a forum on an electronic discussion board where students can discuss 
the development of their papers. The instructor should participate in the discussion forum and 
reply to students’ comments. I have also used email exchanges to keep students on track, but I 
strongly encourage using the discussion board on an electronic course management system for 
this project. 

Materials and Resources
1. Handout

2.	 Reading:		World	Health	Organization.	(2007).	Ten statistical highlights in global health, 
Part 3 – Future health: Projected deaths for selected causes to 2030. Retrieved January 29, 2009, 
from	World	Health	Organization	Statistical	Information	System	(WHOSIS):		http://www.who.
int/whosis/whostat2007_10highlights.pdf 

3. Google or seach engine

4. Class notes
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Handout: Projected Deaths for Selected Causes  
to 2030 
Gbedemah | Elementary Algebra – Problems and Issues in Public Health 
(MAT096)

Introduction 
Given	a	graph	(or	a	set	of	points),	mathematicians	can	find	the	best-fit	equation	that	represents	
such	a	graph.	Having	such	an	equation	allows	mathematicians	to	analyze	the	behavior	of	the	
graph.	This	technique	can	be	applied	to	a	real-life	situation	so	that	one	might	be	able	to	predict	
the	trend.	In	this	project,	we	will	try	to	find	the	approximate	linear	and	non-linear	equations	
to project the number of deaths caused by different diseases. Please read the statistics in Part 3, 
page	12	of	the	World	Health	Organization	article,	Ten statistical highlights in global health. Part 
3 is called Future health: Projected deaths for selected causes to 2030: http://www.who.int/whosis/
whostat2007_10highlights.pdf.

Questions
Based	on	the	reading,	answer	the	following	questions.

1. Classify the different types of diseases on the graph as communicable or non-communicable. 
You	might	answer	this	question	by	using	references	in	our	library	or	searching	on	the	Inter-
net.
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2. Based on the graphs, which one(s) look linear and which one(s) non-linear?
a. Classify the linear functions as either increasing or decreasing. Give two reasons why 

that is the case.
b.	 Do	you	think	the	non-linear	function	is	quadratic,	cubic	or	square	root	function

3.	 Suppose	the	HIV/AIDS	graph	starting	from	2010	can	be	described	by	a	square	root	func-
tion of the type H(t) = a  + b  where a, b are constant, H(t) is the number of projected 
global deaths (in millions) in years after year 2000. Solve for the constant using the points   
(10,2.5) and (30,6.5), assumed to be on the graph. Round your answer to 4 digits after 
the decimal point.

4. Use your result from part (3) to fill in the table below.

5. Based on your calculation or analysis, do you think that at some point in time, the number 
of deaths due to HIV/AIDS will decrease? Give a brief explanation.

6. Approximately in what year will the number of deaths due to HIV/AIDS in the world reach 
4 and 6 million?

7. Reflection: With the advancement in medicine, one would expect a significant decrease of 
deaths	due	to	HIV/AIDS.	Based	on	the	information	provided	by	the	WHO,	this	is	not	the	
case. Write an essay of at least half a page. Describe (a) possible reasons why HIV/AIDS 
cases are still increasing; and (b) what a world citizen can do to decrease the number of 
deaths due to HIV/AIDS.

Projected Deaths for Selected Causes to 2030

t 9 10 15 16 20 25 30

H(t)
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Predicted statistics have an important and useful role 
in helping to inform planning and strategic decision-
making, and in prioritizing research and development 
issues. According to projections carried out by WHO and 
published in early 2006, the world will experience a sub-
stantial shift in the distribution of deaths from younger 
age groups to older age groups, and from communicable 
diseases to noncommunicable diseases during the next 25 
years. Large declines in mortality are projected to occur 
between 2002 and 2030 for all of the principal commu-
nicable, maternal, perinatal and nutritional causes, with 
the exception of HIV/AIDS. Global deaths from HIV/
AIDS are projected to rise from 2.8 million in 2002 to 6.5 
million in 2030 under a baseline scenario that assumes 
antiretroviral drug coverage reaches 80% by 2012.

Although age-specific death rates for most noncom-
municable diseases are projected to decline, the ageing of 
the global population will result in signifi cant increases 

in the total number of deaths by most non-communi-
cable diseases over the next 30 years. Overall, noncom-
municable conditions will account for almost 70% of all 
deaths in 2030 under the baseline scenario. The pro-
jected 40% increase in global deaths resulting from injury 
between 2002 and 2030 is predominantly due to the 
increasing number of deaths from road traffic accidents.

The four leading causes of death globally in 2030 are 
projected to be ischaemic heart disease, cerebrovascular 
disease (stroke), HIV/AIDS and chronic obstructive 
pulmonary disease. The total number of tobacco-attrib-
utable deaths is projected to rise from 5.4 million in 2005 
to 6.4 million in 2015 and to 8.3 million in 2030. Tobacco 
is projected to kill 50% more people in 2015 than HIV/
AIDS and to be responsible for 10% of all deaths.

Reading: Projected Deaths for Selected Causes  
to 2030   
Gbedemah  Elementary Algebra – Problems and Issues in Public Health (MAT096)

Source:	World	Health	Organization.	(2007).	Ten statistical highlights in global health, Part 3 – 
Future health: Projected deaths for selected causes to 2030. Retrieved January 29, 2009, from World 
Health	Organization	Statistical	Information	System	(WHOSIS):		http://www.who.int/whosis/
whostat2007_10highlights.pdf   

Future health: projected deaths for selected causes to 2030
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Basal Metabolic Rate
Arnold Glick
Department of Mathematics, Engineering, and Computer Science

Objectives 
Through studying graphs and the trends they indicate, 
this assignment will help our students to become aware 
of certain deadly diseases that people throughout the 
world face today. Students will apply and review their 
ability	to	solve	a	system	of	linear	equations	and	find	the	
value of a function. At the end of this project, students 
should be able to see the relevance of math to real-life 
situations and be able to interpret a graph and draw a 
critical conclusion from it.  

Reflection
The BMR formulation is rather advanced for this basic 
skills course. However, given the common concerns 
about exercise and weight control management, I 
thought the topic would be both interesting and use-
ful to students. Furthermore, since the major theme of our PQL project was nutrition and public 
health, I felt it was important and realistic to introduce this concept. The first part of this project 
emphasized the ability to calculate the BMR for different variable values. In the second part, 
students applied an activity factor to the BMR result to determine a total metabolic value (energy 
expenditure). The activities focus on many of the topics in the MAT096 syllabus including: linear 
equations,	concept	of	a	slope,	numerical	calculation,	graphing,	and	graph	interpretation.

The	BMR	function	is	a	linear	function	which	requires	the	manipulation	of	three	variables	(height,	
weight, and age). The discussion of the influence of each variable was completely new to the stu-
dents. They were used to performing computations to obtain a result but apparently not familiar 
with	interpreting	the	consequences	of	changes	in	a	variable,	particularly	when	the	variable	rep-
resents a physical entity. To address this problem we performed a number of calculations chang-
ing one variable at a time to demonstrate that variable’s influence upon the result.

The	second	part	of	this	activity	required	active	student	participation.	Students	were	asked	to	cal-
culate the BMR for family or friends. This process engaged many of the students. Some indicated 
that their family and friends were impressed by the nature of this project and this reinforced the 
students’ interest and participation.

In the third part, students read and interpreted an activity level chart, then estimated the activ-
ity level of the selected individual and applied the corresponding factor to calculate total energy. 
This	phase	showed	students	how	results	output	from	one	process	or	equation	are	often	used	as	
input	for	another	equation	or	process.

Although	students	had	difficulty	interpreting	the	equation	because	of	the	number	of	variables,	a	
good majority of the students were fascinated and remained engaged. In the future, in order to 
address	the	interpretation	issue,	I	will	re-introduce	the	equation	using	only	one	variable,	perform	
several numerical calculations, and discuss the results. Then, I will introduce a second variable to 
the	equation	and	recalculate	the	results	showing	how	the	new	result	is	influenced	by	the	addi-
tional variable. Rather than having students attempt to use all three variables in 

Math Topics 
Linear equations and functional 
notation

Purpose 
Synthesis

When to Introduce  
Week 4  

Activity Time Frame 
This activity will span the middle six 
weeks of the semester
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the BMR formula at once, I will use a step-by-step approach. I believe students will benefit from 
this more staged approach. Furthermore, I will have the students perform calculations fixing two 
variables at a time, vary the third as I did in my demonstration, and then graph the results. Since 
learning graphing skills occurs early in the course, this activity will fit right in. Initially, I had the 
students work individually; in the future I will have students work in groups of two or three. Peer 
activity should strengthen their involvement in the project and increase their understanding of 
the math concepts.

The topic was introduced late in the semester (8th week) and I did not have enough time to 
adequately	cover	all	the	materials	in	the	detail	I	wanted.	I	had	purposefully	introduced	this	activ-
ity in the 8th week so that the students could develop some mathematical maturity and under-
standing. From this first experience, I realized the project could be introduced much earlier in the 
semester	and	consequently	be	developed	more	slowly.	Although	I	did	not	achieve	all	my	objec-
tives, students learned many mathematical concepts such as interpreting a graph, understand-
ing	the	effects	and	consequences	of	variables	on	a	calculation,	and	finally	the	concept	of	using	
a relatively simple and understandable mathematical model to describe energy expenditure. I 
consider this a solid topic, which evokes class participation and interest, develops mathematical 
maturity	and	awareness,	but	requires	a	significant	amount	of	instructor	participation.	

Activity Overview
By	the	end	of	the	first	3–4	weeks	of	the	semester,	the	students	have	been	exposed	to	linear	equa-
tions, graphing, and some functional notation. This project should be introduced at that time 
and continue for approximately the next five weeks. The timeline for the project can be struc-
tured as follows:

First Week
•	 Introduce	the	concept	of	multivariable	calculations.

•	 Graphing	(one	variable,	keeping	the	others	fixed)	and	interpretation.	

Second Week
•	 Present	and	discuss	the	BMR	formula.

•	 Compare	the	corresponding	coefficients	of	the	variables	between	the	men’s	and	women’s	
formula.

•	 Discuss	the	BMR	graph	for	men.	

Third Week
•	 In	class,	perform	some	BMR	calculations	and	assign	some	examples	for	the	students	to	do.	

Fourth Week
•	 Assign	students	the	task	of	calculating	and	graphing	a	BMR	for	women	similar	to	the	one	

discussed in class.

•	 Have	the	students	research	the	equation	on	the	Internet	and	write	a	short	paper	describing	
and discussing the formula and how it is used. 
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Fifth Week
•	 Assign	a	problem	set	where	the	student	calculates	the	BMR	for	family	members	and	friends.

•	 Introduce	and	discuss	the	activity	chart	and	have	the	students	calculate	the	total	estimated	
energy consumption of the people they analyzed in their BMR calculations.

Sixth Week
•	 Research	and	be	prepared	to	discuss	the	differences	between	the	Harris-Benedict	equation	

and	the	Mifflin	equation.

•	 Final	discussion	comparing	the	total	energy	expenditure	of	the	people	in	their	sample	to	
their weight status.

Materials and Resources
•	 Handout	

•	 A	calculator	to	help	perform	calculations

•	 Internet	and	computer	access

The	BMR	equation	is	given	in	the	handout.	For	instructors	who	are	interested	in	knowing	more	
about BMR, the following references provide detailed information:

•	 Cole,	T.	J.	&	Henry,	C.	J.	K.	(2005).	The	Oxford	Brookes	basal	metabolic	rate	database	–	a	
reanalysis. Public Health Nutrition, 8 (7a), 1202–1212 . Retrieved January 29, 2009, from 
http://journals.cambridge.org/action/displayFulltext?type=1&fid=634672&jid=PHN&volume
Id=8&issueId=7a&aid=587472

•	 Mifflin,	M.	D.	,St	Jeor,	S.	T.,	Hill,	L.	A.,	Scott,	B.	J.,	Daugherty,	S.	A.	&	Koh,	Y.	O.	(1990).	A	new	
predictive	equation	for	resting	energy	expenditure	in	healthy	individuals.	The American Jour-
nal of Clinical Nutrition, 51, 241–247. Retrieved January 29, 2009, from http://www.ajcn.org/
cgi/reprint/51/2/241.pdf
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Handout: The Mathematics of Energy Expenditure  
Glick | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Your body uses energy (that is, it burns calories) all the time, whether you are at rest or exercis-
ing.

For this activity we are going to examine a formula that measures the amount of energy the 
body needs at rest and then apply another formula to estimate the energy used for various levels 
of activity. This analysis is important in order to determine the necessary calories you need to 
maintain your body weight or to lose weight. If you burn more calories than you take in, you will 
lose weight, and conversely, if you take in more calories than you use, inevitably you will gain 
weight. If you have a “normal energy balance,” consumption and expenditure is in balance and 
the result is no weight gain or loss.

Basal Metabolic Rate
The Basal Metabolic Rate (BMR) is the minimum number of calories your body needs each day 
(twenty-four hours) to sustain all life functions. It is calculated while the body is at rest and in a 
rest (inactive) state. The calculation is performed after the body has been in a fasting state for 
twelve hours. These “resting” calories, or measure of energy, represent the energy release suf-
ficient	only	for	the	function	of	vital	organs	and	necessary	life	support	systems	of	the	body.	Or,	to	
put	it	another	way,	it	is	the	minimal	caloric	requirement	needed	to	sustain	life	in	a	resting	indi-
vidual. The BMR formula uses the variables of height, weight, age, and gender for the calcula-
tion. There are two separate formulas to account for gender, but they both use the height, weight, 
and	age	variables.	Only	the	coefficients	of	the	variables	and	a	numerical	constant	differ.	A	factor	
that	the	equation	omits	is	body	fat	percentage	(lean	body	mass).	Leaner	bodies	need	more	calo-
ries than less lean ones. This formula is called the Harris-Benedict formula. 

Although	the	Harris-Benedict	equation	has	been	used	for	almost	100	years,	since	the	study	was	
published	in	1919,	new	studies	have	shown	that	in	overweight	or	obese	persons,	this	equation	
is not always accurate, as it tends to overestimate the resting energy expenditure by at least 5 
percent.	(There	is	another	predictive	but	much	more	complex	equation	for	healthy	people	called	
the	Mifflin	equation,	published	in	the	February	1990	issue	of	the	American Journal of Clinical Nutri-
tion.)	For	our	discussions,	we	will	use	the	Harris-Benedict	equation.

Formula notation:
W = weight in pounds

H = height in inches

A = age in years

The formulas are:
BMR for men = 66.47 + 6.22W + 12.7H – 6.8A

BMR for women = 655.10 + 4.36W + 4.327H – 4.7A

In this formula there are three variables that affect the calculation, each having an influence 
upon the result. Let us examine the influence of these variables on the value of the BMR.
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1. The coefficient of the age variable is negative which indicates that the age variable part of 
the calculation is a subtraction factor. What does this mean? The implication is that the BMR 
requirement	decreases	with	age.	Thus,	even	if	your	height	and	weight	stay	the	same,	as	you	
grow	older	your	minimum	calorie	requirement	decreases.

Let’s	use	a	numerical	example	to	examine	this	consequence:	Consider	a	man	and	assume	a	con-
stant weight (W = 180  pounds) and height (H = 72 inches). Compute the BMR at age:

a. Age 30: BMR = 66.47 + 6.22(180) + 12.7(72) – 6.8(30) = 1896 calories

b. Age 45: BMR = 66.47 + 6.22(180) + 12.7(72) – 6.8(45) = 1794 calories

c. Age 60: BMR = 66.47 + 6.22(180) + 12.7(72) – 6.8(60) = 1692 calories

You will note there is a 102 calorie decrease (1896–1794) between ages 30 and 45 and a  204 
calorie decrease (1896–1692) between the ages of 30 and 60.

Now, a 204 calorie increase between the ages of 30 and 60 may not seem like much, but remem-
ber: this is calories per day. There are 365 days per year and you need to burn 3500 calories to 
lose a pound. This translates to: 

 (204)(365)
  = 21.3 pounds! 
 3,500

Thus, if your activity level remains about the same at both ages, you would gain over 21 pounds 
in that year. Since, in general the activity level would be less at age 60 than age 30, this weight 
gain would be more pronounced! Displayed below is a graph of this calculation in ten-year incre-
ments starting at age 20. A table of values used to generate the graph is also included

Age 20 30 40 50 60 70 80

BMR 1964 1896 1828 1760 1692 1624 1556

Basal Metabolic Rate for Men
Weight = 180 pounds; Height = 72 inches
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Remarks
1. The graph is trending down as we expected because the coefficient of the variable A is nega-

tive. You can see this graph is linear (a straight line). Why? 
Answer: This is because the variable A is linear (its exponent is 1). Why?

2. We can infer that the BMR calculation for women will display the same type of trend. Why? 
Answer:	This	is	because	the	coefficient	of	age	in	that	equation	is	also	negative.	

3. Will the expected decrease for women be as pronounced as for men? 
Answer: No, because the coefficient for women is smaller (− 4.7 versus − 6.8). 

4. We have learned to calculate the slope of a straight line. What is it?
 Rise (Y2 – Y1 )
Answer: slope =    =    where (X1 – Y1 ) and  (X2 – Y2 ) are two points on the line. 
 Run (X2 – X1 )

5. Calculate the slope of this line for the points (20,1964) and (20,1556) .You should recognize 
these coordinates as the age and BMR value.
 1556 – 1964 408
Answer: slope =    = –     = –  6.8 
 80 –20 60

Remember, in this example the rise is the difference between two BMR values and the run is 
the difference between the corresponding age values. Does this slope value seem familiar?

Answer: It is the value of the coefficient of the age variable! Why?

Answer: The reason is that the coefficient of the linear variable represents the rate of change 
of the variable. In our case this rate is – 6.8 per year. 

Will this value change if we take two other points on the line?

Answer: No, because the slope of a straight line is constant, regardless of the points used to 
calculate it.

 6. For a given weight and height, a taller person will have a higher BMR value and thus use 
more calories. However, this factor is relatively minor. How can you tell?  
Answer: For a man the coefficient of the height variable is positive (12.7). Thus, a difference 
of 3 inches would correspond to an additional (12.7)(3) = 38 calories per day.

For women, a height difference of 3 inches would also result in a calorie increase because 
the height coefficient is also positive but much smaller (4.327 versus 12.7). A difference of 3 
inches would correspond to an additional (4.327)(3) = 13 calories per day.
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Activity: Calculate the BMR for yourself and some friends and family members.

Activity: Calculate the total energy expenditure of the people described in your BMR chart. You 
will have to estimate their activity level and then apply the appropriate factor.

Basal Metabolic  Rate: Men

 66.47  6.22 x  12.7 x  − 6.8 x

NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR

Basal Metabolic Rate: Women

 655.10  4.36 x  4.327 x  − 4.7 x

NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR
NAME  FACTOR  WEIGHT  HEIGHT  AGE  BMR



80 LaGuardia Community College/CUNY

Basal Metabolic Rate

Total Energy Expenditure
As	stated,	the	BMR	calorie	term	represents	the	minimum	amount	of	energy	required	for	the	body	
to maintain life support activities while at rest. But we do more than merely rest! We walk, run, 
exercise,	and	perform	all	types	of	movements	which	require	the	use	of	energy.	How	can	we	begin	
to	approximate	our	total	energy	(calorie)	expenditure?	To	be	clear,	the	Harris-Benedict	equation	
estimates	BMR	as	the	minimum	requirement	to	support	life	functions.	It	is	only	a	first	step	in	esti-
mating	total	calorie	needs.	As	far	as	measuring	our	total	daily	energy	requirement,	we	can	use	a	
method that includes activity, the so-called energy factor. This is a number based upon the level 
of physical activity. 

General activity factors can be applied to the result of the BMR calculation to determine your 
total daily energy caloric expenditure. This is the amount of calories a person would need to con-
sume in a day to maintain his/her current weight and body composition. It should be noted that 
the factors associated to the definition of activity levels are approximations. The chart displayed 
beow classifies activity level and the corresponding factor.

Example: 
Assume a BMR of 1845. The daily caloric need for weight maintenance would be:

 Activity Level  Examples  Factor

Sedentary (little or no activity) Sitting, reading, driving  1.2

Light activity Moderate walking  1.375 

Moderate activity (moderate 
exercise 3–5 days/week

Fast walking, skating, easy bicy-
cling

 1.55

Very active (intense exercise, 
sports 5–6 days/week)

Swimming, running, basketball  1.725

Extra active (very intense exer-
cise/sports & physical job)

Rowing, boxing, physical job  1.9

 Activity Level  Factor  Calculation

Little or no 1.2 1845 x 1.2 = 2214

Light 1.375 1845 x 1.375 = 2537

Moderate 1.55 1845 x 1.55 = 2860

Very 1.725 1845 x 1.725 = 3183

Extra 1.9 1845 x 1.9 = 3506
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Basal Metabolic Rate

Activity
Use your BMR calculations, estimate the activity level of those people, and compute their esti-
mated total energy expenditure. Note that these calculations are only estimates. Why?

Answer: The activity level factor is an approximation and applies to an average or general level 
of activity.

 Name Activity Factor  BMR  Estimated Energy Expenditure
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Toxic Release and Pollution: Asthma in NYC (Learning Community Version)
Yasser Hassebo  Department of Mathematics, Engineering, and Computer Science
Judit Török  LaGuardia Center for Teaching and Learning 

Objectives 
The main goal of this collaborative assignment, 
designed for a learning community (Elementary Alge-
bra and Critical Thinking), is to encourage students 
to recognize how mathematical evidence (graphs and 
percentages) can be used to support their critical think-
ing arguments. This is a staged assignment, starting 
with	an	inquiry	activity	about	environmental	pollu-
tion and toxins in NYC neighborhoods, followed by a 
math	assignment	that	requires	students	to	calculate	
the asthma hospitalization rates in NYC and compare 
them to rates in the USA as a whole. In the final stage 
of the project, students work in groups to continue their 
research on asthma, and develop a final oral presenta-
tion that incorporates the previous two stages. Student 
groups create a wiki site about the causes, cures, and 
social issues related to asthma.

The objective of these activities is to help students gain 
understanding of environmental pollutants and asthma 
issues using the tools of geometric context, graphic 
analysis, linear function, and positive and negative 
slopes. This assignment reinforces the use of technol-
ogy (computers, web research, MS Word, Excel, scan-
ning). In addition, students review mathematical topics 
and operations, such as finding and building tables, converting data into graphs and vice versa, 
working with ordered pairs, percentages, decimals, fractions, and ratios. 

Note: If the assignment is taught in a stand-alone math class (i.e., not paired in a learning com-
munity), please refer to the next activity on Toxic Release.  

Reflection
As we began to plan our learning community, we decided that the relationship among envi-
ronmental pollution, global warming, and health in NYC would be an engaging topic for our 
students, and broad enough for us to use as a theme for our lessons and assignments. The criti-
cal thinking parts were designed to help students learn how to look at a situation from differ-
ent perspectives, to evaluate the sources of information, and to support arguments using valid 
mathematical data.

The first part of this activity took place in the Critical Thinking class. Students created a Toxic 
Release	podcast,	grounded	in	web-based	inquiry	research	and	discussion	on	various	chemical	
toxins	in	our	environment.	The	web-based	inquiry	was	assigned	as	homework	and	followed	up	on	
the discussion board. Pre- and post- discussions took place in class. Students were very interested 
in finding out about factories that produce dangerous chemicals in their own neighborhoods. In 
their podcasts they talked about the effect of these chemicals on their health. 

Math Topics 
Geometric context, plotting ordered 
pairs (table), graphic analysis and 
interpretation, linear approximation, 
slope calculation (positive and 
negative)

Tools 
Multimedia projector, computer with 
Internet access, cell phone to make the 
podcasts

Course Title  
Introduction to Algebra (MAT096), 
Critical Thinking (HUP102)

Activity Time Frame 
This staged project spans one 
semester. Toxic release podcast (in 
Critical Thinking class): third week of 
the semester. Toxic release: asthma 
(in MAT096 class): sixth week of the 
semester Asthma group project (in 
Critical Thinking class): seventh week 
of the semester.
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The mathematical activity on asthma was introduced after students created their podcasts in 
the Critical Thinking class, enabling students to understand that mathematical calculations 
can increase their understanding and help them support their arguments. We confirmed the 
effectiveness of this strategy when, at the end of the semester, student groups used graphs and 
charts as well as their math calculations to explain various aspects of asthma in NYC in their wiki 
presentations.

The math assignment was titled “Toxic Release: Asthma, Facts and Numbers.” We found that 
about half of the class was very interested in this public health issue, and therefore more 
engaged with the mathematical calculations. Because it was a group project, the groups dis-
cussed the work together and were able to help each other. Students returned the work before the 
due	date	and,	although	not	required	in	this	level	of	math	course,	many	of	them	chose	to	use	Excel	
and/or Word to graph and present their mathematical work.

Activity Overview
Toxic Release Podcast (one week) 
In	this	web-based	inquiry	assignment,	students	develop	questions	that	they	then	use	to	explore	a	
situation:
1. In class, students are given a handout (Handout #1) about toxins in our environment. They 

read	it	individually	and	practice	asking	critical	questions	about	the	reading.	

2. The homework assignment is to use selected websites (part of Handout #1) to research toxic 
chemicals in their own zip-codes. Then students write a script for a podcast. 

3.	 In	the	following	class,	students	critique	each	others’	scripts.	

4. The homework assignment is to finalize their podcast scripts and record them as Mp3 files. 

Toxic Release: Asthma Facts and Numbers (one week)
The mathematical activity should be introduced after the due date of the podcast assignment.
1. In class, students are given the Asthma Facts and Numbers handout (Handout #2), which 

provides a brief description of the asthma problem, statistical data about NYC and the US, 
and graphs of the data. 

2.	 For	homework,	students	are	asked	to	answer	questions	about	asthma	in	NYC	and	the	US.	
These	questions	were	designed	to	encourage	students	to	use	math	skills	learned	in	the	class-
room to establish graphs and comparisons, calculate numbers from graphs, predict future 
values, and understand how this work could help them support their argument in the Criti-
cal Thinking project. Students are encouraged to use Excel and Word to present their work. 

3. In the next class, students share their calculations and their reflections with each other in 
small groups. 
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Toxic Release Asthma Wiki Project (three weeks)
In their next Critical Thinking class, students work in groups to prepare a presentation on asthma 
in NYC. Students must research facts, causes, and prevention strategies.

Here are a number of ways students can be encouraged to do this assignment:
1. Interview asthma patients and nurses and record their interviews as either a Socratic dia-

logue or as a digital story. 

2. Do Internet research on the topic and critically evaluate the websites and information on 
those sites. 

3. Read related articles and conduct in class or online discussions about them. 

4. Attend asthma-related events. 

As the culmination of their research, students can create a wiki in which they display their math-
ematical calculations and the results of their research. Each group needs to present a well-artic-
ulated statement about asthma in NYC and use the wiki site to support their claims. The groups 
also need to interpret graphs and talk about how they are using mathematical evidence. These 
presentations should be completed in the last week of the semester. 

To ensure that students make better connections between mathematical evidence and critical 
thinking skills, after the presentations students should also write a reflective paper based on the 
following	questions:
1. Describe your involvement with the asthma project this semester. What did you do? How did 

you learn what you learned? In this analysis, you don’t need to repeat any factual informa-
tion about asthma. Rather, talk about what methods helped you learn. 

2.	 How	did	critical	thinking	techniques	and	tools	as	well	as	mathematical	techniques	and	tools	
help you in your research? In your presentation? In your ability to argue your case? 

3. How do you plan to use the information you gathered about asthma in the future? How has 
this project helped you to be a better student, a better learner and a better critical thinker? 
Be thoughtful in examining about your learning process. Again, please do not write WHAT 
you	learned,	but	HOW	you	learned	it.	
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Materials and Resources
•	 Handout	#1:	Toxins	

•	 Handout	#2:	Asthma

•	 Department	of	Health	and	Human	Services.	(2000,	Summer/Fall).	Special Issue on Geographic 
Information Systems. (vol 10, number 2).

•	 National	Library	of	Medicine.	(2006,	June).	Tox Town. Retrieved February 12, 2009, from  
http://toxtown.nlm.nih.gov/text_version/chemicals.php

•	 Native	Village.	(n.d.)	How to avoid the top 10 most common toxins. Retrieved February 12, 2009, 
from   http://www.nativevillage.org/Messages%20from%20the%20People/How%20to%20
avoid%20environmental_toxins.htm

•	 New	York	City	Department	of	Health	and	Mental	Hygiene	Childhood	Asthma	Initiative.	
(2003, May). Asthma Facts. Retrieved February 3, 2009, from http://www.nyc.gov/html/doh/
downloads/pdf/asthma/facts.pdf

•	 New	York	City	Department	of	Health	and	Mental	Hygiene.	(2003,	April).	Asthma	can	be	con-
trolled. NYC Vital Signs (vol 2., number 4). Retrieved February 3, 2009, from http://www.nyc.
gov/html/doh/downloads/pdf/survey/survey-2003asthma.pdf 

•	 Scorecard:	The	Pollution	Information	Site.	(2005).	Pollution locator smog and particulates. 
Retrieved January 22, 2009:  http://www.scorecard.org/env-releases/cap/

•	 United	States	National	Library	of	Medicine.	(2008,	February	11).	ToxMap Environmental Health 
eMaps. Retrieved February 12, 2009, from  http://toxmap.nlm.nih.gov/toxmap/main/index.
jsp
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Handout #1: Toxins
Hassebo & Török | Elementary Algebra – Problems and Issues in Public Health 
(MAT096) 

A toxin is a substance with the ability to cause harm at some level of exposure.

The object of this assignment is to help you think critically about an important issue: toxins in our 
environment	and	how	they	affect	our	health.	You	will	be	required	to	ask	critical	questions	and	
then create an audio recording through which you will become more aware of the problem and 
offer an analysis of the issues at stake.

In this first section of this project, you will create a podcast. A podcast is a recording of a 2–3 min-
ute presentation. The topic of your podcast will be: Effects of Environmental Pollution and Toxins 
on My Heath.

As	critical	thinkers,	before	we	can	answer	such	a	complex	question,	we	need	to	first	find	out	as	
much as we can about our topic. So let’s begin. 

Step I: Read the following information

Environmental toxins are chemicals and other materials created largely from industry and careless-
ness. These chemicals have saturated our water, food, and the very air we breathe. You can’t see, feel, 
or smell many toxins – at least, not right away. We don’t realize their effects until we come down with a 
chronic disease after years of exposure.

•	 77,000:	chemicals	produced	in	North	America

•	 Over	3,000:	chemicals	added	to	our	food	supply

•	 Over	10,000:	chemical	solvents,	emulsifiers	and	preservatives	used	in	food	processing

•	 1,000:	new	chemicals	introduced	each	year	

 The Effects of Toxins on Your Body 
A study in the British Medical Journal says that 75% of most cancers are caused by environmental and 
lifestyle factors. 

A report by the Columbia University School of Public Health estimates that 95% of cancers are caused 
by diet and environmental toxicity. 

“Most Americans have between 400 and 800 chemicals stored in their bodies, typically in fat cells 

Source: Native Village. (n.d.) How to Avoid the Top 10 Most Common Toxins. Retrieved February 12, 2009, from  http://www.nativevillage.org/
Messages%20from%20the%20People/How%20to%20avoid%20environmental_toxins.htm
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Step II: Carefully explore the situation with questions
•	 Look	for	the	toxins	in	your	neighborhood.	Click	on	the	link	to	ToxMap	Environmental	Health	

eMaps: http://toxmap.nlm.nih.gov/toxmap/main/index.jsp
•	 Type	in	your	zip	code.	

•	 You	can	zoom	in	and	out	on	the	map	to	see	what	toxic	facilities	are	located	in	your	neighbor-
hood.

  

•	 Click	on	‘Identify	TRI	facilities’	and	read	about	the	chemicals	these	facilities	produce.	

•	 Choose	any	two	hazardous	chemicals	and	toxins	that	are	around	your	area.

•	 Research	these	toxins.	Learn	everything	you	can	about	them:	where	they	are	found,	what	
they cause, how we can avoid them. 

•	 You	may	use	the	following	websites	as	you	do	your	search:
– The National Library of Medicine’s Tox Town: http://toxtown.nlm.nih.gov/text_version/

chemicals.php
– How to Avoid the Top 10 Most Common Toxins: http://www.nativevillage.org/Mes-

sages%20from%20the%20People/How%20to%20avoid%20environmental_toxins.htm

•	 After	you	are	done	with	your	research,	think	about	ten	questions	you	have	about	this	topic.	
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Step III: Think independently. Write the script of your podcast.
•	 Imagine	you	are	a	reporter	for	a	radio	station.	You	have	no	more	than	3	minutes	(no	less	

than 2 minutes) of air time to report on this topic: Effects of Environmental Pollution and 
Toxins on My Heath. Think critically and independently. Use the guidelines in Chapter 2 of 
the Thinking Critically textbook and write a 1-page (double-spaced, typed) report. This will 
be the script for your podcast. 

•	 Tips:	As	you	are	writing	this,	make	sure	that	you	don’t	just	describe	the	situation.	Some	
description is necessary, but what you need to do is use your research, evaluate your beliefs, 
and organize your thoughts well. 

•	 Bring	a	printed	copy	of	your	script	to	class	with	you	for	peer-review.

Record your final podcast as an Mp3 and submit it on Blackboard for a grade.

Grading criteria:

Excellent Competent Needs Work Incomplete

Podcast is well struc-
tured and discusses 
ideas in an organized 
way.

Podcast is somewhat 
organized, but should 
have a clearer structure.

Podcast is un-organized 
and doesn’t have a clear 
structure.

Podcast is not complet-
ed or was not submitted 
on time.

Podcast is sufficient in 
length.

Podcast is a little shorter 
than expected.

Podcast is insufficient in 
length.

Podcast is not com-
pleted or was not on 
submitted on time.

Podcast addresses the 
assigned topic with 
originality of thought 
and independent think-
ing.

Podcast addresses the 
assigned topic but lacks 
originality of thought 
and independent think-
ing.

Podcast doesn’t address 
the assigned topic and 
shows little or no origi-
nality and independent 
thinking.

Podcast is not complet-
ed or was not submitted 
on time.

Podcast refers to fac-
tual reports and uses 
interpretation, personal 
opinion and analysis of 
the situation well.

Podcast refers to factual 
reports, and uses some 
interpretation, personal 
opinion and analysis of 
the situation.

Podcast rarely or never 
refers to factual reports 
or uses interpretation or 
personal opinion, and 
lacks analysis.

Podcast is not complet-
ed or was not submitted 
on time.
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Handout #2: Asthma
Hassebo & Török | Elementary Algebra – Problems and Issues in Public Health 
(MAT096)

Background Information:
In the United States the number of people with asthma is increasing rapidly. Asthma affects 
approximately	17.3	million	Americans,	including	5	million	children	under	the	age	of	18.	Of	
these, 1.3 million are younger than five years old [USA National Institute of Medicine, 2000]. 
Asthma is a huge public health problem in New York City (NYC) especially in the Bronx. The 
World	Health	Organization	(WHO)	estimates	that	more	than	one	million	cases	of	asthma	are	
reported each year in NYC, and 12.5% of the population has been diagnosed with asthma. 
(Source:	World	Health	Organization)

In Manhattan, more than 75% of the people live within 500 feet of a busy street or highway. 
In Brooklyn, over 35% of both health facilities and playgrounds are also within the 500-foot 
risk area. As of the year 2000, approximately 300,000 NYC children have been diagnosed with 
asthma. In the year 2000, NYC children were nearly twice as likely to be hospitalized due to 
asthma attacks as the average number of children in the U.S. Even more alarming is the fact that 
in central Harlem, central Brooklyn, the south Bronx, and Queens, children have been diagnosed 
with asthma at a rate of 20–30 %, more than double the national average.  The diesel pollution 
risk in Queens is the tenth unhealthiest in the U.S. when compared with more than 3000 coun-
ties. (Sources: Scorecard, Asthma Facts, NYC Vital Signs)  

Asthma symptoms appear in correlation with high levels of exposure to respiratory irritants such 
as gas, smoke fumes, vapors, aerosols, and dust. Some types of these environmental gases such as 
sulfur	dioxide	(SO2),	nitrogen	dioxide	(NO2),	and	ozone	(O3) can exacerbate preexisting respira-
tory symptoms.  

Climatic change factors and the time of year can influence the spread of asthma; for example, 
in 2005, statisics for emergency room visits revealed peak numbers in the spring and fall and a 
decline in the summer. See Fig 1 below. (Sources: Scorecard, NYC Vital Signs, Asthma Report)

Enforced by the Clean Air Act (CAA), the National Ambient Air Quality Standards (NAAQS) have 
been	established	for	six	criteria	pollutants	(O3,	SO2,	NO2,	CO,	lead	toxicity,	and	PM10	(particulate	
matter ≤ 10 m in aerodynamic diameter, respectively) and PM2.5 (particulate matter ≤ 2.5 m). 
(Source: Special Issue on Geographic Information Systems)  

Controlling asthma, cancer, and bronchitis, diseases that are all affected by air pollution, 
depends on being able to detect and reduce air pollution. However, this is extremely difficult to 
do because of the uncertainties about air pollution transportation. 
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For Class Discussion
Fig. 1: Asthma varies over the calendar year (NY) . (Emergency Department Visits by Month)

In Class 
Discuss	the	following	questions:
a) What is asthma?

b) How many people currently suffer from asthma in NYC and worldwide?

c) How many New Yorkers were diagnosed with asthma in 2006?

d) Discuss this statement: “Children from low-income populations continued to experience a 
higher asthma hospitalization rate than children from high-income populations in 2000.”

Use Figure 1, which shows how the incidence of asthma varies over the calendar year in NYC, to 
discuss	the	following	questions	in	class.	Submit	your	written	response	to	these	questions	in	one	
week. 
a) Analyze the graph as you learned in the classroom.  

Hint: Why does the curve reach the highest point (local maxima) at certain months over the calendar 
year?

b) Calculate the average rate of change in the incidence of asthma between April and May. 

c) Calculate the average rate of change in the incidence of asthma between May and June.

d) What is the correlation between your calculation (from b and c) with slopes of the line seg-
ments between April and May and between May and June?

e)	 Find	the	equation	of	the	line	between	(April	and	May)	in	the	slope	y-intercept	form.
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Homework (to be submitted one week later)
Use the data found in the NYC booklet Asthma Facts: (http://www.nyc.gov/html/doh/downloads/
pdf/asthma/facts.pdf) for data showing the number of children in NYC who have been hospital-
ized with asthma in the last ten years (p. 11) to solve the following problems:
a. Build a table of two columns that shows the number of children in NYC who have been hos-

pitalized with asthma (column #2) between the years 1990 and 2000 (column #1).

b. Graph the relationship between the percentage of people who have been hospitalized with 
asthma (y-axis) and the year (x-axis) in NYC between the years 1990 and 2000.

c. Graph the relationship between the percentage of people who have been hospitalized with 
asthma (y-axis) and the year (x-axis) in the US between the years 1990 and 2000.

d. Compare the two graphs. Explain why the graphs are different. 
Hint: Plot both graphs in the same window

Reflection
Write one paragraph about how this math assignment and reading changed the way you think 
about	air	quality	and	asthma	in	your	neighborhood	in	NYC.	You	need	to	use	this	data	and	reflec-
tion in your Critical Thinking wiki project.

References
•	 Department	of	Health	and	Human	Services.	(2000,	Summer/Fall).	Special Issue on Geographic 

Information Systems. (vol 10, number 2).

•	 National	Library	of	Medicine.	(2006,	June).	Tox Town. Retrieved February 12, 2009, from  
http://toxtown.nlm.nih.gov/text_version/chemicals.php

•	 Native	Village.	(n.d.)	How to Avoid the Top 10 Most Common Toxins. Retrieved February 12, 
2009, from   http://www.nativevillage.org/Messages%20from%20the%20People/How%20
to%20avoid%20environmental_toxins.htm

•	 New	York	City	Department	of	Health	and	Mental	Hygiene	Childhood	Asthma	Initiative.	
(2003, May). Asthma Facts. Retrieved February 3, 2009, from http://www.nyc.gov/html/doh/
downloads/pdf/asthma/facts.pdf

•	 New	York	City	Department	of	Health	and	Mental	Hygiene.	(2003,	April).	Asthma	can	be	con-
trolled. NYC Vital Signs (vol 2., number 4). Retrieved February 3, 2009, from http://www.nyc.
gov/html/doh/downloads/pdf/survey/survey-2003asthma.pdf 

•	 Scorecard:	The	Pollution	Information	Site.	(2005).	Pollution locator smog and particulates. 
Retrieved January 22, 2009:  http://www.scorecard.org/env-releases/cap/

•	 United	States	National	Library	of	Medicine.	(2008,	February	11).	ToxMap Environmental Health 
eMaps. Retrieved February 12, 2009, from  http://toxmap.nlm.nih.gov/toxmap/main/index.
jsp

Toxic Release and Pollution: Asthma in NYC (Learning Community Version)
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Objectives 
The objective of this assignment is to help students gain 
a deeper understanding of how environmental pollut-
ants, toxins, and dust affect daily life, particularly with 
regard to the increasing number of people who suffer 
from asthma. This objective can be achieved through 
activities concentrated on reading relevant materials, 
graphic analysis, linear function, positive and nega-
tive slopes, and other mathematical theories. Also, this 
assignment encourages students to recognize how the 
mathematical topics covered in Elementary Algebra 
(MAT096) are very useful for understanding the world 
around us.

This assignment has three stages. First, in the Motiva-
tion stage, aided by a PowerPoint presentation called 
“Why should we care?” the instructor discusses the 
sources of air pollution transportation, helping stu-
dents to understand the environmental disasters in 
NYC including the plume-cloud event in 2004. Students 
read articles and web resources in preparation for class 
discussions on topics such as: What is asthma? How 
many people currently suffer from asthma in NYC and 
worldwide? 

Next, during the Math stage, students learn to plot, 
calculate, and compare graphs and numbers. They 
practice these skills in class and through homework 
assignments. In the Reflection stage, students deposit in 
their ePortfolios their final work and their written essays 
about what they’ve learned. This process reinforces 
students’ knowledge and use of technology (computers, 
scanners, the web, Microsoft Word and Excel).   

Reflection
As I began to plan my pedagogical strategy, I realized that the impact of environmental pollu-
tion and global warming on health in NYC would be an engaging topic for my students, and 
one broad enough to use as a theme in several lessons. The Motivation stage was very successful. 
During my presentation, students were completely involved in the class discussion. Students were 
very interested in discovering, for the first time, about air pollution transportation and in learn-
ing about the plume cloud that produced dangerous chemicals in students’ own neighborhoods. 
The majority of students read and prepared for the following week’s discussion.

Math Topics 
Matrix Code: Geometric context, 
ordered pairs (table), graphic 
analysis and interpretation,linear 
approximation, slope calculation 
(positive and negative)

Tools 
Multimedia projector, computer with 
Internet access

Comments  
This very engaging project was 
completed in the middle of the 
semester. These math activities 
encouraged students to use and 
strengthen math skills learned in the 
classroom, and finally to understand 
the scale of these issues, so as to 
support their understanding of the 
world around them. Secondly, the 
activities reviewed the earlier class 
topics (linear equations, slope and 
ordered pairs, graphical interpretation) 
to prepare the student for the midterm 
exam.

When to Introduce 
This activity should be introduced in 
the beginning of the 6th week of the 
semester

Activity Time Frame 
Two weeks 

Toxic Release and Pollution: Asthma in NYC
Yasser Hassebo
Department of Mathematics, Engineering, and Computer Science
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The next week, I introduced the second stage, Math. The mathematical activity was developed 
to	strengthen	students’	understanding	of	graphic	analysis,	ordered	pairs,	linear	equation,	and	
slope. Another goal was to have students realize that mathematical calculations can increase 
their ability to comprehend what goes on in the world around them. I discussed the mathemati-
cal theories and practices in class, and gave them another week to return their final work. Stu-
dents’ responses were very positive. Most of the students submitted the project by the due date. 
The majority of students were motivated to use computers and the web to do the math calcula-
tions and to write their reflections. 

Activity Overview
Motivation Stage (Attached, Parts A, B and PowerPoint, Part E) (One week)
1. I start the activity with a PowerPoint presentation about pollution transportation, sources, 

and	scientific	techniques	to	understand	the	effect	of	these	environmental	factors	and	disas-
ters on human health in NYC (attached, Part E).

2. Students are provided with selected websites, where they read and collect statistical data 
about asthma, dust clouds, pollution transportation, and toxic chemicals in their own area 
in NYC, and in the US (Student Resources Handout (attached, Part A) .

3.	 After	one	week	they	practice	asking	critical	questions	about	the	reading	(especially	about	
asthma) in class. (Class Activity, attached, Part B).

Calculations Stage (Attached, Part C) (One week)
The math activities should be introduced one week after the motivation stage.
1. In class, students are given the Asthma Facts and Numbers handout (Part C). 

2.	 For	homework,	students	are	asked	to	answer	a	set	of	questions	about	asthma	in	NYC	and	in	
the	US.	These	questions	were	designed	to	encourage	students	to	use	the	math	skills	learned	
in class to establish graphs and comparisons, calculate numbers from graphs, predict future 
values, and finally to understand the scale of these issues. This work will help them support 
their understanding of the problem and also help them develop critical thinking skills. 

3. In the following class, students share their calculations and their reflections with each other 
in small groups. 

Reflection (Extra Credit) (Attached, Part D)
The last stage consists of a writing assignment. Students attend events focused on the problem 
of asthma, read articles, and use the mathematical graphs and calculations to write a one-page 
essay. In the essay, students present information and their point of view about the problem of 
asthma. The essay must be well-organized and assertions must be supported with mathematical 
evidence.

In order to have students make better connections between the mathematical evidence and writ-
ing critically about this project, students are asked to write a reflective paper and post it on the 
LaGuardia ePortfolio to gain extra credit, thereby improving their scores (attached, Part D) .
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Materials and Resources
•	 Handout

The following websites provide additional information on air pollution: 
•	 Department	of	Health	and	Human	Services.	(2000,	Summer/Fall).	Special Issue on Geographic 

Information Systems. (vol 10, number 2). 

•	 New	York	City	Department	of	Health	and	Mental	Hygiene	Childhood	Asthma	Initiative.	
(2003, May). Asthma Facts. Retrieved February 3, 2009, from http://www.nyc.gov/html/doh/
downloads/pdf/asthma/facts.pdf

•	 New	York	City	Department	of	Health	and	Mental	Hygiene.	(2003,	April).	Asthma	can	be	con-
trolled.  NYC Vital Signs (vol 2, number 4). Retrieved February 3, 2009, from http://www.nyc.
gov/html/doh/downloads/pdf/survey/survey-2003asthma.pdf 

•	 Scorecard:	The	Pollution	Information	Site.	(2005).	Pollution locator smog and particulates. 
Retrieved January 22, 2009:  http://www.scorecard.org/env-releases/cap/

•	 United	States	National	Library	of	Medicine.	(2008,	February	11).	ToxMap Environmental Health 
eMaps. Retrieved February 12, 2009, from  http://toxmap.nlm.nih.gov/toxmap/main/index.
jsp

•	 World	Health	Organization.	(2009).	Asthma. Retrieved February 3, 2009, from http://www.
who.int/respiratory/asthma/en/
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Handout: Asthma Facts and Numbers
Hassebo | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Part A 
Research (one week)
1.	 Read	the	World	Health	Organization	fact	sheet	about	asthma	:	http://www.who.int/topics/

asthma/en/

2. Read the Executive Summary of the New York City Department of Health and Mental 
Hygiene’s pamphlet Asthma Facts	(pages	7	&	8):	http://www.nyc.gov/html/doh/downloads/
pdf/asthma/facts.pdf 

3.	 Using	your	zip	code,	research	the	air	quality	in	your	neighborhood	on	the	Scorecard:	Pollu-
tion Information Site: http://www.scorecard.org/env-releases/cap/index.tcl

4. Take good notes and be prepared to discuss what you have read in class next week.

References
•	 Department	of	Health	and	Human	Services.	(2000,	Summer/Fall).	Special Issue on Geographic 

Information Systems. (vol 10, number 2). 

•	 New	York	City	Department	of	Health	and	Mental	Hygiene	Childhood	Asthma	Initiative.	
(2003, May). Asthma Facts. Retrieved February 3, 2009, from http://www.nyc.gov/html/doh/
downloads/pdf/asthma/facts.pdf

•	 New	York	City	Department	of	Health	and	Mental	Hygiene.	(2003,	April).	Asthma	can	be	con-
trolled.  NYC Vital Signs (vol 2, number 4). Retrieved February 3, 2009, from http://www.nyc.
gov/html/doh/downloads/pdf/survey/survey-2003asthma.pdf 

•	 Scorecard:	The	Pollution	Information	Site.	(2005).	Pollution locator smog and particulates. 
Retrieved January 22, 2009:  http://www.scorecard.org/env-releases/cap/

•	 United	States	National	Library	of	Medicine.	(2008,	February	11).	ToxMap Environmental Health 
eMaps. Retrieved February 12, 2009, from  http://toxmap.nlm.nih.gov/toxmap/main/index.
jsp

•	 World	Health	Organization.	(2009).	Asthma. Retrieved February 3, 2009, from http://www.
who.int/respiratory/asthma/en/
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Part B
Activity
Discuss	the	following	questions:

a. What is asthma?

b. How many people currently suffer from asthma in NYC and worldwide?

c. How many New Yorkers were diagnosed with asthma in 2006?

d. Discuss this statement: “Children from low-income populations continued to experience a 
higher asthma hospitalization rate than children from high-income populations in 2000.”

Use Figure 1, which shows how the incidence of asthma varies over the calendar year in NYC, to 

discuss	the	following	questions	in	class.	Submit	your	written	response	to	these	questions	in	one	
week. 
a. Analyze the graph as you learned in the classroom.  

Hint: Why does the curve reach the highest point (local maxima) at certain months over the calendar 
year?

b. Calculate the average rate of change in the incidence of asthma between April and May. 

c. Calculate the average rate of change in the incidence of asthma between May and June.

d. What is the correlation between your calculation (from b and c) with slopes of the line seg-
ments between April and May and between May and June?

e.	 Find	the	equation	of	the	line	between	(April	and	May)	in	the	slope	y-intercept form.
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Fig. 1: Asthma varies over the calendar year (NY) 
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Part C: Homework
Use the data found in the NYC Department of Health and Mental Hygiene pamphlet Asthma 
Facts (http://www.nyc.gov/html/doh/downloads/pdf/asthma/facts.pdf) for data showing the 
number of children in NYC who have been hospitalized with asthma in the last ten years (p. 11) 
to solve the following problems:
a. Build a table of two columns that shows the number of children in NYC who have been hos-

pitalized with asthma (column #2) between the years 1990 and 2000 (column #1).

b. Graph the relationship between the percentage of people who have been hospitalized with 
asthma (y-axis) and the year (x-axis) in NYC between the years 1990 and 2000.

c. Graph the relationship between the percentage of people who have been hospitalized with 
asthma (y-axis) and the year (x-axis) in the US between the years 1990 and 2000.

d. Compare the two graphs. Explain why the graphs are different. 
Hint: Plot both graphs in the same window. 

Part D
What have you learned?
Write one page about how this math assignment and the reading you did changed the way you 
think	about	air	quality	and	asthma	in	your	neighborhood	in	NYC.	Consider	the	following	ques-
tions:
1. What did you learn about different types of pollution, global warming, dust, smog, and 

ozone in Los Angeles and London? How do  these factors affect the growth or decline in the 
number of people who have asthma? 

2.	 Describe	how	the	mathematical	topics,	techniques	and	tools	helped	you	to	develop	your	
understanding of pollution and its effect on the number of people who have asthma.

3. In the future, how do you plan to use math in your other classes to support your arguments 
and	consequently	achieve	your	academic	and	personal	goals?

4. Will this project help you to be a better student and a better learner? If so, how? If not, why 
not?
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Enjoying Cheddar Cheese 
Javier Roldan McKinley
Department of Mathematics, Engineering, and Computer Science

Objectives 
This project helps students understand and use the 
nutrition facts label for food, and at the same time 
reinforces the concepts of (1) factoring the difference of 
two	squares,	(2)	solving	a	quadratic	equation	using	the	
square	root	method,	and	(3)	solving	a	quadratic	equa-
tion using the general formula.   

Reflection
Not only is calcium responsible for the strength of 
teeth and bones, but it also helps in healing wounds, 
contracting muscles, metabolizing fat, releasing neu-
rotransmitters, and other functions. The main sources 
of calcium for humans are dairy products. After milk, 
cheese is the most important source of calcium for 
humans. However, not all the daily calcium needs can 
be taken from cheese because cheese also contains 
a great amount of saturated fat. This assignment is 
intended to integrate nutritional facts about cheddar 
cheese	with	geometry	concepts	and	three	methods	for	solving	quadratic	equations.

In the introductory page of the activity, students were asked to extract the nutritional data from 
the nutrition facts label of a food. We focused on saturated fat, a well-recognized contributor to 
obesity. Following this, the concept of the density of cheese was introduced and illustrations were 
used	to	help	students	visualize	the	situation	prior	to	presenting	the	methods	for	solving	quadratic	
equations.

In this assignment, numbers were carefully selected in an attempt to make the cheese problem 
amenable to math skills taught in class. Perhaps the exercise appears a little contrived, but most 
math educators agree that there is no natural connection between factoring and everyday life. 
One	quadratic	equation	was	devised	such	that	it	can	be	simplified	to	terms	of	perfect	squares.	
Students	can	therefore	solve	the	equation	by	the	factoring	method:	specifically,	factoring	the	dif-
ference	of	squares.	The	solution	of	a	quadratic	equation	by	using	the	square	root	property	and	by	
using the general formula was also reviewed in this activity. The same answer was expected to be 
obtained in all three cases. The three methods mentioned above can be used to solve the same 
quadratic	equations	because	the	linear	coefficient	of	the	quadratic	equations	is	zero.

Since	the	solution	of	a	quadratic	equation	leads	to	two	answers,	in	each	problem	the	students	
were	asked	to	give	the	answer	that	makes	sense	for	the	real	problem	that	the	quadratic	equation	
represents. The dimension of cheese pieces was needed; therefore the students needed to give the 
positive	root	as	the	unique	answer	to	the	problem	in	each	case.	Most	of	the	students	preferred	the	
difference	of	squares	method	over	the	other	two	solution	techniques.	We	also	discussed	that,	if	
the linear coefficient is other than zero, then the general formula would be a safe method to solve 
the problem (a different factorization might arise in some cases). I am pleased that through this 
activity,	students	learned	a	very	important	point	in	solving	quadratic	equations:	when	possible,	

Math Topics 
Factorization, difference of squares, 
quadratic equations, zero-factor 
property, radicals

Purpose 
Review

Comments  
See Materials and Resources for the 
source of the information

When to Introduce 
Week 11

Activity Time Frame 
Three weeks
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factoring is a faster and easier way to solve them. However, if the trinomial is not factorable, we 
must	use	the	quadratic	formula.

As a positive aspect of the activity, most of the students were interested in the food pyramid 
and the nutrition fact concepts. They also expressed that the geometric figures illustrating the 
situation helped them to visualize the problem. Most of the students were surprised when they 
learned how much saturated fat cheddar cheese contains, and expressed that they would be 
more careful about their nutrition in the future. I believe that after this activity, they can easily 
relate serving sizes and the saturated fat contained in foods. Students found the activity to be 
somewhat	unconventional	but	very	helpful	for	reviewing	factorization	and	quadratic	equations.

Activity Overview
I recommend introducing this activity in the eleventh week of the semester; one week is given to 
students to complete it.

Week 11 (15 minutes in class): Distribute the activity packet. Briefly describe the issues related to 
the food pyramid, nutrition facts, saturated fat, and calcium. Students should fill in the lines on 
the first page of the handout by extracting information about the nutrition facts from Figure 1(b). 
All necessary information is included in the four-page handout given to the students. Ask stu-
dents to read the activity carefully at home. 

Week 12, Day 1 (15 minutes in class): Give	the	students	the	opportunity	to	ask	questions	about	the	
reading	assignment.	Remind	them	that	office	hours	are	available	to	answer	additional	questions,	
and that they must complete item 5 on page 4, to summarize their understanding of the activity.

Week 12, Day 2: Collect the assignment. 

Week 13 (15 minutes): A short class discussion takes place the day the graded assignments are 
given back to the students. 

Materials and Resources
•	 Handout	

•	 Class	notes	and	textbook	

•	 Condé	Net	Nutrition	Data	Know	What	You	Eat.	(2008).	Cheese, cheddar. Retrieved February 3, 
2009, from http://www.nutritiondata.com/facts/dairy-and-egg-products/8/2

•	 Harvard	School	of	Public	Health.	(2009).	The nutrition source healthy eating pyramid. ©2008 
Harvard University. Retrieved February 3, 2009, from www.hsph.harvard.edu/nutrition-
source/what-should-you-eat/pyramid/ 

•	 Mipiramid.org.	(2009).	Retrieved	February	12,	2009,	from	http://www.mipiramid.org/		

•	 Natural	Ways	to	Health.	(n.d.)	Calcium – nutritional health information. Retrieved February 2, 
2009, from http://www.naturalways.com/calciumResearch.htm 

•	 Oregon	State	University	Linus	Pauling	Institute	Micronutrient	Research	for	Optimum	Health.	
(2009). Micronutrient information center. Retrieved February 3, 2009, from http://lpi.oregon-
state.edu/infocenter/minerals/calcium/
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Handout: Enjoying Cheddar Cheese  
McKinley | Elementary Algebra – Problems and Issues in Public Health (MAT096)

The goal of this activity is to determine how many pieces of cheddar cheese you can eat without 
exceeding	the	average	recommended	daily	fat	requirement.	This	task	requires	the	skill	of	solving	
quadratic	equations.	Through	a	set	of	exercises,	you	will	apply	several	problem-solving	strategies	
to a real-life situation. 

Among dairy products, cheese is an important component of human nutrition. It is placed at the 
upper levels of the food pyramid in the “Dairy or Calcium Supplement” level; see Figure 1(a). 
Calcium is the most abundant mineral in the body. As listed on the Natural Ways to Health web-
site, the main functions of calcium in the human body are: 

For more information, consult the Natural Ways to Health website: www.naturalways.com, or 
the	Oregon	State	University	Linus	Pauling	Institute	Micronutrient	Research	for	Optimum	Health	
website: http://lpi.oregonstate.edu/infocenter/minerals/calcium/ .

While cheese contains calcium necessary in our diet, it also contains fat, to which most people 
need to be alert. Let us imagine that you are attending a social activity, and plenty of cheddar 
cheese is served. How do you enjoy a wonderful event, yet keep your fat consumption in check? 
Do you eat too much cheddar cheese? 

•	 Calcium	is	responsible	for	construction,	formation,	and	maintenance	of	bone	and	teeth.	This	func-
tion helps reduce the occurrence of osteoporosis. 

•	 Calcium	is	a	vital	component	in	blood	clotting	systems	and	also	helps	in	wound	healing.	

•	 Calcium	helps	to	control	blood	pressure,	nerve	transmission,	and	the	release	of	neurotransmitters.	

•	 Calcium	is	an	essential	component	in	the	production	of	enzymes	and	hormones	that	regulate	
digestion, energy, and fat metabolism. 

•	 Calcium	helps	to	transport	ions	(electrically	charged	particles)	across	membranes.	

•	 Calcium	is	essential	for	muscle	contraction.	

•	 Calcium	assists	in	maintaining	all	cells	and	connective	tissues	in	the	body.	

•	 Calcium	may	help	reduce	the	incidence	of	premature	heart	disease,	especially	if	adequate	intakes	
of magnesium are also maintained. 

•	 Calcium	may	help	to	prevent	periodontal	disease	(gum	disease).	

Source: Natural Ways to Health. (n.d.) Calcium – nutritional health information. Retrieved February 2, 2009, from http://www.naturalways.com/
calciumResearch.htm
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Figure 1(b) presents the cheddar cheese nutrition facts and provides information on what the 
Surgeon General and nutritionists recommend in order to maintain a healthy, nutritious diet 
(based on a maximum daily consumption of 2000 calories per day). Examine Figure 1(b) and 
complete the sentences below by filling in the blanks: 

•	 What	is	the	serving	size?	(in	grams)	_________g

•	 How	many	calories	are	there	per	serving?	_________

•	 How	much	calcium	do	you	ingest	in	one	serving?	(in	percentage)	_________%

•	 How	much	saturated	fat	do	you	ingest	in	one	serving?	(in	percentage)	_________%

•	 How	much	saturated	fat	do	you	ingest	in	one	serving?	(in	grams)	_________g

Before	making	the	connection	between	quadratic	equations	and	cheddar	cheese,	you	must	
understand the concepts of density and volume. Density is defined as the ratio of the mass to the 
volume that the mass occupies. The average density of the piece of cheddar cheese is about   
           g
16 =   (grams per cubic inch). This value will allow you to estimate the amount of cheese
          in3 
you can eat before reaching the recommended daily limit of fat consumption. For instance, if 2 
in3 (two cubic inches) of cheese were consumed, then the amount of grams eaten is
      g
2 in3 × 16  = 32g.
   in3 

Typically, cheddar cheese has a thickness of ½ inch, as depicted in Figure 2. The serving size 
132 g in Figure 1 (b) refers to approximately 1 cup of diced cheese, which is certainly too much 
for most people to eat during a social activity. Indeed, there are 44 g of fat in that portion, which 
is 67% of the recommended daily value. 

Figure 1 (a) Food pyramid, (b) Nutrition facts about cheddar cheese, based on a 2000 
calories/day diet.

© 2008 Harvard University

a b
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Let us assume that you decide to eat, say 50 g of cheese in four pieces, as illustrated in Figure 3. 
How do you cut the cheese to obtain this amount?

Recall that mass is the product of density and volume. The volume of each piece of cheese is 

y  × y  × 
 1
 2

in, see Figure 3, where y is given in inches. For cheddar cheeses, the density is 

16
 g
in3 ; then the mass of each piece is  y × y × 

 1
 2

in × 16
 g
in3 ,	and	the	mass	of	4	pieces	is	equated	to	

the 50 g of cheese you decided to eat.  

 4 × y  ×  y  ×  
 1
 2

in × 16
 g
in3  = 50g   (1),

which after simplification and rearrangement can be written as

  32y2 – 50 = 0   (2).

1.	 In	the	space	below,	solve	Equation	(2)	by	using	the	difference	of	squares	method.	Choose the 
value of y that makes sense with the problem.       

 

2.	 In	the	space	below,	solve	Equation	(2)	by	using	the	square	root	property.	Choose the value of 
y that makes sense with the problem.         

 

3.	 Of	course,	Equation	(2)	is	also	solvable	by	using	the	general	formula.	In	the	space	below,	

Enjoying Cheddar Cheese

Figure 2 Pre-cut cheddar cheese block.

Figure 3 Four pieces of cheese adding up 50 g.
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use	the	quadratic	formula	to	solve	Equation	(2).	Clearly	identify	the	coefficients	a, b, and c. 
Choose the value of y that makes sense with the problem.      
 

 

Final Remarks
4.	 The	results	obtained	in	cases	1,	2,	and	3	have	to	be	same	since	you	solved	the	same	equation	

in	each	case;	you	just	used	a	different	solution	technique	each	time.	Each	piece	is 

 
 5
 4

in by 
 5
 4

in by 
 1
 2

in; this is 1.25 in by 1.25 in by 0.5 in. Four pieces of this size are what 

you should eat at any social activity where cheese is served. The four pieces add up to 50 
grams of cheese, which would provide you with about 36% of your daily calcium needs, but 
will	also	supply	53%	of	your	daily	need	for	saturated	fat,	which	is	quite	a	lot	in	one	single	
snack. 

5.	 Perhaps	nobody	would	actually	solve	a	quadratic	equation	before	eating	cheese	during	a	
social event, but the calculations that you have just performed would awaken you to the 
great amounts of fat that might be contained in basic foods. In the space below, please write 
a script describing your learning from this activity. You must incorporate the following: 

a. The nutritional benefit of cheese.

b. The danger of cheese overconsumption.

c. How to avoid cheese overconsumption using math.

d. What mathematical skills are used in solving this problem?  

References
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source/what-should-you-eat/pyramid/ 
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Genomics and Its Impact on Science and Society
Frank Wang
Department of Mathematics, Engineering, and Computer Science

Objectives 
News on genetic research has been intensely covered 
by the media in recent years. There are many poten-
tial benefits of genetic research, but also some societal 
concerns arising from the new genetics. This activity 
introduces the terminology and basic concepts of bio-
technology. Mathematically, the rules of exponents are 
emphasized. 

Reflection
In our lifetime, we will make many important private 
and	public	decisions	that	require	understanding	of	
current biological research. For example, gene test-
ing promises to diagnose and confirm disease, provide 
prognostic information about the course of disease, and 
predict the risk of future disease in healthy individu-
als or their progeny. In the process of learning about 
biological research in today’s world, related ethical 
questions	arise,	such	as:	who	owns	and	controls	genetic	
information? How does personal genetic information 
affect self-identity and society’s perceptions? As educa-
tors, we have the responsibility to make the latest research results accessible to our students, 
and to provide them with the scientific foundation for considering the broad societal impact of 
genetic research.

The double helix structure of DNA has become an icon of modern science. Part I of the activity 
offers students the opportunity to learn that the four-letter alphabet (A, T, G, C) for DNA is suf-
ficient for the diversity of life, thanks to the rules of exponents. The math concept is not hard to 
understand,	but	the	details	of	protein	synthesis	require	much	more	time	to	explain.	A	one-hour	
lesson will only provide a brief introduction to these concepts. If an instructor intends to adopt 
this activity, he or she should stress how math is used in biological research, and hopefully some 
students will be interested in pursuing further study. 

Part II is inspired by Richard Dawkins’ influential The Selfish Gene.	Dawkins	has	a	unique	gift	for	
explaining a concept so that the reader feels it in the marrow of his or her bones. Genetic related-
ness is one such example. As one will see in the handout, two first cousins share 1/8 of the same 
genes. For relationships as distant as third cousins, only 1/128 of the genes are common, which is 
essentially the same as for any random individual. A humorous but practical exercise in this part 
of	activity	is	to	decline	a	relative’s	request	for	a	favor	based	on	math;	see	the	handout.	I	highly	
encourage instructors to read The Selfish Gene, and instructors should encourage their students to 
do so too.

Part III is concerned with DNA as legal evidence. After performing a simple calculation using the 
properties of exponents, students need to use their number sense to decide whether a prosecu-
tor’s claim is logical.

Math Topics 
Exponents

Purpose 
Motivation

Comments  
This assignment has three parts, and 
takes two class periods to complete

When to Introduce 
Week 4, in conjunction with 
introducing exponents and 
polynomials 

Activity Time Frame 
One hour divided between two class 
periods, and reading assignment as 
homework
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Some	problems	can	be	solved	from	common	sense,	but	this	approach	can	become	inadequate	
when one encounters a more complex situation. Part II illustrates that math is useful in develop-
ing an algorithm, so that one can follow a procedure to solve a problem, which is typically much 
faster than calculating from first principles. However, students need to pay close attention to the 
assumptions on which an algorithm is based, rather than blindly executing the procedure. Both 
the second and third parts alert students that a model is usually simplified, and one needs to be 
aware of the limitation of the model. 

Activity Overview
This activity should be implemented in the fourth week, when Chapter 4 (Exponents and Polyno-
mials) is introduced. There are three parts in this activity.
1. In the first 30-minute in-class session, the instructor should distribute the handout and dis-

cuss how genetic research will impact our society. After doing so, “Genomics and Its Impact 
on Science and Society (Part I)” should be worked out in class. 

2. Students will be asked to read the excerpt of The Selfish Gene, which is in Part II of the hand-
out, after class (for homework). 

3. At the next class (after students have read Part II), the instructor will guide them as they 
perform some calculations of genetic relatedness. 

4. During the third class, students will read and discuss the material in Part III. The instructor 
will use DNA evidence to strengthen students’ understanding of the rules of exponents. 

5. Students should be encouraged to find out more about biological research through the read-
ings and Internet resources; information in the Resources section should be useful. 

Materials and Resources
•	 Handout	

•	 Reading:	Excerpt	from	Dawkins,	R.	(1989).	The Selfish Gene.	Oxford:	Oxford	University	Press.	
(p. 90–93, 98).

•	 Solutions	to	questions	and	exercises

•	 Devlin,	K.,	&	and	Lorden,	G.	(2007).	The Numbers Behind NUMB3RS. New York: Plume. 

•	 Devlin,	K.	(2006,	September).	Statisticians	not	wanted.	The Mathematical Association of Amer-
ica. Retrieved February 4, 2009, from: http://www.maa.org/devlin/devlin_09_06.html

•	 Office	of	Biological	and	Environmental	Research	of	the	U.S.	Department	of	Energy	Office	
of Science. (2003). Genomics and its impact on science and society. Retrieved January 28, 
2009, from http://www.ornl.gov/sci/techresources/Human_Genome/publicat/primer2001/
primer11.pdf 

•	 Ridley,	M.	(1999).	Genome: The Autobiography of a Species in 23 Chapters. New York: Harper 
Collins. 
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Genomics and Its Impact on Science and Society

Handout: Genomics and Its Impact on Science and 
Society  
Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Part I

The genome is an organism’s complete set of DNA. The DNA molecule has a double-helix struc-
ture, first discovered by James Watson and Francis Crick in 1953, based on the x-ray evidence 
obtained by Rosalind Franklin. 

Imagine that the genome is a book. (Ridley, 1999, p.6)

There	are	twenty-three	chapters,	called	CHROMOSOMES.

Each chapter contains several thousand stories, called GENES.

Each	story	is	made	up	paragraphs,	called	EXONS,	which	are	interrupted	by	advertisements,	
called	INTRONS.

Each	paragraph	is	made	up	of	words,	called	CODONS.

Each word is written in letters, called BASES. 

DNA from all organisms is made up of the same chemical and physical components. The DNA 
sequence	is	the	particular	side-by-side	arrangement	of	bases	along	the	DNA	strand.	The	central	
dogma of molecular biology states that the flow of information follows the direction:

 DNA        RNA             proteins.

The	four-letter	alphabet,	A,	T,	G,	C	for	DNA	has	an	equivalent	A,	U,	G,	C	for	RNA.	There	are	20	
common forms of amino acids basic to living systems, 21 if one counts the kind found only in the 
brain. 

Source: http://apimba.org/images/Double%20helix.gif
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Questions 
1. Four different RNA bases (A, C, G, and U) read three at a time. How many distinct combina-

tions can a triplet of four bases form? 

2. Since there are only 20 different kinds of amino acid, argue that the vocabulary of the triplet 
code is more than sufficient to give each different amino acid a different specification.

3. Use your dictionary to find out what the difference is between RNA and NRA. 

Part II: Genomics and Its Impact on Science and Society 

Source: http://www.zanowski.net/images/family-tree2.jpg

Preliminary question:
Every person has two (2) biological parents (they may not have been married), and four (4) 
grandparents. Therefore, one has eight (8) great-grandparents, and sixteen (16) second great-
grandparents. How many third, fourth, and fifth great-grandparents do you have? 

This simple example shows that the number of your ancestors increases rapidly. Indeed, you 
should have more than one million 18th great-grandparents! Find out the exact number.

You might think that everyone is your relative, say your 29th cousin. But how close are you? In 
the influential book The Selfish Gene, Richard Dawkins defined close relatives as two individu-
als who have a greater than average chance of sharing genes. He described a way to determine 
“relatedness” with some math. 
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Genomics and Its Impact on Science and Society

Read the attached excerpt from Dawkins. 

Exercise
1. Calculate the relatedness between you and your nephew.  

2. Calculate the relatedness between you and your second cousin. 

3. Calculate the relatedness between you and your half uncle. 

Reflection
Imagine a situation in which your third cousin asks to borrow money from you, claiming “blood 
is	thicker	than	water.”	Write	a	concise	essay	to	decline	his	or	her	request,	based	on	the	math	you	
have learned. 
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Part III: Genomics and Its Impact on Science and Society
Source: http://www.ornl.gov/sci/techresources/ 

Human_Genome/publicat/primer2001/primer11.pdf, p. 9

Read the following excerpt from “Statisticians not wanted,” by Keith Devlin. For interested stu-
dents, the entire article is available online from the Mathematical Association of America (MAA) 
Online	website.	

Source: Devlin, K. (2006, September). Statisticians not wanted. The Mathematical Association of 
America. Retrieved February 4, 2009, from: http://www.maa.org/devlin/devlin_09_06.html

When two randomly chosen DNA samples match completely in a large number 
of regions, such as the 13 used in the FBI’s system, the probability that they could 
have come from two unrelated people is very small. This fact makes DNA identifi-
cation extremely reliable (when performed correctly). The degree of reliability is 
generally measured by using the product rule of probability theory to determine 
the likelihood of finding a particular profile among a random selection of the 
population. 

For example, consider a profile based on just three sites. The probability that 
someone would match a random DNA sample at any one site is roughly one in 
ten (1/10). So the probability that someone would match a random sample at 
three sites would be about one in a thousand: 

 1/10 × 1/10 × 1/10 = 1/1,000. 

Applying	the	same	probability	calculation	to	all	13	sites	used	in	the	FBI’s	CODIS	

Genomics and Its Impact on Science and Society
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system would mean that the chances of matching a given DNA sample at ran-
dom in the population are about one in ten trillion: 

(1/10)13 = 1/10,000,000,000,000. 

This figure is known as the random match probability (RMP). Since it is computed 
using the product rule for multiplying probabilities, it assumes that the patterns 
found in two distinct sites are independent. Is this assumption justified? Person-
ally, I find this a particularly worrying assumption, and it very definitely is an 
assumption, but genetics is not my area of expertise, and (unlike the California 
Supreme Court) I do not feel comfortable stepping into the specialties of other 
professionals.	Overall	those	specialists	seem	reasonably	confident	in	the	indepen-
dence assumption. In any event, the courts regularly accept the independence 
assumption, and my present focus lies elsewhere, so for the purpose of this essay, 
I’ll simply accept it too.

Discussion
When a prosecutor claims that the probability of accidental DNA mismatch is 

 1/15,000,000,000,000,000 

or	1	in	15	quadrillion,	will	you	accept	his	or	her	statement	(based	on	mathematical	reasoning)?	
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Reading: The Selfish Gene 
Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096))

Source: Dawkins, R. (1989). The Selfish Gene.	Oxford:	Oxford	University	Press.	(p.	90–93,	98).

Suppose you contain one copy of the gene G. You must 
have received it either from your father or from your 
mother (for convenience we can neglect various infre-
quent possibilities – that G is a new mutation, that both 
your parents had it, or that either of your parents had two 
copies of it). Suppose it was your father who gave you the 
gene. Then every one of his ordinary body cells contained 
one copy of G. Now you will remember that when a man 
makes a sperm he doles out half his genes to it. There is 
therefore a 50 per cent chance that the sperm that begot 
your sister received the gene G. If, on the other hand, you 
received G from your mother, exactly parallel reason-
ing shows that half of her eggs must have contained G; 
once again, the chances are 50 per cent that your sister 
contains G. This means that if you had 100 brothers and 
sisters, approximately 50 of them would contain any 
particular rare gene that you contain. It also means that if 
you have 100 rare genes, approximately 50 of them are in 
the body of any one of your brothers or sisters.

You can do the same kind of calculation for any 
degree of kinship you like. An important relationship 
is that between parent and child. If you have one copy 
of gene H, the chance that any particular one of your 
children has it is 50 per cent, because half your sex cells 
contain H, and any particular child was made from 
one of those sex cells. If you have one copy of gene J, 
the chance that your father also had it is 50 per cent, 
because you received half your genes from him, and half 
from your mother. For convenience we use an index of 
relatedness, which expresses the chance of a gene being 
shared between two relatives. The relatedness between 
two brothers is 1/2, since half the genes possessed by one 
brother will be found in the other. This is an average 
figure: by the luck of the meiotic draw, it is possible for 
particular pairs of brothers to share more or fewer genes 
than this. The relatedness between parent and child is 
always exactly 1/2.

It is rather tedious going through the calculations 
from first principles every time, so here is a rough and 
ready rule for working out the relatedness between any 
two individuals A and B. You may find it useful in making 
your will, or in interpreting apparent resemblances in 
your own family. It works for all simple cases, but breaks 

down where incestuous mating occurs, and in certain 
insects, as we shall see.

First identify all the common ancestors of A and 
B. For instance, the common ancestors of a pair of first 
cousins are their shared grandfather and grandmother. 
Once you have found a common ancestor, it is of course 
logically true that all his ancestors are common to A and 
B as well. However, we ignore all but the most recent 
common ancestors. In this sense, first cousins have only 
two common ancestors. If B is a lineal descendant of A, 
for instance his great grandson, then A himself is the 
‘common ancestor’ we are looking for.

Having located the common ancestor(s) of A and B, 
count the generation distance as follows. Starting at A, 
climb up the family tree until you hit a common ances-
tor, and then climb down again to B. The total number of 
steps up the tree and then down again is the generation 
distance. For instance, if A is B’s uncle, the generation dis-
tance is 3. The common ancestor is A’s father (say) and 
B’s grandfather. Starting at A you have to climb up one 
generation in order to hit the common ancestor. Then 
to get down to B you have to descend two generations 
on the other side. Therefore the generation distance is 
1 + 2 = 3.

Having found the generation distance between 
A and B via a particular common ancestor, calculate 
that part of their relatedness for which that ancestor 
is responsible. To do this, multiply 1/2 by itself once for 
each step of the generation distance. If the generation 
distance is 3, this means calculate 1/2 × 1/2 × 1/2 or (1/2)3. If 
the generation distance via a particular ancestor is equal 
to g steps, the portion of relatedness due to that ancestor 
is (1/2)g.

But this is only part of the relatedness between A 
and B. If they have more than one common ancestor we 
have to add on the equivalent figure for each ancestor. 
It is usually the case that the generation distance is the 
same for all common ancestors of a pair of individuals. 
Therefore, having worked out the relatedness between 
A and B due to any one of the ancestors, all you have 
to do in practice is to multiply by the number of ances-
tors. First cousins, for instance, have two common 
ancestors, and the generation distance via each one is 

Genomics and Its Impact on Science and Society
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4. Therefore their relatedness is 2 × (1/2)4 = 1/8. If A is B’s 
great-grandchild, the generation distance is 3 and the 
number of common ‘ancestors’ is 1 (B himself ), so the 
relatedness is 1 × (1/2)3 = 1/8. Genetically speaking, your 
first cousin is equivalent to a greatgrandchild. Similarly, 
you are just as likely to ‘take after’ your uncle (relatedness 
= 2 × (1/2)3 = 1/4) as after your grandfather (relatedness = 
1 × (1/2)2 = 1/2).

For relationships as distant as third cousin 
(2 × (1/2)8 = 1/128) we are getting down near the baseline 
probability that a particular gene possessed by A will be 
shared by any random individual taken from the popula-
tion. A third cousin is not far from being equivalent to 
any old Tom, Dick, or Harry as far as an altruistic gene 
is concerned. A second cousin (relatedness = 1/32) is only 
a little bit special; a first cousin somewhat more so (1/8). 
Full brothers and sisters, and parents and children are 
very special (1/2), and identical twins (relatedness = 1) 
just as special as oneself. Uncles and aunts, nephews and 
nieces, grandparents and grandchildren, and half broth-
ers and half sisters, are intermediate with a relatedness of 
1/4 (Dawkins, 90–93).

Estimates of relatedness are also subject to error and 
uncertainty. In our over-simplified calculations so far, we 
have talked as if survival machines know who is related to 
them, and how closely. In real life such certain knowledge 
is occasionally possible, but more usually the relatedness 
can only be estimated as an average number. For exam-
ple, suppose that A and B could equally well be either half 
brothers or full brothers. Their relatedness is either 1/4 or 
1/2, but since we do not know whether they are half or full 
brothers, the effectively usable figure is the average, 3/8. If 
it is certain that they have the same mother, but the odds 
that they have the same father are only 1 in 10, then it is 
90 per cent certain that they are half brothers, and 10 per 
cent certain that they are full brothers, and the effective 
relatedness is 1/10 × 1/2 + 9/10 × 1/4 = 0.275 (Dawkins, 98).

Genomics and Its Impact on Science and Society
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Solutions
Part I Questions
1. Four different RNA bases (A, C, G, and U) read three at a time. How many distinct combina-

tions can a triplet of four bases form? 

 Answer: 4 × 4 × 4 = 43 = 64

2. Since there are only 20 different kinds of amino, argue that the vocabulary of the triplet code 
is more than sufficient to give each different amino acid a different specification.

 Answer: The reason in part is that there are 20 different amino acids, and 64 different com-
binations possible in a codon (see the answer for Question 1). Indeed, the genetic code is 
redundant: in selecting among 20 amino acids, there are 64 possible combinations. 

3. Use your dictionary to find out what the difference is between RNA and NRA.

 Answer: RNA means ribonucleic acid, while NRA means National Rifle Association. They are 
totally different. 

Part II Preliminary questions
1. Every person has two (2) biological parents (they may not have been married), and four (4) 

grandparents. Therefore, one has eight (8) great grandparents, and sixteen (16) second great 
grandparents. How many third, fourth, and fifth great grandparents do you have?

 Answer: There	are	16	second	great	grandparents,	as	stated	in	the	question.	Therefore,	
there are 16 × 2 = 32 third great grandparents, 32× 2 = 64 fourth great grandparents, and  
64 × 2 = 128 fifth great grandparents.

 When it comes to 18th great grandparents, let us be more systematic. The above calcula-
tions can be restated as the following. There are 25 third great grandparents, 26 fourth great 
grandparents, and 25 fifth great grandparents. By induction, we figure that there are 220 18th 
great grandparents. Using a calculator, we evaluate  220 = 1,048,576. 

Part II Exercises
1. Calculate the relatedness between you and your nephew. 

 Answer: The common ancestors of you and your nephew are your parents (who are your 
nephew’s grandparents). You climb up 1 generation to reach your parents, then descend 2 
generations to reach your nephew. The relatedness is 

  2 × ( 1 2 )1+2
 = 2 × ( 1 2 )3

 =  1
 4

2. Calculate the relatedness between you and your second cousin.

 Answer: Second cousins share the same great grandparents; they are 3 generations up. You 
climb up 3 generations, then descend 3 generations. The relatedness is

  2 × ( 1 2 )3+3
 = 2 × ( 1 2 )6

 =  1
 32

3. Calculate the relatedness between you and your half uncle.

Genomics and Its Impact on Science and Society
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 Answer: Half uncle means that he is one of your parents’ half brother, thus he shares only one 
common ancestor with one of your parents. The number of common ancestors of yours and 
your half uncle’s is 1. You climb up 2 generations to that ancestor, then descend 1 generation 
to your half uncle. The relatedness is 

  1 × ( 1 2 )1+2
 = 2 × ( 1 2 )3

 =  1
 8

  . 

Genomics and Its Impact on Science and Society
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The Eye and Eyeglasses
Frank Wang
Department of Mathematics, Engineering, and Computer Science

Objectives 
Many students wear glasses or contact lenses. The 
optical power of a lens, measured in diopters (used by 
optometrists and ophthalmologists), is the reciprocal 
of the focal length. This exercise is designed to make 
students appreciate the connection between math and 
everyday	life.	Through	manipulating	the	lens	equation,	
students	acquire	knowledge	of	rational	expressions	and	
complex fractions.

Reflection
Although it is difficult to find situations in which the 
knowledge of complex fractions is crucial, the lens 
equation	offers	such	a	possibility,	at	least	as	an	intro-
duction. It is easy to demonstrate how the lens bends light to form an image, using online Java 
applets, and students generally develop the basic ideas of geometric optics. Students are typically 
very engaged when asked to measure their own “near point” (the closest distance for which one 
can read the page), and this simple experiment helps students to connect the theory to practice. 
Once	students	are	motivated,	the	instructor	can	demonstrate	the	usefulness	of	the	lens	equation,	
and guide students to practice rational expression manipulation. After this activity, the instructor 
might want to continue to work out additional exercises from the textbook. 

Activity Overview
The instructor should give the handout to students, and if possible ask them about their eyeglass 
prescriptions. The following steps might help the instructor who intends to adapt this activity.

1. It will be ideal if the lesson is given in a computer lab, so students can experiment with the 
Java applet while reading the handout. If the lesson is taught in a room with a projector, the 
teacher can ask students to read for five minutes, and then use the Java applet to demon-
strate how the lens bends the light. At this point, the instructor might ask students to read 
the text again so they would better understand and appreciate the underlying physical prin-
ciples. 

2. Students should be given about five minutes to find their own near points. The instructor is 
advised to bring some rulers, because most students will probably come to classroom without 
one. 

3. As with textbook examples, the instructor should show three sample calculations. 

4.	 Depending	on	the	available	time,	students	might	answer	the	questions	in	the	handout	either	
in class or after class. 

5. After collecting students’ answers, the instructor then distributes the Solution Sheet. 

Math Topics 
Rational expressions, complex 
fractions 

Purpose 
Motivaton

When to Introduce  
Week 8  

Activity Time Frame 
Thirty minutes in class
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Materials and Resources
•	 Handout	#1:	Sample	Calculations	

•	 Handout	#2:	Solutions

•	 Reading:	Serway,	R.	&	Jewett,	J.	(2008).	Physics for Scientists and Engineers (7th ed.). Florence: 
Brooks Cole. 1033–1035.

•	 For	a	Java	applet	to	demonstrate	how	a	lens	bends	light,	see:	Hwang,	F.	(2004,	January	
29). Thin lens (converging/diverging lens/mirrors). The NTNUJAVA Virtual Physics Laboratory. 
Retrieved February 4, 2009, http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=48 

•	 Rulers	

 



119 Project Quantum Leap  SAMPLER

The Eye and Eyeglasses

Handout #1: Sample Calculations 
Wang  | Elementary Algebra – Problems and Issues in Public Health (MAT096)

After	you	have	read	the	Preliminary	Reading	adapted	from	Serway	&	Jewett,	
perform the calculations below.

1. Professionals prescribe lenses of power P measured in a diopters, which is related to the focal 
length f  (in meters) by

   P =  1
 f

 For a converging lens of focal length +20 cm, we convert +20 cm to +0.2 m. Therefore, 

   P =  1
0.2

 = 5.0 diopters.

 For a diverging lens of focal length –40 cm, we convert –40 cm to –0.4 m, and obtain 

   P = 
   1
- 0.4  = - 2.5 diopters.

2. A converging lens has a focal length of 10.0 cm. An object is placed 30.0 cm from the lens. 
Find the image distance.

 Solution:	The	lens	equation	is

    1
 p

 +  1
 q

 =  1
 f

	 Substitute	given	values	into	the	lens	equation,	

     1
 10

 +  1
 q

 =  1
 30

  we obtain the solution q = 15 (cm).

3.	 For	the	above	problem	in	a	general	setting,	we	can	also	manipulate	the	lens	equation	to	
obtain a formula for:

     1
 p

 +  1
 q

 =  1
 f

    1
 q

 =  1
 f

 –  1
 p

  q = 
   pf
 p – f  

Questions
1.	 Over-the-counter	reading	glasses	are	typically	rated	at	+1.00	to	+3.00	diopters.	Calculate	the	

focal lengths (in cm) of reading glasses of (a) +1.00 diopter; (b) +2.00 diopters, and (c) +2.5 
diopters. 

2. A converging lens has a focal length of 20.0 cm. Locate the image for object distances of (a) 
40.0 cm, (b) 20.0 cm, and (c) 10.0 cm. 

3. The eyes of an elderly person have near points of 70 cm. What must the focal length of cor-
rective lenses be in order for this person to read a book at a distance of 30 cm? What is the 
power of the lens in diopters?

 Hint: The eyes and eyeglasses together can be considered a compound lens system. For a compound 
lens system made of two lenses, the focal length is given by 

    1
 f1

 +  1
 f2

 =  1
 f
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Handout #2: Solutions  

Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Solutions
1.	 Over-the-counter	reading	glasses	are	typically	rated	at	+1.00	to	+3.00	diopters.	Calculate	the	

focal lengths (in cm) of reading glasses of (a) +1.00 diopter; (b) +2.00 diopters, and (c) +2.5 
diopters. 

 Answer: 

 a) f  =  1
 p

 =   1
 1

 = 1 meters.

 b) f  =  1
 p

 =   1
 2

 = 0.5 meters.

 c) f  =  1
 p

 =   1
2.5

 = 0.4 meters.

2. A converging lens has a focal length of 20.0 cm. Locate the image for object distances of (a) 
40.0 cm, (b) 20.0 cm, and (c) 10.0 cm.

 Answer: 

 a)  1
40

 +  1
 q

 =   1
20

, q = 40 cm.

 b)  1
20

 +  1
 q

 =   1
20

,   1
 q

 =  0,  q is undefined.

 c)  1
10

 +  1
 q

 =   1
20

, q = – 20 cm.

3. The eyes of an elderly person have near points of 70 cm. What must the focal length of cor-
rective lenses be in order for this person to read a book at a distance of 30 cm? What is the 
power of the lens in diopters? 

 Answer:  
We can prove that the focal length of the combination of two thin lenses is given by

  (1)  1
 f

  =   1
 f1

 +  1
 f2

.  For uncorrected eyes,   1
 70

  +   1
 q

 =   1
 f1

 where q is the distance between the pupil and the retina, and f1
 the focal length of the crys-

talline lens. For corrected eyes, 

  (2)  1
 30

  +   1
 q

 =   1
 f

 =   1
 f1

 +   1
 f2

 where f2
 is the focal length of corrective lenses.

 From (1) and (2), we solve for f2
, which is

   
105
  2

=  52.2 (cm). In terms of power, p =        1
  0.525

  ~= 1.905 (diopters).

The Eye and Eyeglasses
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The Eye and Eyeglasses

Reading: How Eyes and Lenses Work 
Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Source:	Serway,	R.	&	Jewett,	J.	(2008).	Physics for Scientists and Engineers, Seventh Edition. Florence: 
Brooks Cole. Pages 1033–1035.

A normal eye can focus a sharp image of an object on the retina (at the rear of the eye). Although 
the mechanisms by which the eye adjusts to produce correctly focused images are complex and 
intricate, it is possible to understand the principle of image formation using basic math. We 
utilize a Java applet from the NTNUJAVA Virtual Physics Laboratory website to demonstrate the 
behavior of light rays passing through a lens. http://www.phy.ntnu.edu.tw/ntnujava/index.
php?topic=48

The location of the object and that of the image formed by a lens is governed by the lens  
	equation
    1

 p
 +  1

 q
 =  1

 f

where p is the object’s distance to the lens, q  is the image’s distance to the lens, and f is the lens’s 
focal length. Evidently we need the skills of manipulating rational expressions and solving ratio-
nal	equations	to	use	this	equation.

The eye focuses on an object by varying the shape of the pliable crystalline lens through a process 
called accommodation. The lens adjustments take place so swiftly that we are not even aware 
of the change. Accommodation is limited in that objects very close to the eye produce blurred 
images. The near point is the closest distance for which the lens can accommodate to focus light 
on the retina. This distance usually increases with age and has an average value of 25 cm. The 
far point of the eye represents the greatest distance for which the lens of the relaxed eye can focus 
light on the retina. A person with normal vision can see very distant objects and, therefore, has a 
far point that can be approximated as infinity.
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Figure 1: An ideal lens bends light according the lens equation 1/p + 1/q =  1/f.
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The Eye and Eyeglasses

Find out your own near point: 
Remove your glasses or contacts if you wear any, close one eye, and then bring this page closer 
to your open eye until it becomes indistinct. The distance from the page to your eye is the 
near point. 

When the eye suffers a mismatch between the focusing range and ? light rays from an object will 
not converge to form an image on the retina. Nearsightedness can be corrected with a diverging 
lens,	and	farsightedness	can	be	corrected	with	a	converging	lens.	Optometrists	and	ophthalmolo-
gists usually prescribe lenses measured in diopters: the power P	of	a	lens	in	diopters	equals	the	
inverse of the focal length in meters, P = 1/f. For example, a converging lens of focal length +20 
cm has a power of +5.0 diopters, and a diverging lens of focal length –40 cm has a power of –2.5 
diopters. Let us work out some examples.

Figure 2: A simple way to find your own near point.

Figure 3: The nearsighted eye, and the defect remedied by concave glasses.

Source: http://tinyurl.com/c67dzs
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Toxic Bulbs
Frank Wang
Department of Mathematics, Engineering, and Computer Science

Objectives 
Students have heard energy experts suggesting that 
they replace regular incandescent light bulbs with com-
pact fluorescent bulbs to reduce electricity consumption. 
However, there are no costless solutions to environmen-
tal protection, since all measures create their own sets 
of side effects. This activity is based on a short article in 
Scientific American. It guides students through an analy-
sis of many environmental issues. The math involved 
includes number sense and rational expressions.   

Reflection
This project is straightforward. Even non-math faculty 
found the issue to be interesting. To many students, 
this assignment was an eye-opener because they were 
not aware of the possible side effects of mercury pol-
lution if we do not recycle. Most corporations such as 
Wal-Mart are slow in implementing recycling programs 
because they will obviously reduce profits. This assign-
ment gave students the opportunity to examine an issue 
from different points of view. It also contained a sample 
calculation, and by doing it in class, students learned 
the meaning of the technical term kilowatt hour, which 
many students have seen in their utility bills.

This lesson first appeared on LaGuardia Community College’s An Inconvenient Truth teaching 
resources website . After suggestions by my colleagues in the Project Quantum Leap seminar 
series, I made several revisions. I particularly thank Dr. Judit Török and Dr. Javier Roldan McKin-
ley for reviewing my lesson and solving the problems as if they were students. Their hard work 
provided me with the most valuable feedback; as a result this lesson became much more compre-
hensible. Dr. McKinley’s admirable solution is included as a resource to help an instructor check 
students’	work.	Ros	Orgel’s	critical	reading	of	my	text	gave	me	the	idea	to	incorporate	a	Con	
Edison	bill	to	help	students	connect	math	to	their	lives.	My	experience	shows	how	peer	critique	
can strengthen a lesson, in turn enriching student learning. 

Activity Overview
Based on feedback from math and non-math faculty, this activity is easy to understand. Depend-
ing on available time, this activity can take as few as 15 minutes, or as many as  
60 minutes. 

The instructor should distribute the handout to students, and spend approximately five minutes 
discussing how energy production (from coal-fired, natural gas-fired or nuclear power plants) 
inevitably associates with some environmental impact. Although it is obvious that reducing elec-

Math Topics 
Rational expressions

Purpose 
Motivation

Comments  
Based on reading a Scientific American 
article.

When to Introduce 
Week 7 

Duration 
One week 

Activity Time Frame 
Two class sessions are required to 
complete Part 1 of the activity, with 
students working in small groups. Two 
additional weeks will be needed in 
order to complete subsequent parts of 
the activity independently and to write 
a summary reflective essay. 
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tricity consumption is a desirable act, the pollution that results from compact fluorescent bulbs 
serves as an example to illustrate that there are no costless solutions to environmental problems. 

Time permitting, the instructor might go over the sample calculation; if not, it is not difficult for 
students to work out the answer by themselves. Students should be told that they are expected to 
(i)	read	the	article;	(ii)	perform	calculations	and	answer	the	questions;	and,	(iii)	write	a	reflection.	
It	will	be	helpful	to	read	the	guiding	questions	(reprinted	below)	to	students.	

•	 What	are	the	environmental	challenges	that	we	are	facing?	

•	 What	are	the	advantages	and	disadvantages	of	replacing	regular	incandescent	light	bulbs	
with compact fluorescent bulbs (CFLs)? 

•	 Describe	a	CFL	recycling	program	in	your	area,	and	make	this	information	known	to	the	
readers of your essay.

Materials and Resources
•	 Handout

•	 Reading:	Appell,	D.	(October	2007).	Toxic	bulbs.	Scientific American. 30–31. 

•	 Example	of	a	ConEdison	electricity	bill

•	 For	the	solution	prepared	by	Dr.	Javier	Roldan	McKinley,	please	contact	Frank	Wang	at	
fwang@lagcc.cuny.edu for instructor’s version with answers.

•	 Environmental	Protection	Agency	U.S.	Department	of	Energy	Energy	Star.	(n.d.)	Compact 
fluorescent light bulbs for consumers. Retrieved February 4, 2009, from http://www.energystar.
gov/index.cfm?c=cfls.pr_cfls

•	 You	can	also	find	a	CFL	recycling	program	in	your	area	by	visiting	www.lamprecycle.org.	
National Electrical Manufacturers Association. (2003). Lamp recycling.org. Retrieved February 
4, 2009, from http://www.lamprecycle.org/ 
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Handout: Toxic Bulbs  
Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Activity
More consumers are placing compact fluorescent light bulbs (CFLs) in their shopping baskets. 
Using 25 percent of the energy of standard incandescent light bulbs, and lasting 10 times longer, 
the swirly little tubes have become a symbol of green living and a means to fight climate change. 
Yet CFLs have a downside: the bulbs contain mercury and cannot be tossed out with ordinary 
trash. 

Source: http://dannyseo.typepad.com/photos/uncategorized/2007/06/10/cfl.jpg

SENCER Approach
You will put your scientific knowledge and mathematical skills to immediate use in understand-
ing	CFL-related	environmental	issues.	After	you	read	the	assigned	article,	you	will	answer	ques-
tions and perform mathematical calculations involving:

a. percentages

b. number sense

c.	 equations

d. linear functions
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Reading: Toxic Bulbs  
Wang  Elementary Algebra – Problems and Issues in Public Health (MAT096)

Source:	Appell,	D.	(October	2007).	Toxic	bulbs.	Scientific American. 30–31.



127 Project Quantum Leap  SAMPLER

Toxic Bulbs

Sample Problem
Energy experts tell us to replace regular incandescent light bulbs with compact fluorescent bulbs, 
but it seems hard to justify spending $15 on a light bulb. A 60 W incandescent bulb costs 50 cents 
and has a lifetime of 1000 hours. A 15 W compact fluorescent bulb produces the same amount of 
light as a 60 W incandescent bulb and is intended as a replacement. It costs $15 and has a life-
time of 10,000 hours. Compare the life-cycle costs of 60 W incandescent bulbs to 15 W compact 
fluorescent bulbs. Which is the cheaper source of light? Assume that electricity costs $0.10/kWh. 

Answer
Before solving this problem, let’s understand what $0.10/kWh in the last sentence means. Exam-
ine a Con Edison bill (see sample below). Did you find a line that reads “Total KWH used in 30 
days?” The unit KWH is an abbreviation of the term “kilowatt-hour,” a unit that measures energy 
consumption.	Below	that	line,	you	should	find	charges	for	electricity	used,	and	“COST/KWH”	
(cost per kilowatt-hour). The cost rate typically varies and is not our main concern. The bottom 
line is that electricity usage is measured in kilowatt-hours, and in this example we assume that 
each kilowatt-hour costs 10 cents, which is fixed. 

Fluorescent bulb 
 Cost of bulb: 15.00 
 Cost of electricity for 10,000 hours:

   15 × 10,000 = 
   0.1
1,000  = 15.00   

 Total cost: 15.00 + 15.00 = 30.00 dollars

Incandescent bulb
 Number of bulbs needed for 10,000 hours: 10,000/1000 = 10 
 Cost of bulbs:  10 × 0.50 = 5.00.
 Cost of electricity:

   60 × 10,000 = 
   0.1
1,000  = 60.00   

 Total cost: 60.00 + 5.00 = 65.00 dollars

Conclusion 
Although an incandescent bulb is much cheaper, in the long run (10,000 hours), the fluorescent 
bulb will cost $30.00, while the incandescent bulb will cost $65.00. 
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Questions
1.  Roughly two billion CFLs will be sold in the U.S. this year, representing 5 percent of total light 

bulb sales. What is the total amount of total light bulb sales in the United States?

2.  In the U.S. about one sixth of children are born having been exposed to mercury levels so 
high that they are at risk for memory loss and learning disability. Let us suppose that there 
are 84 million children in the U.S. How many children are at risk? 

3.  According to the article, each CFL contains about five milligrams of mercury. Wal-Mart 
announced a goal of selling 100 million CFLs annually. How many grams of mercury are 
contained in 100 million CFLs? 

4.  The recycling rate for fluorescent bulbs in the U.S. is about 24 percent. Let us assume a recy-
cling rate of 25 percent for the Wal-Mart CFLs. How many grams of mercury is not recycled? 

5. What do you do if you accidentally break a CFL?

Reflection
There is no costless solution to environmental protection, and all measures create their own sets 
of issues. After performing the above calculations, write an essay to reflect your learning. Quanti-
tative reasoning is generally the strongest support for an argument. Therefore, when writing your 
essay, you need to incorporate the mathematical work that you have performed. The following 
guiding	questions	will	help	you	organize	your	essay.	

1. What are the environmental challenges that we are facing?

2. What are the advantages and disadvantages of replacing regular incandescent light bulbs 
with compact fluorescent bulbs?

3. Describe a CFL recycling program in your area, and make this information known to the 
readers of your essay.

You might visit the website of the Environmental Protection Agency at http://www.energystar.
gov/index.cfm?c=cfls.pr_cfls .

You can also find a CFL recycling program in your area by visiting www.lamprecycle.org. 

Toxic Bulbs
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What Happened to the AIDS Epidemic?
Frank Wang
Department of Mathematics, Engineering, and Computer Science

Objectives 
Students will put their scientific knowledge and math-
ematical skills to immediate use in understanding HIV/
AIDS-related health issues. After they read an assigned 
article from Science,	they	will	be	asked	to	answer	ques-
tions and perform mathematical calculations involving 
(1)	percentages,	(2)	number	sense,	(3)	equations,	(4) lin-
ear	functions,	and	(5)	quadratic	function.			

Reflection
Since the AIDS epidemic was officially recognized in 
1981, it has killed more than half a million Americans, 
a total exceeding all American combat-related deaths 
in	all	wars	fought	in	the	20th	century.	Over	the	last	
decade, annual AIDS cases and deaths have fallen 
dramatically due to great advances in treatment and 
prevention education. As a result, the general pub-
lic appears to find the AIDS epidemic less alarming. 
However, there are still reasons for concern. Is the AIDS crisis over? How do governmental policies 
impact the AIDS epidemic? What community leadership is needed for HIV/AIDS prevention?

In	this	activity,	I	tried	to	design	problems	that	require	the	integration	of	various	mathematical	
skills to address HIV/AIDS-related health issues. Students need to understand the language and 
factual information in the problem, translate the problem using relevant information to create 
an	adequate	mental	representation,	devise	and	monitor	a	solution	plan,	and	execute	adequate	
procedural calculations. Students were asked to write an essay, supported by the data and math-
ematical models.

After I implemented this activity, most students were conscious of incorporating numerical 
information in their “AIDS Epidemic” essays. The positive aspect is that students were compelled 
to incorporate math into their writing, and they got a flavor of technical communication among 
professionals. However, insertion of data and math reasoning were rather unnatural; most stu-
dents merely paraphrased statements in the assigned reading or other sources, combining them 
with personal impressions. Nevertheless, I believe that the outcome of this project was positive. I 
suspect that students do not often get to practice technical writing. Even though students did not 
produce	papers	of	consistently	satisfactory	quality,	I	believe	they	should	be	commended	for	their	
efforts. 

Activity Overview
This activity should be introduced in the fifth week of the semester; the activity spreads over five 
weeks.

Fifth week (15 minutes in class): Distribute the handout and reading. Briefly describe to students 
the issues related to HIV/AIDS, particularly the statistical trend, and ask students to read the 
article at home. 

Math Topics 
Linear equations, rational expressions, 
quadratic formula

Purpose 
Synthesis

Comments  
Based on a Science magazine article

When to Introduce 
Week 5  

Activity Time Frame 
Five weeks
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Sixth	week	(15	minutes	in	class):	Give	students	the	opportunity	to	ask	questions	arising	from	
reading the article, and ask them to attempt Problems 1–6 in the handout. 

Seventh week (45 minutes in class): Check students’ work on Problems 1–6, and give students 
hints on Problems 7–8. 

Eighth week (45 minutes in class): Go over Problems 7 and 8, which illustrate the concepts of 
linear	and	quadratic	equations.

Ninth week (30 minutes in class): Wrap up the activity with a class discussion or additional 
review, and ask students to write a reflection. 

Materials and Resources
1. Handout (Please contact Frank Wang at fwang@lagcc.cuny.edu for instructor’s version with 

answers) 

2. Reading: Jaffe, H. (2004, August 27).Whatever happened to the U.S. AIDS epidemic? Science, 
305, 1243–1244. 

3. Centers for Disease Control and Prevention. (2009, January 14). Basic Statistics. Retrieved 
February 4, 2009, from http://www.cdc.gov/hiv/topics/surveillance/basic.htm

4. McNeil, D. (2007, March 31). Audit finds Bush’s AIDS effort limited by restrictions. New York 
Times, A12.
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Handout: What Happened to the AIDS Epidemic?  
Wang  Elementary Algebra – Problems and Issues in Public Health (MAT096)

Introduction
Since the AIDS epidemic was officially recognized in 1981,1  it has killed more than half a million 
Americans, a total exceeding all American combat-related deaths in all wars fought in the 20th 
century.	Over	the	last	decade,	annual	AIDS	cases	and	deaths	have	fallen	dramatically	due	to	
great advances in treatment and prevention education. As a result, the general public appears to 
find the AIDS epidemic less alarming. However, there are still reasons for concern. 

SENCER Approach
You will put your scientific knowledge and mathematical skills to immediate use in understand-
ing	HIV/AIDS-related	health	issues.	After	you	read	an	assigned	article,	you	will	answer	questions	
and perform mathematical calculations involving:
•	 percentages
•	 number	sense
•	 solving	equations
•	 linear	functions
•	 quadratic	functions

Is the AIDS crisis over? How do governmental policies impact the AIDS epidemic? What com-
munity leadership is needed for HIV/AIDS prevention? You should be able to address these issues 
after this exercise. 

You will write an essay to reflect your learning. You need to incorporate the data and mathemati-
cal models into your paper. Specifically, you will discuss the projections suggested by the math-
ematical models and graphs. 

Reading Assignment 
Jaffe, H. (2004, August 27).Whatever happened to the U.S. AIDS epidemic? Science, 305, 
1243–1244.

Questions
1. The article cites a Kaiser Family Foundation survey of Americans’ opinions on the world’s 

health problems. Based on the survey, what are the two most urgent health problems facing 
the world today? 

2. Let us assume that a telephone survey was conducted, interviewing 2500 people in the 
United States.2 

1 On June 5, 1981, the Centers for Disease Control and Prevention issued its first warning about a disease that 
would become known as AIDS.

2 The actual Kaiser Family Foundation survey included an oversample of African-American and Latino respon-
dents, then weighted results for all groups to reflect their actual distribution in the nation. Here we use a 
simplified model for students. 
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a. If the conclusion is that 36% of Americans believe that AIDS is the most urgent health 
problem, how many respondents among the 2500 surveyed provided that response? 

b. If 1,025 out of 2,500 respondents answered that cancer was the most urgent health prob-
lem, what is the percentage of Americans who provided that response? 

3. The 2005 federal budget for domestic and global HIV/AIDS funding is $19.8 billion, a 7% 
increase over the 2004 fiscal year. What is the budget for the 2004 fiscal year?

4. What is the most important demographic (racial background and economic status) shift of 
persons with AIDS stated in the article?

This figure shows the number of new AIDS cases, deaths, and persons living with AIDS in the 
United States. 

Stop to think: What are the reasons that the number of Americans living with AIDS continue 
to rise? What if the incidence curve lies beneath the deaths curve (namely the number of annual 
deaths is greater than the number of newly infected cases)? 

5. The number of Americans living with AIDS continues to rise. From the figure, what is the 
approximate AIDS prevalence as of 2002?

6. Approximately how many Americans became HIV infected in 2002? 
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The number of new AIDS cases, deaths, and persons living with AIDS in the 
United States.

Source: http://www.sciencemag.org/cgi/content/full/305/5688/1243

Year 2001 2002 2003 2004 2005

Prevalence 
(thousands)

341 364 387 409 438
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The updated number of Americans living with AIDS is extracted from the CDC database and 
shown below. Based on the graph, the increase is best modeled by a linear function. 

Using computer software such as MAPLE, Excel, or a TI-83 calculator, we obtain a best-fit linear 
function y = 23.9t + 316.1 where y is the number of persons with AIDS in thousands and t is years 
since 2000. 

7.	 Based	on	the	best-fit	linear	model,	answer	the	following	questions.
a. What is the projection of prevalence for 2007?

b. In what year will the prevalence reach 500,000? 

The CDC estimates that about 40,000 Americans become HIV-infected each year. The data over 
the past five years is extracted from the CDC database and shown below. We observe that after 
years	of	declining,	the	number	of	new	cases	increased	in	2005.	We	use	a	quadratic	function	to	
model such a trend. 

Thousands

480

460

440

420

400

380

360

340

320

0
Years since 2000

1 2 3 4 5 6 7

The number of new AIDS cases, deaths, and persons living with AIDS in the 
United States.
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Again using computer software such as MAPLE, Excel, or a TI-83 calculator, the best-fit model is 
z = 0.786t2 – 5.41t + 50.0 where z is the number of new cases per year and t is years since 2000.

8.	 Based	on	the	best-fit	quadratic	model,	answer	the	following	questions.
a. What are the projections of infection for 2006 and 2007? 

b.	 If	we	allow	the	trend	based	on	the	quadratic	model	to	continue,	when	will	AIDS	incidents	
reach the 1993 height of 80,000 cases? 

9. Sharing of needles and syringes is the main route of HIV transmission among injection drug 
users. What is the approximate percentage of newly-diagnosed persons with AIDS infected 
this way?  

Thousands

80

60

40

20

0
0
Years since 2000

1 2 3 4 5 6 7

The number of new AIDS cases, deaths, and persons living with AIDS in the 
United States.

What Happened to the AIDS Epidemic?



137 Project Quantum Leap  SAMPLER

The chart above is taken from an article “Audit Finds Bush’s AIDS Effort Limited by Restrictions” 
in the New York Times, March 31, 2007, A12.

10. Congresswoman A believes that abstinence education is ineffective and that the current 
administration overemphasizes this single-minded approach. Congressman B is an ardent 
supporter of the current administration and defends the President’s every policy. From the 
chart, Congressman B told Congresswoman A that the President has indeed decreased absti-
nence education funding from 31% in 2004 to 26% in 2005. Congresswoman A refuted such 
a claim and advised Congressman B to review basic math. Who is right? Explain.

ePortfolio Reflection 
Write a 2-page essay to reflect your learning after this activity. Think carefully about where the 
discussion	of	the	mathematical	work	will	be	placed	in	your	essay.	Some	of	the	questions	below	
might help you to build your essay.
1. When you hear someone saying that the AIDS epidemic is over, how would you respond 

based on your calculations? 

2.	 Based	on	the	quadratic	model,	how	long	will	it	take	for	newly	HIV-infected	cases	to	reach	the	
highest number since the early 1990s?

What Happened to the AIDS Epidemic?
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3.	 Overall,	AIDS	case	rates	are	10	times	higher	for	African	Americans	than	for	white	Americans.	
What are the reasons?

4. What is the impact of AIDS on African-American women and youth?

5. The article concludes that more community leadership is needed for HIV prevention. What 
can you contribute as a citizen in your community? 

6. Does the government hamper efforts to slow the spread of the AIDS epidemic by imposing 
programs based on ideological, not health concerns? 
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Reading: What Happened to the AIDS Epidemic?  
Wang | Elementary Algebra – Problems and Issues in Public Health (MAT096)

Source: Jaffe, H. (2004, August 27).Whatever happened to the U.S. AIDS epidemic? Science, 305, 
1243–1244.
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