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Basic skills mathematics students benefit from a teaching approach that 
involves contemporary environmental issues. The reasons are twofold: 
First, student awareness of what is going on in the world prepares them 
to make wise decisions, in their personal lives and in the public sphere. 
The hard, clear results that math provides can illuminate the very real 
effect humans have on the planet. Second, when math examples con-
nect to environmental issues, students who have not been engaged in 
previous math classes find themselves engaged. Traditional approaches 
used to teach pre-algebra, algebra, and other fundamental topics have 
not worked for students taking these courses at a college level. Abstrac-
tion and overly contrived questions are likely to leave students at sea. 
Although there are, of course, many subjects that might engage students 
in a basic skills math course, an environmental theme provides course 
content that can give them the power to understand, sustain, and 
change the world. By making connections between basic skills math 
and the impact of human behavior on our planet, students can grasp 
an understanding of both. 

In this paper, I provide an explanation for the blocks that basic 
skills students often bring to class and show several attempts I have 
made, as an instructor, at integrating environmental material to help 
students move past their blocks and, simultaneously, have an impact 
on their world. Central to my approach is the problem-solving method 
of mathematician György Pólya. 

At LaGuardia Community College, basic skills math is taught in the 
Introduction to Algebra course (MAT095). I have taught the course for 
three years and, during that time, I have been able, to a limited degree, 
to test the effectiveness of teaching basic skills math using environmen-
tal themes.



Block Breaking
The kind of math that is taught in a basic skills class is, in a sense, 
more concrete and more connected to the everyday than any other 
math taught at a university. And yet, the mechanics of solving simple 
problems and the use of numbers and symbols can obscure for students 
what is really occurring, making math appear abstract and detached 
from real life. The trains, scales, and miles of the typical textbook prob-
lem that students face are very separate from their lives, are very much 
“of the problem,” and certainly do little to engage or inspire. Students 
see mental snares and fear what seem like elusive concepts, when they 
should see only a formalization of common sense.

 Problems presented in class can be more effective transmitters of 
knowledge if they both demonstrate the operation being taught and 
show how performing that operation can reveal how our behavior 
affects the planet. To understand the potential impact, both positive 
and negative, that an individual can make on the world, a student must 
be able to quantify and calculate. Important questions, which basic 
math skills can help to answer, are apparent everywhere: How many 
gallons of gas does it take to drive to work? How much pollution does 
a single gallon of gas create on that trip to work? How much pollution 
must be generated before effects are seen on the atmosphere and on the 
individuals and animals that inhale that pollution? How many trees 
does it take to print the morning papers? How many animals lose their 
habitats when those trees are cut down? These questions are essential 
to ask and, if students are carefully guided past the hurdles, they will be 
able to follow delineated methods to answer these questions. 

Instructors of basic skills math find that engaging students with 
the material so that they are actively thinking – and not frozen by the 
mere presentation of math – is perhaps the most difficult part of teach-
ing the class. My colleagues and I in the department of Mathemat-
ics, Engineering, and Computer Science try to find new ways to help 
students break down barriers. Towards this end, Dr. Frank Wang, Dr. 
Gordon Crandall, Dr. Prabha Betne, and Dr. Kamal Hajallie, Chair of 
the department, have worked with Dr. Paul Arcario, Dean of Academic 
Affairs, and Dr. Bret Eynon, Assistant Dean of Academic Affairs and 
Director of the LaGuardia Center for Teaching and Learning. Together, 
under the direction of Dr. Paul Arcario, they secured a grant from the 
United States Department of Education Fund for the Improvement of 
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Postsecondary Education (FIPSE) to support a faculty development 
seminar called Project Quantum Leap (PQL).

The purpose of the PQL seminar is to develop teaching material 
for basic skills math courses using the SENCER (Science Education 
for New Civic Engagements and Responsibilities) approach. SENCER 
is a National Science Foundation initiative that aims to improve edu-
cation in engineering and mathematics by “connecting learning to 
critical civic questions” (“About SENCER”). This vibrant program 
encourages and assists instructors and professors to explore novel 
avenues that might uncover effective new ways to teach basic skills. 
The SENCER approach is perfectly suited to the goal of teaching 
about the environment with math and teaching math using the envi-
ronment: “SENCER improves science education by focusing on real 
world problems and, by so doing, extends the impact of this learning 
across the curriculum to the broader community and society” (“About 
SENCER”). I found that the SENCER mission meshed well with my 
own teaching that draws from the problem-solving methods of math-
ematician György Pólya.

György Pólya’s Approach to Problem-Solving
The difference between the approach of math students hoping just to 
use the numbers found in a problem to perform a rote set of calcula-
tions to satisfy their teacher and the approach of students who earnestly 
want to answer a real and important question, is striking. The former 
are like the individual in John Searle’s “Chinese Room” thought experi-
ment. Given the right instructions, a person in a box could change Chi-
nese symbols coming in one side to English ones to be sent out the other, 
all without understanding Chinese at all. Although the right translation 
might come out of the box, the individual inside has no real knowledge. 
A student who solves an equation without understanding what the 
equation is or how to construct it, has similarly not truly learned the 
language of mathematics. That student is far less likely, once the course 
is over, to be able to solve real-life problems that need math. 

In his famous and inspiring book, How to Solve It, Hungarian 
mathematician György Pólya suggested that problems be solved in 
four steps (xvi–xvii): 1) Understand the problem. You must know 
what is known, what is not known, and the ultimate goal. 2) Devise 
a plan. See how what you know connects to what you are trying to 



determine. If there are no connections, find other problems that fill in 
the gaps. You should understand precisely how you will proceed. 3) 
Carry out the plan. Perform the mechanics of solving and check each 
step. Do you have a way of proving that your solution is correct? 4) 
Look back. Be sure to examine your solution to learn from what you 
have accomplished.

Most people follow these steps naturally when faced with a typi-
cal daily problem. Drop and shatter a glass of water and you instantly 
know that the problem is the glass on the floor. Then, what you need to 
find out is exactly where all the shards went. The goal is to remove them 
so that no one gets cut. Then you move on to making a plan: Everyone 
puts shoes on and someone locates a broom or vacuum cleaner. Execut-
ing the plan involves sweeping or vacuuming the glass. Finally, you look 
over the floor to be sure that the glass is gone. 

But when it comes to mathematics, many people become befuddled 
and do not follow a similar course of action. Anyone who has taught a 
basic skills math course has seen that, when it comes to solving math-
ematical problems, the majority of students do not follow Pólya’s pro-
cedure at all. Instead, students jump directly to the third step, “carrying 
out a plan,” without first “understanding the problem” or “devising a 
plan.” They take whatever numbers they have been handed and attempt 
to put them through the mechanics of whatever equation or method has 
been taught last. Because they are blindly trying to plug numbers into a 
random formula or arithmetic procedure, they fail to solve the problem 
and end up feeling completely frustrated, helpless, and discouraged 
from trying the problem again. The idea that mathematics is mysteri-
ous, intangible, and essentially beyond the student’s ability to absorb 
ends up being reinforced. Occasionally the right numbers are put into 
the right formula and the problem is more or less “accidentally” solved. 
Even though the student might be pleased to have come up with the 
right answer, the occurrence only further ingrains the notion that math 
is strangely abstract and that a true understanding is beyond the stu-
dent’s grasp. 

If not checked, the student’s growing feeling that math is daunting 
and beyond reach is harmful, with long-term, life-affecting conse-
quences. Solving a math problem is, in essence, not unlike solving any 
other problem. The numbers and symbols are only the tools – like the 
broom or the vacuum cleaner – for the specific task. They allow us to 
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solve problems that are really just elaborate problems of counting. If 
students can achieve the understanding that solving a math problem 
requires following each step of Pólya’s problem-solving method in 
sequence, they will come to see that math, as a whole, is not impos-
sible to master, and, ultimately, they will be able to use what they have 
learned long after they have left the classroom. 

Lesson Plans
As a participant in the PQL seminar, I used the approaches of SENCER 
and György Pólya to develop math lesson plans that focus on issues 
related to the environment. When creating these lesson plans, I hoped 
that the issues I chose to teach from would be relevant to the students’ 
lives and simultaneously show them the far-reaching uses of math. 
At the same time, I wanted the problems that I presented to focus on 
a group of mathematical topics that most basic skills students have 
difficulty with. In particular, I have found that students in basic skills 
courses find fractions, decimals, percents, ratios, and proportions to be 
the most difficult topics. I selected environmental themes that would 
address these areas. 

Two examples stand out: In the spring of 2008, PQL seminar 
leaders suggested that we design an environment-themed lesson for 
MAT095 and test it in our classes. The first lesson I came up with deals 
with the question of what kind of diaper is better for the environment, 
cloth or disposable, and was meant to teach the application of fractions, 
proportions, and ratios. In the first class in which I used the lesson, 
approximately sixty percent of my students were parents, and I thought 
that the subject would interest them as well as help teach the required 
material. The lesson examined two articles with contrasting viewpoints. 
One was the transcript of an ABC News report aired in May 2005 by 
Amanda Onion, pointing to research that showed that cloth diapers 
might be just as detrimental for the environment as disposable diapers 
(while disposable diapers created mountains of landfill, cloth diapers 
created oceans of polluted water). The other article, “Cloth vs. Dispos-
able Diapers,” written by Ginny Caldwell for the online Green Living 
Magazine, maintains that disposable diapers are indeed worse for the 
environment. She noted that certain cloth diaper systems are more 
efficient than the traditional cloth diapers used in the calculations that 
showed that disposables were greener than cloth. 



In class, we explored how one might calculate an environmental 
“footprint.” We used some simple arithmetic to answer some of the fol-
lowing questions: How much do we drive? How much do we fly? How 
much electricity do we use? Where does our food come from? I was 
able to introduce the concept of percentages. We also highlighted some 
“diaper facts” from the article. In particular, many students expressed 
surprise when they learned that, according to a British study, the results 
on the environment of two-and-a-half years of diaper waste from a 
single child “are roughly comparable to driving a car between 1,300 
and 2,200 miles” (Onion) and that “[i]n 1990, 18 billion disposables 
were thrown into United States landfills” and it takes “3.4 billion gal-
lons of oil and over 250,000 trees a year to manufacture” that many 
diapers (Caldwell). 

Once the students had grasped the material, we worked on the fol-
lowing three problems, constructed to refer directly to issues discussed 
in the readings.

1. It takes 3.4 billion gallons of oil and over 250,000 trees a year to 
produce 18 billion disposable diapers. How many diapers can a 
single tree produce? 

 2. On average, children in the U.S. wear diapers until they are 30 
months old. If this average is reduced to 20 months, how many 
fewer diapers will a single child use? Assume each child wears an 
average of 8 diapers a day. 

3. Assume that of the 2 million children in the U.S., the average 
length of time each wears diapers is reduced from 30 months to 20 
months. How many trees will be saved? 

The three questions above highlighted the facts that had intrigued the 
students when they read the assigned reading material. Although the 
questions mirrored the more traditional questions found in the text-
book regarding fractions, proportions, and ratios, they dealt with a 
topic with which the students were now thoroughly engaged. 

The students appeared focused on the work before them and were 
truly enjoying trying to answer the questions. In discussion, it was clear 
that they understood the goals and outcomes of the problems. Although 
they still had their difficulties, I was glad to see that they were much 
less likely to try to solve the problem with rote mechanics before first 
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understanding the nature of the problem. Where I had often seen stu-
dents attempt to extract the numbers from a problem and just perform 
what they thought was the required operation, now the students were 
trying to figure out the answer to a question posed in plain English that 
they could solve with the materials at hand. Several told me that the 
articles helped them realize something about a subject they had not paid 
attention to before. I also received comments from several parents in the 
class about how they would try to help reduce waste by potty training 
their children earlier. 

In another lesson, I wanted to introduce a simple concrete example 
that would show the students how basic skills are needed to make pur-
chasing decisions – and how those decisions might affect our planet. 
The lecture was about the application of percents – another topic that 
many students have difficulty with. I designed a lesson that compared the 
fuel efficiency of two cars. At the beginning of the class, I asked the stu-
dents which car they would choose if someone offered them the choice 
between apoly Honda Civic and a Mercedes. As I expected, most of the 
students answered that they would take the Mercedes. Then I asked 
which car would save them money on gas and which would pollute the 
air less. I introduced the following problem: Assume you drove 15,000 
miles during 2008. 45% was city driving and 55% highway driving. 
Assume the price of gas was $3.75 per gallon. Now assume that you 
drove the Honda Civic which gets 40 miles per gallon in the city and 
43 miles per gallon on the highway. 

In order to guide students towards figuring out the annual cost of 
gas for the Civic, I broke down the problem into more fundamental 
questions: 

1. How many gallons of gasoline did you use for highway driving 
during 2008?

2. How many gallons of gasoline did you use for city driving during 
2008?

3. How many total gallons of gasoline did you use during 2008?
4. How much did you spend on gasoline during 2008?

Then, I asked students to answer questions 1 through 4 assuming 
that they drove a Mercedes-Benz E63 AMG instead of a Honda Civic 
Hybrid. I told them to assume that the Mercedes-Benz gets 13 miles per 



gallon in the city and 20 miles per gallon on the highway. Finally, I posed 
this question: Remembering that, on average, gasoline cost $3.75 per 
gallon during 2008, how much money would you save if you drove a 
Honda Civic Hybrid instead of a Mercedes-Benz E63 AMG?

Together we discovered that, with the assumptions made above, 
driving a Mercedes would have cost $2,000 more in gas in 2008 than 
driving the Honda Civic. Some students were surprised by the extent to 
which making a few calculations could affect both their pocket and the 
environment. By and large, the class seemed delighted to be toying with 
choosing a car and exploring which of the two was truly best for them.

I thought that if I offered the kind of problem that students might 
be more naturally interested in solving, they would better follow the 
four steps of problem solving as described by Pólya. Instead of using 
“artificial” problems designed solely for use in math courses, I hoped 
that the “diaper debate” lesson and the lesson comparing the efficiency 
of two cars would make the problem-solving sequence more natural 
and, eventually, intuitive to students. My fundamental belief is that 
when students understand the solving power of mathematics and 
see that math problems are not so different from other life problems, 
including problems that have an impact on the environment, then they 
can get beyond the blocks that hold them back. The diaper debate and 
car comparison examples would, I hoped, show them examples of ques-
tions they would want to answer – What diapers should I use? What 
kind of car should I drive? – and ultimately allow them to see math as 
merely the tool that it is for solving problems related to those questions. 

Of course, if the blocks came tumbling down so easily, they prob-
ably would not be there in the first place. It was a little surprising for 
me to see that even some of the stronger students had difficulty trans-
forming the problem about the Honda Civic versus the Mercedes into 
mathematical terms, even though they seemed to grasp the nature of 
the problem. In particular, the percentages in the car efficiency lesson 
were tripping them up. I tried using more examples, from other areas, 
and asked them the following: In a class of 30 students, if 40 percent 
are female, how many female students are there in the class? They were 
still a bit of confused; so I simplified further. What if 50 percent of them 
were female? This question they answered correctly right away. Then 
I explained the similarity of the two questions, and why the concept of 
40 percent is not any different or more difficult to understand than 50 
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percent. I further illustrated how to think of 40 percent as a fraction 
by drawing a pizza on the board and showing them that if we cut the 
pizza into 100 slices, 40 slices would represent 40 percent.

Once the students had grasped this concept and we returned to our 
comparison of the two cars, the problems were much easier for them. 
This class session proved to be an important moment for the students. 
With the realization that two seemingly different problems were similar, 
and that the same math technique was used in both, they were now 
on the path to using percentages themselves in unforeseen situations. 
Math was becoming, I would like to think, a tool for their use. Most 
of the students enjoyed, in particular, working out the answer for the 
Mercedes. I was pleased to see that when they discovered that driving 
the Mercedes would have cost them more than $2,000 for gas, many 
started to change their choice. The calculations sparked a discussion 
about the results. One student commented, “Who wants to use a Mer-
cedes?” Another student remarked, “I guess you wouldn’t care if you’re 
rich.” Then I asked the students to put the environmental impact of the 
two cars into consideration. How would the difference in gas usage 
affect the atmosphere? How would their choice of car affect their “foot-
print?” If everyone who had a Honda Civic switched to a Mercedes, 
would there be a discernable effect on the environment? 

I felt that the lesson was well received. Certainly the students were 
more engaged than in previous classes and understood exactly what it 
was we were trying to solve. No one jumped straight to the third step of 
Pólya’s problem-solving procedure. A possible explanation: Because the 
students saw how using math could directly affect their pocketbooks, 
they paid attention to and came to understand the importance of each 
problem-solving step. And the surprising conclusion we reached – that 
the Civic might be the “better” car – seemed to give students the kind 
of satisfaction one gets from using the right tool to get a job done. I 
was encouraged to see that the students were truly engaged in solving 
a real-world problem. 

Conclusion and a Remaining Question
Instructors must pay as much attention to breaking down the walls 
that prevent learning as they do to teaching the actual course material. 
And, I believe, instructors should attempt to use more relevant topics 
to help elicit student interest. My experience showed me that using sub-
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ject matter that focuses on how humans affect the environment helps 
students realize and appreciate why mathematics is important to help 
them make daily decisions. Teaching with concrete, real-life examples 
does help both to spark student interest in the environment and to help 
them understand the concepts in a basic skills math course.

 However, success in mathematics, like success in most subjects, and 
even, one might say, in most walks of life, is not driven by inspiration 
alone. While I was certainly pleased to see students actively involved 
in solving the themed problems, and while I believe that they truly 
understood how and why math is important in solving day-to-day 
problems, I am not one-hundred-percent sure that the exercise actually 
facilitated greater learning. Moving towards fluency in mathematics 
– a goal of basic skills mathematics classes – is like moving towards 
fluency in any language: Although there may be some ways of learn-
ing that are better than others, there is no shortcut for immersion and 
practice. With environmental themes, students may be taught to see 
the usefulness of math in problems that affect them personally as well 
as problems of great magnitude, but, in order to be able to use those 
skills on their own, outside of class, they must learn to move from the 
concrete to the abstract and back again. My own experience did not 
provide a large enough sample group to answer the question of whether 
or not an engaging environmental theme truly enhanced the building 
of basic skills in mathematics. A larger study, involving multiple classes 
and instructors, would be needed to examine the efficacy of various 
strategies for teaching basic skills math and, ultimately, to provide a 
definitive answer for instructors dedicated to teaching their students as 
effectively as possible. 

On the flip side, it is safe to say that, from an environmental per-
spective, the themed math lessons were a success. Teaching with infor-
mative, engaging, environmental subject matter certainly raised student 
awareness about their potential effect on the world. If examples in math 
courses were more often drawn from environmental subject matter, it is 
hard to see that the practice would have anything but a positive impact 
on the world. 
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