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Abstract 

 

This paper deals with developing a lesson plan to show how the teaching of basic mathematical 

concepts in a Business Calculus (MAC2233) or Calculus 1 (MAC2311) Course via Maple and 

Mintab Software can help the students to gain the knowledge and insights from various aspects 

of sustainability data, such as examining the Global Average Temperature data, make a graph, 

find some mathematical models, and make predictions. Such studies are important in view of the 

facts that there is a great emphasis on analytical reasoning, logical and critical thinking, and to 

enable the students to develop mathematical models to solve different real world problems in 

mathematics courses these days. Due to the tremendous development of computers and 

other technological resources, the use of mathematical software for data analysis, in a Business 

Calculus (MAC2233) or Calculus 1 (MAC2311) course, cannot be underemphasized 

and ignored. Therefore, in this paper we present how to use sustainability data to teach a 

Business Calculus (MAC2233) or Calculus 1 (MAC2311course via Maple and Mintab software. 

It is hoped that by implementing the techniques discussed in this paper in preparing lesson plans 

in a Business Calculus (MAC2233) or Calculus 1 (MAC2311) Course via Maple and Mintab 

Software will help us to develop in our students the skills of quantitative reasoning and analysis 

of real world data, which is one of the Gen Ed Outcomes of Miami Dade College. It is also 

expected that this approach will enable the students to develop the competency of analyzing the 

real world problem as well as to enable them to develop mathematical models to solve different 

real world problems.  
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1. Introduction: Sustainability of our environment is an issue of emerging international 

importance and significance. There are a number of potential impacts on the sustainability of 

ecosystems including warmer temperatures and rising sea levels, changes in rainfall patterns, and 

increased storm and cyclone intensity due to climate change. Consequently, these impacts are 

presenting many challenges for our world‟s environment, community and economy.  

Since mid-1980s, considerable research into various aspects of issues related to environmental 

sustainability has been conducted. For example, the concentration of „greenhouse‟ gases 

(namely, carbon dioxide, methane, nitrous oxide, ozone, and chlorofluorocarbon) in the Earth‟s 

atmosphere, resulting in a gradual increase in temperatures at the Earth‟s surface, is an important 

issue and area of research. There is a rising trend of average global temperatures over recent 

years. Ecologists around the world are concerned about global warming. There are many causes 

and effects of such a global warming. One possible effect is the melting of the icecaps. 

According to the research, the scientists believe that the “greenhouse effect” may also be one of 

the causes of global warming. As greenhouse and climate change are fundamental issues of 

environmental sustainability, the purpose of this project is to study and analyze past trends in 

Global Average Temperature by applying some mathematical concepts from a Business Calculus 

(MAC2233) or Calculus 1 (MAC2311) course and using appropriate technology. 

 

There is a great emphasis on mathematical literacy and critical thinking in education these days. 

An introductory course Business Calculus (MAC2233) or Calculus 1 (MAC2311) at Miami 

Dade College can easily provide such avenues to our students. In any Business Calculus 

(MAC2233) or Calculus 1 (MAC2311) course, the students have already learned about the 

following mathematical concepts, some in their Business Calculus (MAC2233) or Calculus 1 

(MAC2311) course, and some in their previous mathematics courses (namely, College Algebra, 

Intermediate Algebra, etc.), which are important tools and techniques for describing, exploring, 

summarizing, and comparing data sets.  

(i) Graph linear, quadratic and cubic functions. 

(ii) The slope of a line given two points that lie on the line. 

(iii) The Average Rate of Change of a function y = f(x), over a closed interval ],[ ba , with 

respect to x. 

 (iv)         The concept of derivative 
dx

dy
 of a function y = f(x) with respect to x, and its     

              applications in finding the slope of the tangent to the graph of  y = f(x) at  a certain  

              point x on it, in determining whether the function y = f(x)  is increasing or  

              decreasing, and finding the critical numbers and relative extrema of the function, as  

              well as finding the absolute extrema on a specified interval. 
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Due to the tremendous development of computers and other technological resources, the use of 

Mathematical Software for data analysis, in a Business Calculus (MAC2233) or Calculus 1 

(MAC2311) course, cannot be underemphasized and ignored. Mathematical Software is now a 

common technology choice used in Business Calculus (MAC2233) and Calculus 1 (MAC2311) 

courses. An important reason many educators choose Mathematical Software is its extensive use 

in science, industry and corporate America. The world of science, business and industry has 

embraced many Mathematical Software such as Maple, Mathematica, Matlab, Excel, Minitab, 

among others, as an efficient and effective tools for the analysis of data. Motivated by a desire to 

better serve their students by better preparing them for professional careers, many instructors 

now include a Mathematical Software as the technology tool throughout the mathematics course. 

This marriage of mathematical concepts and applications of mathematical software is giving 

birth to a generation of students who can enter professional careers armed with knowledge and 

skills that were once desired, but are now demanded. This paper develops a lesson plan how to 

use sustainability data to teach a Business Calculus (MAC2233) or Calculus 1 (MAC2311) 

Course via Maple and Mintab Software. As greenhouse and climate change are fundamental 

issues of environmental sustainability, this project aims at studying and conducting mathematical 

analysis of some global average temperature data. The organization of this paper is as follows. In 

Section 2, mathematical concepts from algebra and calculus courses required for mathematical 

analysis of some global average temperature data are presented. Section 3 contains the 

methodology and the study of the past trends in average global temperature by applying some 

mathematical concepts from calculus, and using appropriate technology. Analysis of data and 

graphs are also presented. Concluding remarks are given in Section 4.   

 

2. Some Mathematical Concepts Required for the Study: Some mathematical concepts, 

which the students have already learned in their algebra and calculus courses required for 

mathematical analysis of the global average temperature data, are given below.  

 Definition 1. Average Rate of Change (or Difference Quotient) of a function y = 

f(x), over a closed interval ],[ ba , is 
ab

afbf



 )()(
, which is also the Slope of Secant Line 

PQ though the points P and Q of the graph of y = f(x), as in Figure 1.     
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Figure 1 

 

 Definition 2. The derivative a function y = f(x) is given by 

                 
h

xfhxf
xf

dx

dy

h
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.  

 Definition 3. For a function   y = f(x), the derivative 
dx

dy
  also defines the slope of the 

tangent to the graph of y = f(x) at x.  

 Definition 4. Critical Number and Critical Point: A number x = c in the domain of 

the function y = f(x) is said to be a critical number of f(x) if  0)(  cf  or  )(cf   is 

undefined. The corresponding point (c, f(c)) on the graph of y = f(x) is called critical 

point for y = f(x). Note that critical points are important because these are the points 

where the function changes from increasing to decreasing or from decreasing to 

increasing.  

 Definition 5. Relative Extrema: Relative extrema occur when a function changes 

from increasing to decreasing, or from decreasing to increasing. The two types of 

extrema are relative minimum points and relative maximum points. If the function 

has relative extrema they will occur at the critical points. It should be noted that to 

find the values for the relative extrema of the function, we substitute the values for x-

coordinates of critical points back into the original function, not into the derivative.  

 First-Derivative Test: Let x= c be a critical number for y = f(x) and let f(c) be 

defined. Then, f(c) is a relative maximum if 0)(  xf  to the left of c and 0)(  xf   

to the right of c, i.e., the function is increasing to the left of c and the function is 

decreasing to the right of c. On the other hand,  f(c) is a relative minimum if 
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0)(  xf  to the left of c and 0)(  xf  to the right of c, i.e., the function is 

decreasing to the left of c and the function is increasing to the right of c. Note that f(c)          

is neither a relative maximum nor a relative minimum if )(xf   has the same sign on 

both sides of c. These behaviors of the function are illustrated in the Figures 2 – 4 

below. 

 

FIGURE 2: Relative Maximum 
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FIGURE 3: Relative Minimum 

 

FIGURE 4: Neither Relative Maximum nor Relative Minimum 

3. Methodology and and the Study of the Past Trends in Average Global Temperature: In 

what follows, we will discuss the methodology, and study and analyze past trends in Global 

Average Temperature (in degrees Celsius) from 1950 to 2001, as provided in Table 1 below, by 

applying the mathematical concepts discussed above, and using the appropriate technology, 

namely, MAPLE and MINITAB software. 

Table 1 

Global Average Temperature, 1950-2001 

 

Year (x) Temperature (degrees Celsius) (y) 

1950 13.83 

1951 13.97 

1952 14.04 

1953 14.11 

1954 13.91 

1955 13.91 
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1956 13.83 

1957 14.09 

1958 14.09 

1959 14.04 

1960 13.98 

1961 14.10 

1962 14.05 

1963 14.04 

1964 13.76 

1965 13.86 

1966 13.93 

1967 13.99 

1968 13.90 

1969 14.00 

1970 14.05 

1971 13.90 

1972 13.95 

1973 14.18 

1974 13.94 

1975 13.98 
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1976 13.78 

1977 14.15 

1978 14.07 

1979 14.12 

1980 14.27 

1981 14.40 

1982 14.09 

1983 14.34 

1984 14.16 

1985 14.13 

1986 14.18 

1987 14.34 

1988 14.42 

1989 14.28 

1990 14.49 

1991 14.44 

1992 14.16 

1993 14.18 

1994 14.31 

1995 14.45 
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1996 14.34 

1997 14.38 

1998 14.69 

1999 14.41 

2000 14.38 

2001 14.53 

 

(Source: Goddard Institute for Space Studies, NASA Goddard Space Flight Center Earth 

Sciences Directorate, "Global Temperature Anomalies in .01 C," 

http://www.giss.nasa.gov/data, updated December 2002; C.D. Keeling, T.P. Whorf, and the 

Carbon Dioxide Research Group, "Atmospheric Carbon Dioxide Record from Mauna 

Loa," Scripps Institution of Oceanography, University of California, 

http://cdiac.esd.ornl.gov/trends/trends.htm, 13 June 2002.)  

3.1. Methodology: This is a Computer Project using MAPLE and MINITAB. Using the above 

data, write a research project on the following topic, by following the instructions given below. 

 “A STUDY OF PAST TRENDS IN AVERAGE GLOBAL TEMPERATURE 

FROM 1950 – 2001 BY APPLYING SOME MATHEMATICAL CONCEPTS 

FROM CALCULUS AND USING APPROPRIATE TECHNOLOGY” 

Instructions: Please note the data in Table 1 for the Global Average Temperature (in degrees 

Celsius) from 1950 to 2001. Now answer the following questions. 

 

Questions: Examine the data (in Table 1), make a graph, find some mathematical models, and 

make predictions. Use the following steps to write your research project.  

Step I: Using Minitab, draw the following graphs. Take “Year as x” along X-axis and 

“Temperature as y” along Y-axis. Use a (Year, Temperature), i.e., (x, y) Coordinate System. For 

convenience, let x = 0 in 1950.  

(i) Scatterplot of Temperature (degrees Celsius) vs Year “With Connect Line”; 

(ii) Scatterplot of Temperature (degrees Celsius) vs Year With “Regression”. 
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(iii) Describe the trends in the Global Average Temperature based on your graphs in (i) 

and (ii) above.  

 

Step II: Note the following: The annual change in the Global Average Temperature for year x is 

 y(x)-1)y(x degrees Celsius. The total change in the Global Average Temperature between 

times x = a and x = b is  y(a)-)y(b  degrees Celsius. The average annual change the Global 

Average Temperature between times x = a and x = b is 
ab

b



 y(a)-)y(
 degrees Celsius.  

Following the above concepts, compute the following (using any Scientific Calculator): 

a) Consider the data on the Global Average Temperature. Using Minitab, fit a linear 

polynomial function to the data. 

 

b) Estimate the Global Average Temperature in the years 2002, 2003, 2004, 2005 and 2050. 

 

c) The annual change in the Global Average Temperature for 2002. 

 

d) The change in Global Average Temperature between the years 1950 (x = 0) and 2001 (x 

= 51). 

 

e) The average annual change in Global Average Temperature between x = 0 and x = 51. 

Step III: Consider the data on the Global Average Temperature. Using Minitab, fit a cubic 

polynomial function to the data and make predictions of the Global Average Temperature in the 

year 2050. 

Step IV: Ecologists are forewarning that the Global Average Temperature will reach between 16 

degrees Celsius (i.e., 60.8 degrees
 
Fahrenheit) and 19 degrees Celsius (i.e., 66.2

 
degrees

 

Fahrenheit) by the year 2050. How well does each of your regression models in Steps II and III 

confirm that prediction? 

Step V: Using your cubic polynomial function fitted to the Global Average Temperature data, 

the concepts of Relative Extrema, as described above, and using the software “MAPLE,” find the 

Relative Extrema of the Global Average Temperature and the corresponding years, in which 

these occurred.  

Step VI: By incorporating the above findings, write your research project.  

Step VII: Submit your findings, graphs, tables, charts, and report on Monday, 20th November, 

2017, positively, in the class, with your group name, student I. D., class, semester, course, and 
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reference number, typed and put in a folder. Late submission of the project will not be accepted 

or graded.  

3.2. Analysis of Data and Graphs: These are described below. It is observed that the a cubic 

polynomial function fits to the data better than a linear polynomial function, and thus can make 

better predictions of the Global Average Temperature in the future. 

 

RESULTS USING MAPLE AND MINITAB 

(A) RELATIVE EXTREMA OF GLOBAL AVERAGE TEMPERATURE USING MAPLE 

> with(Student[Calculus1]): 

CriticalPoints( -0.000006*x^3+0.000765*x^2-0.01290*x+14.01 ); 

 

> extrema( -0.000006*x^3+0.000765*x^2-0.01290*x+14.01,{},x ); 

 

YEAR (X)_1950_To_2001

A
v

e
ra

g
e

 T
e

m
p

. 
in

 D
e

g
. 

C
e

ls
. 

(Y
)

50403020100

14.7

14.6

14.5

14.4

14.3

14.2

14.1

14.0

13.9

13.8

"SCATTERPLOT WITH CONNECT LINE"
"GLOBAL AVERAGE TEMPERATURE (Y) (IN DEGREE CELSIUS) VS. YEAR (X)"

For convenience, we have let X = 0 in 1950.
 

FIGURE 5: Scatterplot 
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For convenience, we have let X = 0 in 1950.
 

FIGURE 6: Scatterplot with Regression 
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S 0.134611

R-Sq 61.5%

R-Sq(adj) 60.8%

Fitted Line Plot
Y =  13.85 + 0.01112 X

 

FIGURE 7: Fitting of a Line 
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14.2

14.1

14.0

13.9

13.8

S 0.123163

R-Sq 69.1%

R-Sq(adj) 67.2%

Fitted Line Plot
Y =  14.01 - 0.01290 X

+ 0.000765 X**2 - 0.000006 X**3

 

FIGURE 8: Fitting of a Cubic Polynomial 

4. Concluding Remarks and Suggestion: In this paper, we have discussed about developing a 

lesson plan to show how the teaching of basic mathematical concepts in a Business Calculus 

(MAC2233) or Calculus 1 (MAC2311) Course via Maple and Mintab Software can help the 

students to gain the knowledge and insights from various aspects of sustainability data, such as 

examining and studying the Global Average Temperature d, and conducting its mathematical 

analysis. It is hoped that this paper will be helpful in teaching Business Calculus (MAC2233) 

and Calculus 1 (MAC2311) Courses via Maple and Mintab Software at Miami Dade College. 

Further, as there is a great emphasis on mathematical literacy and critical thinking in 

education these days, it is hoped that, with the help of Maple and Mintab Software, the students 

will be able to conduct mathematical research projects in their MAC2233 and MAC2311 

courses, and will be able to achieve the following:  

I. Search or web-search any real world data. 

II. Analyze the data mathematically using Maple and Mintab, as discussed above. 

III. Write a mathematical research project or report by incorporating the above findings.  

IV. Present the research project.   
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Finally, it is hoped that by implementing the techniques discussed in this paper in preparing 

lesson plans will help us to develop in our students the quantitative analytic skills to evaluate and 

process numerical data, which is one of the Gen Ed Outcomes of Miami Dade College. The 

students would be able to successfully investigate the above projects. It should be noted that 

there are many aspects of “SUSTAINABILITY” and “OUR ENVIRONMENT” to which 

Undergraduate Mathematics can be easily applied. It is necessary that our mathematics students 

should be exposed to this important subject. As we always talk about the students‟ lack of 

interest in mathematics, student success, QEP Mathematics, etc., it will be a great idea to 

introduce this important subject into our curriculum. At this point, I would like to take the 

opportunity to propose to the Earth Ethics Institute and to Miami Dade College, in general, to 

develop a Center for Research, Studies and Training in Earth Mathematics and Statistics 

(CRSTEMS) under the auspices of Earth Ethics Institute. At CRSTEMS, our students can attend 

some courses in Earth Mathematics and Statistics. Our faculties and staff can also pursue their 

studies and research in these fields of studies. To my knowledge, there are very few such 

institutes for Earth Mathematics and Statistics in the USA, or in the world. So, this will be an 

ideal and unique Center for Research, Studies and Training in Earth Mathematics and Statistics 

at Miami Dade College.  
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