[bookmark: _Toc47159121]Modeling Project  (100 points possible)  
	This project must be completed independently. You are only permitted to use the materials that are posted on your MAT 105 Blackboard Site and assignments that you have completed in class as resources. You may not ask for help from others or give help to others on specific project questions. 
Type your name in the space below to certify that you understand this policy and have abided by it.

	


· Show all work for credit. A good rule of thumb is that if you type it in your calculator, you should write it on your paper! 
· If rounding is necessary and no directions are provided, you choose how to round.
· Include appropriate labels with results from all calculations ($, dollars/person, etc.).
· If you type in the Word version, you may need to “save as PDF” to keep graphs and charts in position.

Part 1: Federal Minimum Wage

The first federal minimum wage was established in 1938 at $0.25 per hour. Since then, the hourly federal minimum wage has been periodically increased as shown in the graph below.

1. Calculate the average growth rate of the hourly federal minimum wage from $0.25 in 1938 to $7.25 in 2020. Round to three decimal places. Write a sentence that interprets this result in context.                        (5 pt)	                       
	Total growth = 7.25-0.25 =7
Number of years = 2020-1938=82
Average growth = 7/82  = 0.085
From the result it shows that the average growth in hourly wage per year is 8.5% it can also be interpreted as 8.5% average growth per year.
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	Year
	1976
	1995
	2016
	2020

	Minimum Wage in Unadjusted Dollars
	$2.30
	$4.25
	$7.25
	$7.25



	Year
	1976-2020
	1995-2020
	2016-2020

	Inflation Rate Between Given Year and 2020
	(a)  364.61%
	(b)  72.27%
	(c)  8.13%



2. Adjust each year’s minimum wage into 2020 dollars using the given inflation rates. Round values to two decimal places. Show your work in the space provided. Hint: Refer to the graph on the top of p. 175 to see if your conclusions are reasonable.                                                                                         (3 x 5pt = 15 pt)                                                                      

1976
	(1+364.61%) x 2.30 = 10.608
(1+3.6461) x 2.30 = 10.68



1995
	4.25 x ( 1+ 72.27%) = 
4.25 x (1+0.7227) =
4.25 x 1.7227 = 7.32



2016
	7.25 x (1+8.13%) 
7.25 x (1+0.0813)
7.25 x 1.0813 = 7.84




The line graph below displays the Unadjusted Federal Minimum Wage and Adjusted Federal Minimum Wage in Constant 2020 Dollars from 1985 to the present.  


3. Describe the general trend of the Unadjusted Federal Minimum Wage from 1985 to 2020. Respond in complete sentences.                                                                                                                                      (4 pt)
	In the beginning the year 1985 the wage is 3.3$ which remained constant till 1990. During 1990 the wage increased to 4.2$ and it became constant during 1995. It then increased to $5.1 up to 2005. There is a rapid increase in the wage between 2005 and 2010 to 7.2 dollars and it is maintained up to 2020.  There is a gradual increase of wages and then maintained at a constant level in some levels.  


4. During periods when the unadjusted federal minimum wage is constant, identify the trend that you observe in the adjusted federal minimum wage and then explain why that trend occurs. Respond in complete sentences.                                                                                                                                      (6 pt)
               
	When the unadjusted minimum wages are constant, the minimum wage rate which is adjusted decreases gradually. The adjusted wage on the other hand, the wage rate decreases to maximum extent when the adjusted wage line remains constant for a long a period. From 2010 to 2020 the adjustable wage is constant for longer period. Adjusted wage in this case is decreased from 9 dollars to 7.2 dollars. When the adjusted wage is maintained at constant adjusted wage rate decreases.   







The table below displays the Unadjusted Federal Minimum Wage and Adjusted Federal Minimum Wage in Constant 2020 Dollars for select years.  						                                           
	Year
	Unadjusted Federal Minimum Wage
	Adjusted Federal Minimum Wage in Constant 2020 Dollars

	1985
	$3.35
	$8.19

	1990
	$3.80
	$7.69

	2000
	$5.15
	$7.87

	2010
	$7.25
	$8.63

	2020
	$7.25
	$7.25



5. Use the values in the table above to interpolate/extrapolate (whichever is appropriate) the value of minimum wage in adjusted 2020 dollars for each the years requested. Round intermediate values to three decimal places if needed. Round the final answer to the two decimal places. Hint: Refer to the graph on the top of p. 175 to see if your conclusions are reasonable.                          (2 x 8 pt = 16 pt)                                                                                                                   
a.  (d)____2004__________
Does this prediction require interpolation or extrapolation?
	The unadjusted minimum federal wage indicates that nominal wage rates and does not account for the inflation factor. It has witnessed the increase trend from 1978 to 2018 in a step like fashion.  The minimum wage was $2.6 / hour, Since then it has increased up to $7.25 in 2018. The minimum federal wage curve records an upward trend in 1978 and 1981, 1989 to 1991, 1995 to 1997 and 2006 and 2009. In the year 2006 to 2009 there was the sharpest rise where minimum wage rate increased from 5.1 dollars to 7.25 dollars. For the remaining part of the year wage are stayed stagnant in the levels of 3.4 dollars, 4. 25 dollars and 7.25.  in the year 2018, the unadjusted and adjusted minimum wage rate became equal at 7.25 dollars. 



b. (e)____2026__________ 
Does this prediction require interpolation or extrapolation?
	The Adjusted minimum Federal wage shows the real wages of the worker i.e. it shows the wages after the adjustment of the inflation factor. It is also representative of purchasing power of the worker. The general trend shows that the real minimum wage rate has declined from $10.25 in 1978 to $7.25 in 2018. This is largely due to the rising general price levels/inflation and a marginal increase in the nominal minimum wages





Part 2: Average Annual Salary of Ohio Employees.
The scatterplot on the left depicts the annual average salary of Ohio employees in recent years. A linear trendline is shown.

6. Suppose the average annual salary in dollars, A, of an Ohio employee is a function of the time of years since 2000, t. An approximate linear formula is 

 A = (f)  31,243___+ 996.71t

a. Identify the initial value and growth rate of the function (including units) and write a sentence that explains the practical meaning of each.		                                                                         (2 x 4 pt = 8 pt)
	Initial value and a sentence to explain practical meaning.                                               
	Growth rate and a sentence to explain practical meaning.                                                               

	[bookmark: _GoBack]The initial value occurs when t=0. Since A(0)=31243+996. 71t) = 32243. The initial value is $31243. This quantity is the starting value of the function (employee salary).
	Growth rate= 32243+ (996.71)-32243
32243
	= 996.71=99.671%
Hence, the growth rate is 99.671% and increases how fast the function increases with t.


b. Use the formula to estimate the average annual salary of Ohio employees in 2022. Do not round your result.                                                                                                                                                                          (4) 
	Since t is the time since 2000 in years, we have t= 22 when we consider the year 2022 thus.
A(22)=32243+(996.71)22 =  
The salary in 2022 is approximately 32252.3


c. Use the formula to estimate the year in which the average annual salary of Ohio employees reaches at least (g)_______72,000_______. Make sure to express your answer as a year (like 2001).                                         
                                                                                                                                                                                (5 pt)                                              
	We need to find the value of t such that A(t)= 72000 
72000=32243+(996.71)t 
996.71t =72000/32243
t ln(996.71)=ln(72000/32243)
t=0.0116
So the employer reaches 72000 after 2029.	



The scatterplot on the left depicts the annual average salary of Ohio employees in recent years. An exponential trendline is shown.

7. Suppose the average annual salary in dollars, A, of an Ohio employee is a function of the time in years since 2000, t. An approximate exponential formula is 

        A = (h)___32,200_____(1 + 0.024)t                                                                                          

a. Identify the initial value and growth rate of the function (including units) and write a sentence that explains the practical meaning of each.		                                                                         (2 x 4 pt = 8 pt)

	Initial value and a sentence to explain practical meaning.                                               
	Growth rate (as a percentage) and a sentence to explain practical meaning.                                                               

	The initial value occurs when t=0. Since A(0)=32200+1.0240 )= 32200. The initial value is $32200. This quantity is the starting value of the function (employee salary).
	Growth rate= 32200+ (1+0.024)-32200
32200
	= 0.024= 2.4%
Hence, the growth rate is 2.4% and increases how fast the function increases with t.



b. Use the formula to estimate the average annual salary of Ohio employees in 2022. Round to 2 d.p.               
                                                                                                                                                                                (4 pt)                                                                                                                                                                                                                      
	Since t is the time since 2000 in years, we have t= 22 when we consider the year 2022 thus.
A(22)=32200+(1+0.024)22 =  32201.68
The salary in 2022 is approximately 32202



c. Estimate the year in which the average annual salary of Ohio employees reaches at least (i)$____72,000________. Make sure to express your answer as a year (like 2001).                                   
                                                                                                                                                                                (5 pt)                                        
	We need to find the value of t such that A(t)= 72000 
72000=32200+(1+0.024)t 
1.024t =72000/32200
t ln(1.024)=ln(72000/32200)
t=33.2
So the employer reaches 72000 after 2033.

If a person was working at a minimum wage of $7.25 in 2009 and had been working at the same rate till now then it means that his real wages have been falling. This is so because the inflation had been rising with time but the stagnant money wages resulted in a fall of purchasing power of the worker. It would further mean that the standard of living of the worker has declined due to inflationary pressure.




8. In 2020, the hourly minimum wage for a City of Norwalk worker is (j)$___9.80__________. Suppose the hourly minimum wage in that state will be raised by $0.38 per year. Write a formula to model what Norwalk’s hourly minimum wage, W, will be t years after 2020.                                                               (5 pt)                                                                                                                          
	In 2020 wage low= $9.8/low.
There is an increase in wages by 0.38
So wage/low= 9.8+0.38t= low minimum wage



9. In 2020, the hourly minimum wage for a City of Madison worker is (k)$____9.60________. Suppose the hourly minimum wage will be raised by 3.1% per year Write a formula to model what Madison’s hourly minimum wage, W, will be t years after 2020.                                                                                              (5 pt)                                                              
	Minimum wage = 9.60
Wage increases at 3.1% p.a= 9.60+0.031t
9.682.




10. If both cities continue to give raises as described above, will Norwalk or Madison reach an hourly minimum wage of at least (l)$____20_____ first? You may use algebra or trial-and-error to determine your solution, but you must show your problem-solving process in detail. Write your conclusion in complete sentences.                                                                                                              (10 pt)
	For Norwalk.
W= 9.80+0.38t
For w=21
21=9.80+0.38t
11.2=0.38t
t= 29.47 years.
for Madison. 
W= 9. 60+ 0.031t
For w=20
20=9.60+0.031t
0.031t=10.4
t= 335.48 years. 
clearly the Norwalk minimum wage of $20 is achieved in 29.47 years of time spent while that of Madison is achieved is 335.48 years,
first Norwalk will achieve. 




Unadjusted Federal Minimum Wage, 1938-2020

1938	1939	1940	1941	1942	1943	1944	1945	1946	1947	1948	1949	1950	1951	1952	1953	1954	1955	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.25	0.26250000000000001	0.3	0.3	0.3	0.3	0.3	0.32500000000000001	0.4	0.4	0.4	0.4	0.75	0.75	0.75	0.75	0.75	0.75	0.95833333333333304	1	1	1	1	1.05	1.1499999999999999	1.1833333333333329	1.25	1.25	1.25	1.3875	1.583333333333333	1.6	1.6	1.6	1.6	1.6	1.8666666666666669	2.1	2.2999999999999998	2.2999999999999998	2.65	2.9	3.1	3.35	3.35	3.35	3.35	3.35	3.35	3.35	3.35	3.35	3.6875	4.1374999999999984	4.25	4.25	4.25	4.25	4.375	4.8833333333333329	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.1499999999999986	5.5	6.2	6.9	7.25	7.25	7.25	7.25	7.25	7.25	7.25	7.25	7.25	7.25	7.25	Year


Hourly Wage in Dollars



Federal Minimum Wage, 1985-2020
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Ohio Average Annual Employee Salary
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