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1.  Introduction
Today’s society is built around a monetary system, one in which money is used as the primary medium of exchange.  For an object to function as money it must be universally accepted and others must be willing to take it in payment for goods and services.  Income can be expressed as the gathering of money, the net inflow or outflow of cash over a given period of time.  One must have some source of income in order to survive in today’s society.  There is a long-standing belief that greater income can be earned through progressively higher levels of education.  A plethora of literature already exists supporting the proposed positive relationship between education and subsequent employment compensation.  Coulombe and Tremblay (2007) argue that university attainment has a positive and significant effect on relative provincial income even after controlling for skills.  Previous works by Lange and Topel (2004), Krueger and Lindahl (2001), and Barro (2001) all support the notion that education, at its present state, is still a worthwhile investment for many individuals.  Psacharopoulos (1994) has even stated that the pursuit of post-secondary education is beneficial on a global scale.

Other proponents, however, argue that higher education has only a partial effect on income levels and economic output per capita (Hall and Jones, 1999).  This puts a damper on the time-tested belief that every individual should enroll in a college or university.  Therefore, the freshly graduated high school student has a choice: does he take a chance on the real world with only his secondary school education or does he follow the path to higher learning?  There are many factors to consider when choosing which route to take.  These include wage rates, unemployment rates, relative job security and financial safety.  Long run and short run factors should also be considered.  In the short run, non-educated individuals may possibly generate more income, as they will have the advantage of entering the full-time labour force immediately after high school.  In the long run, educated individuals may have increased job security and increased levels of compensation relative to their non-educated counterparts.

In this sense, education can be viewed as an investment, one in which time and effort at a college or university are inputs to a subsequent income level that will be received as an output.  Very similar to a capital budgeting problem, one can apply various theories and methodologies in order to determine whether or not higher education truly is a worthwhile investment.  This is useful, especially when considering the differences in income levels at various degrees of educational attainment.

Statistical analysis conducted by the U.S. Department of Education has shown that there has been a consistent increase in post-secondary school enrollments since the 1980s.
  Our main objective in this paper is to determine if this trend is justified.  In this study, we apply the analytical theory of investment, as developed by Chen (2005), to the education-compensation problem.  This methodology is a universal approach, one that utilizes the most fundamental properties of life to help understand the nature of many human activities.  Chen’s theory has a specific application to capital budgeting problems such as ours and uses a variation of Black-Sholes’ formula for call option valuation to calculate different rates of return.  This analytical formula will provide us with a systematic comparison of returns of different investment considerations under different conditions. 
2.  Data and Methodology
Parameter Definitions


Before we proceed with the discussion regarding the analytical process, it will be useful to define the separate education groups that will be tested.  There are five such groups.  These are: students who have completed secondary level education only (High-School Completion); students who have completed their undergraduate career (Bachelor’s Degree); students who have attained a professional designation (Professional Designation); students who have progressed through a master’s program (Master’s Degree); and students who have completed a doctoral program (Doctorate). 
Analytical Theory of Investment

In order to test the utility of each education level, one must have a uniform measure to compare them.  Using the analytical theory of investment, as adapted from the work of Chen (2005), we can calculate rates of return at each level.  This theory is appropriate because, as its name suggests, it calculates return levels based on various forms of investment.  This pertains exclusively to the question at hand since we are attempting to determine which investment in education is most profitable in the long run.  


To calculate rates of return one must define a measure for revenue, costs, and profit.  Revenue in this case is measured by annual median salary levels enjoyed at the various education levels.  Costs have two components: a fixed portion and a variable portion.  Under this analytical theory, variable cost is a function of fixed cost, project duration, the discount rate, and uncertainty.  Profit is simply the difference between revenue and costs.   

To calculate variable cost under this framework, one must utilize the formula developed by Black-Scholes (1973) for European call options.  This option valuation formula can be stated as:
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Within these formulae, K represents the fixed cost of the investment, which translates into the total tuition costs each type of student has incurred from secondary school and beyond.  In our study, we have assumed a base investment of $5,000 U.S. per student for secondary education; this is constant throughout each scenario.  From that point, we have attributed an additional $10,000 per year of post-secondary education.  This annual figure is the average tuition costs for most post-secondary education institutions in the United States.
  We have utilized data from the U.S. because it is more readily available than data for Canadian tuition costs and subsequent annual salary levels.  A chart of the different levels of fixed investment for each education program can be viewed in Figure 1.
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The doctoral program has the largest value of K with $105,000.  This includes the base $5,000 for secondary school and 10 years of post-secondary education at $10,000 in tuition costs per year.  It is important to note that the value of K for a professional designation is equal to the fixed cost of investment for a bachelor’s degree.  This is because most designations, such as that of a Chartered Accountant (CA) or Chartered Financial Analyst (CFA), are attained through a combination of work experience and modular self-directed learning.  Most professional institutions, such as a public auditing firm, cover the costs of their employees as they strive to achieve their designations.  As such, no further tuition costs are incurred for these types of students beyond their undergraduate fees.
The value of S is equal to the final value of the product emerging as a result of the investment.  In this case, S represents the annual salary that each type of student receives as a result of their academic efforts.  The data for S is the median annual salary for each education program as of 2004 in the U.S.
  This data was collected from the U.S. Department of Commerce and is summarized in Figure 2 below.
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The duration of the project, which translates into the number of years each student spends at a secondary-level education institution and beyond, is denoted by T.  The discount rate, which is included to represent the time value of money, is represented by the variable r.  This variable is constant at 3% for all the tests since inflation has averaged around this percentage for the last number of years.  The function N(x) is included in these formulae to take into consideration the cumulative probability distribution function for a standardized normal random variable.  
The variable, ơ, represents the uncertainty associated with each “project.”  Within this context, uncertainty is the risk that the individual’s level of education will not allow him or her to attain an occupation that will earn the median annual salary.  To calculate uncertainty, we collected a range of annual salaries for each education level and simply derived the standard deviation from each of these data groups.  Taking all these factors together, we can calculate the variable cost of an investment, which is represented by the variable C.
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Upon discovering variable cost, one can easily calculate the return on investment using the following formula:

(2)
In this formula, Q represents the number of times the final product, S, is “produced.”  Since S denotes the annual salary levels of individuals after successful completion of their respective programs, Q equals the number of work years each student will carry out following their education.  The tests assume a retirement age of 65, which is the standard among many government funded retirement pension programs in Canada.  To calculate Q, one must simply subtract the age of the student upon successful completion of his or her education program from 65.  For example, if an individual completes their doctorate within the usual duration, their average time spent in both secondary and post-secondary education will be around 15 years.  This includes 5 years of secondary education, 4 years during their undergraduate career, 2 years completing their masters, and an additional 4 years to obtain a doctorate.  After this process, the individual will be about 28 years old.  As such, Q for the doctoral student will be 37 (i.e. 65-28).
Testable Implications of the Theory


The properties of this theoretical framework have some implications that can be explored further.  Chen (2007) has summarized six of these important properties in his previous work:

1. When the fixed cost of investment, K, is higher, the associated variable cost, C, is lower.

2. For the same amount of fixed cost, when the duration of a project, T, is longer, the variable cost is higher.

3. When uncertainty, ơ, increases, variable cost increases.
4. When the fixed cost approaches zero, the variable cost will approach to the value of the project.
5. When the value of the product approaches zero, the variable cost will approach zero as well

6. All five preceding properties are consistent with our intuitive understanding of production processes.

There are several implications from these properties on the rate of return for each investment.  Property (1) indicates that the higher the fixed cost, the lower the resulting variable cost will be.  Variable cost is applied annually throughout the duration of one’s academic career.  Fixed cost is the total upfront cost of education that remains static throughout the years.  As such, a lowering of variable cost caused by a marginal increase in fixed cost will result in a net decrease in total costs.  This is because the multiplier effect of variable cost has a much greater impact on total cost than any change in fixed cost.  In this way, Property (1) seems to suggest that an increase in fixed cost will lower variable cost, thereby decreasing total cost and increasing the rate of return.  We can derive the first hypothesis of the study based on this analysis.
Hypothesis 1:  The higher the fixed cost of investment, K, the higher the rate of return.

This hypothesis suggests that the more a person invests in his or her education, the higher return he or she will enjoy in the long term.  As such, one would expect that the highest rates of return will be enjoyed by those groups with the highest levels of education (i.e. masters and doctorate).  
Property (2) is difficult to test within this particular study because the level of fixed cost investment varies for each education program.  This cannot be adjusted for due to the nature of the study and the necessity of different fixed cost levels as they pertain to longer education programs.  Property (3) indicates that an increase in uncertainty will result in an increase in variable cost, thereby lowering the rate of return.  Since the high-school graduate group has the highest measure of uncertainty, one can predict that they will receive the lowest return on their investment.  This leads to the second hypothesis of the study:
Hypothesis 2:  The investment with the highest level of uncertainty, ơ, will have the lowest rate of return. 


Properties (4) and (5) also pertain to the high-school group since this education level has the lowest fixed cost of investment, K, and the lowest product value, S.  The results of the study will be discussed in the next section.
3.  Study Results
The results of the study can be observed in Table 1.  Within the table, the input parameters S, K, r, T, ơ, and Q for each education level has been entered into the appropriate formulas to obtain the resulting products d1, d2, C, and the rate of return.
	Table 1 - Rates of Return for Each Education Investment

	
	
	
	
	
	
	

	 
	 
	High School Completion
	Bachelor's Degree
	Professional Designation
	Master's Degree
	Doctorate

	Given Parameters
	 
	
	
	
	
	

	S*
	
	 $        35,725 
	 $        57,220 
	 $      100,000 
	 $        71,530 
	 $        82,401 

	K (Fixed cost)
	
	 $          5,000 
	 $        45,000 
	 $        45,000 
	 $        65,000 
	 $      105,000 

	r (avg. inflation of 3%)
	
	0.03
	0.03
	0.03
	0.03
	0.03

	T
	
	5
	9
	11
	11
	15

	σ (Uncertainty)
	
	0.8624
	0.6235
	0.3122
	0.5632
	0.7225

	Q (work years)
	
	47
	43
	43
	41
	37

	 
	
	
	
	
	
	 

	Products
	
	
	
	
	
	 

	d1
	
	2.0617
	1.2080
	1.6076
	1.1619
	1.4733

	d2
	
	0.1333
	-0.6625
	0.5721
	-0.7060
	-1.3249

	C (Variable cost)
	
	 $   32,644.16 
	 $   42,004.75 
	 $   71,427.53 
	 $   51,538.43 
	 $   70,405.85 

	 
	
	
	
	
	
	 

	Rate of Return
	
	8.69%
	28.45%
	32.19%
	29.75%
	11.78%

	 
	 
	 
	 
	 
	 
	 

	*Median Annual Income, by Level of Education, U.S. 2004
	
	
	



By analyzing the table, several interesting patterns emerge.  First, there is no clear relationship between return rates and the fixed cost of investment, K.  This seems to reject both Hypothesis 1 and the notion that an increased investment in education will result in higher rates of return.  There are also some interesting observable conclusions relating to the lowest education group, the high-school graduates.  This group received the lowest rate of return of 8.69% for a number of reasons.  First, this education level earns the lowest median annual salary ($35,725 U.S.), thus decreasing the numerator in Formula (2).  Furthermore, the variable cost associated with this group is high relative to the other education groups.  As such, the denominator in the rate of return formula for the high-school group is increased.  This combination of a smaller numerator and larger denominator decreases the result of Formula (2) for the high-school group, thereby decreasing their overall return on investment.

The fact that the high-school group earned the lowest rate of return verifies Hypothesis 2.  Individuals without an education beyond the secondary level are usually limited to job opportunities that do not require a high level of skill.  These occupations tend to have lower compensation levels; as such, it is often very difficult to acquire a position that pays the median annual salary of $35,725 U.S. if the individual has only completed secondary education.  In this way, the uncertainty of attaining such a position is highest with the high-school group, and they received the lowest return on investment as a result.  This outcome is consistent with Property (3) and supports the argument that the investment with the highest level of uncertainty will receive the lowest rate of return.

The results observed with the high-school group also support the arguments presented in Properties (4) and (5).  The high-school group had the lowest value of K, meaning that it was the education group whose fixed cost approached zero the most.  As a result, its associated variable cost ($32,644) closely resembled the final value of the product ($35,725).  This is consistent with what was proposed in Property (4).  The high-school group also had the lowest value of S, meaning that its final product value approached zero more than any other education group.  Based on the study, it would seem that Property (5) does hold because the variable cost of the high-school group is the lowest among all the groups.
4.  Concluding Remarks


Based on the preceding analysis, it is unclear whether the old adage regarding the benefits of higher education is true.  The results of this study make it clear that some level of post-secondary education is worthwhile (due to the lowest rate of return attributed to the high-school graduates), yet the exact level of education that should be attained has not been determined.  We do not want to confuse our results with the implication that every individual should strive to obtain some sort of professional designation.  Despite the fact that this education program received the highest return on investment among all the designated groups does not necessarily mean it is the right course of action for everybody.  Individuals within society should pursue a level of education and compensation that is in-line with their own needs and preferences.  Personal satisfaction with one’s accomplishments and occupation should be a primary concern for everyone and we hope that our study only supports the decisions made by individuals to pursue certain education achievements. 
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