COST ANALYSIS TOOL—Kayle’s Difficult Decisions
EXERCISE
© Melvin L. Myers, 2005


Cost Analysis Tool Applied to The Kayle’s Difficult Decisions
Partnerships for Preventing Farm Injuries to Rural Youth

Objectives: 

1. Who in the community is at risk of these types of injuries?

2. What are the costs of these injuries, 

and who bares these costs?

3. In what ways can these injuries be prevented, 

and why is it cost effective to do so?
Economics: Economics includes the study of production, distribution, and consumption of goods and services.  Students need to understand how their economic decisions affect them, others, and the nation as a whole. 

Academic Expectation 2.18:  Students understand economic principles and are able to make economic decisions that have consequences in daily living. (Grade 11) 

1. The basic economic problem confronting individuals and societies is the scarcity or imbalance between unlimited wants and limited resources available for satisfying those wants.
SS-H-3.1.1: Scarcity of resources necessitates choices at both the personal and societal levels.

SS-H-3.1.3: To make informed choices, consumers must analyze advertisements, consider personal finances (including the importance of savings, investment, and use of credit), and examine opportunity cost.

2. To deal with the problem of scarcity, people and societies create economic systems and institutions.

SS-H-3.2.2: Economic institutions include such organizations as corporations, labor unions, banks, stock markets, cooperatives, and partnerships. (also insurance)

SS-H-3.2.3: Individuals attempt to maximize their profits based on their role in the economy (e.g., producers try to maximize profit, workers try to maximize income, savers and investors try to maximize return).
3. Markets are institutional arrangements that enable buyers and sellers to exchange goods and services.

SS-H-3.3.1: Numerous factors influence the supply and demand for products (e.g., supply - technology, cost of inputs, number of sellers; demand - income, price of similar products, consumers’ preferences).

SS-H-3.3.2: Specific financial and non-financial incentives often influence individuals differently (e.g., discounts, sales promotions, trends, personal convictions).

4. All societies deal with questions about production, distribution, and consumption.

SS-H-3.4.1: An entrepreneur is a person who organizes and manages a business and/or enterprise usually with considerable initiative and risk.

SS-H-3.4.2: Technological change and investments in capital goods and human capital/resources increase productivity.

SS-H-3.4.3: Investments in capital goods and labor can increase productivity but have significant opportunity costs.

Microsoft Excel™ Spreadsheet: KY.LESSON110104
Exercise 1: Review of the cost of Billy’s tractor overturn.

WORKSHEETS 1-5

Tractor Exposure Hours (KaylesFarm 1)
Overturn Risk Factors (KaylesFarm 2)
Intervention Cost (KaylesFarm 3)

Injury Cost Distribution (KaylesFarm 4)
Type of Cost (KaylesFarm 5)
After Billy was injured, the Kayle family sat down at their kitchen table to discuss how to prevent an overturn injury from occurring again. First, they reviewed the circumstances of the tractor overturn that injured Billy. They recognized that equipping their tractors with a rollover protective structure (ROPS) and seatbelt would reduce the risk of injury in the event of a tractor overturn. Then they used a decision analysis tool to understand the risks involved with tractor overturns, by calculating the likelihood of another injury. Third, they calculated the cost-effectiveness of interventions to protect Billy, other family members, or other drivers in the event of an overturn. 

The Kayle’s have three tractors; one has a ROPS and seatbelt, but their other two tractors lack this protection. As we learned in The Kayle’s Difficult Decisions problem, Billy was driving a non-ROPS tractor that was in poor condition with poor brakes and worn tires when it overturned and injured him. An EMS team took him to a community hospital for emergency care, and then he was transported to a medical center for long-term hospitalization. 

The Kayle’s family wants to avoid this happening again. They looked at the causes of the overturn, and realized that several factors contributed to the risk of the overturn. The tires were worn and lacked traction, and the brakes were in poor condition so that Billy had a hard time stopping the tractor especially with a loaded trailer pushing the tractor down hill. 


This and the next two exercises involve placing data into a spreadsheet and understanding the results of the embedded analyses that result from your entries. These entries progressively affect later worksheets through a total of 14 worksheets. The first worksheet is “KaylesFarm 1: Tractor Exposure Hours.” Data entered into this worksheet affects the probability of an overturn in the next worksheet and so on. Note that as we start, each worksheet is devoid of data. 

WORKSHEET 1—Tractor Exposure Hours (KaylesFarm 1)
The risk of an overturn depends upon the number of hours a tractor is driven per year, which is called exposure. The number of hours driven per year for Eugene’s and Billy’s tractors are, respectively, 400 hours/year and 326 hours/year. 

► Place the Exposure: Hours/yr Driven for Billy’s tractor into the blue cell on the spreadsheet.

WORKSHEET 2—Overturn Risk Factors (KaylesFarm 2)
In the spreadsheet, the problems with Billy’s tractor that were identified in The Kayle’s Difficult Decisions are shown in a column along with the risk associated with each problem (blue boxes); these are called Risk Factors. 

► Place a percentage that varies from 0% to 40% in the Overturn Risk column in each of the blue cells such that the total risk equals 100%. There is neither a right nor a wrong number, just your own judgment. Alternatively, there is an example of another person’s entries in the addendum to these instructions. Watch how the Annual Overturn Likelihood percentage (risk) changes based upon the percentages that you enter. It also depends upon the exposure data  SEQ CHAPTER \h \r 1that you have already entered.

QUESTION 1.1. How did the Annual Overturn Likelihood of Billy’s tractor change relative to the average likelihood of an overturn linked to Eugene’s tractor? ________________________________________________________________

________________________________________________________________

WORKSHEET 3—Intervention Cost (KaylesFarm 3)
Repairing the tractor can reduce the likelihood of an overturn, and adding a rollover protective structure (ROPS) can reduce the risk of injury in the event of an overturn. 

► Place three figures into the three blue cells in the column under the heading, Intervention Cost. First, assume that replacing the worn tires would cost $400, and second, repairing the brakes would cost $120. Third, locate and enter the total cost of a ROPS retrofit purchase from the website link on the spreadsheet, http:findarticles.com/p/articles/mi_m1204/is_2_100/ai_82743155, for the 1968 model year tractor. This prevention investment is the Intervention Cost. 

QUESTION 1.2. What is the total Intervention Cost that would reduce the potential for an overturn and an injury from an overturn of Billy’s tractor? $___________

	Table 1. Costs described in The Kayle’s Difficult Decisions

	Direct Costs
	Amount

	Emergency care
	$5,000

	Hospitalization
	$107,000

	Indirect Costs
	

	Lost income for Ellen
	$1,400

	Tractor repair
	$1,800

	Motel, eating, phone
	$1,500

	Harvesting delay
	$1,300

	Substitute labor
	$1,000


WORKSHEET 4—Injury Cost Distribution (KaylesFarm 4)

The cost of Billy’s injury represents the potential savings that are provided by the interventions. These potential savings are represented by the direct and indirect costs of the injury. In addition, these costs can be viewed as costs to the farmer (the Kayle’s family) or to society. The cost to the farmer is a microeconomic perspective that addresses the cost at the firm or family level, whereas, the social cost is a macroeconomic perspective that addresses all costs at the broader community level. 


Several costs were described in The Kayle’s Difficult Decisions exercise, which are listed in Table 1. 

►Enter the data from Table 1 into the appropriate blues cells related to the Overturn Injury Cost on the spreadsheet. 

However, other costs need to be addressed as well. For example, Ellen’s medical insurance for the family covered 80% of the first $100,000 of medical expenses.  Nonetheless, other costs emerged for the Kayle’s family related to the Billy’s injury. These other costs are noted on WORKSHEET 4—KaylesFarm4: Injury Cost Distribution in the Cost Schedule that specifies cost per unit and number of units. 

► Enter the data as described or calculated from the following five bullets into the blue cells in the columns under the Cost Schedule (hint: there are 52 weeks in a year.):

● Physical therapy: Billy’s physical therapy has an additional direct cost priced at $200 for each visit, which The Kayle’s Difficult Decisions described as twice a week for six months. 

● Lost time for Billy: Billy will need to make up the time that he did not attend school for 6 months, valued at $500 per week. This is the amount of income that he will forego by staying in school longer.

● Lost time for Eugene: Eugene has provided care for Billy and had to work longer hours per day during this 6-month period to do Billy’s chores estimated at 2 hours per day at a value of $15 per hour.

● Lost time for Ellen: Ellen’s additional time beyond her time spent at the hospital and care-taking at home can be calculated for taking him to therapy at 4 hours per visit valued at $15 per hour. 

● Silage wagon replacement: Eugene was able to replace the wrecked silage wagon by successfully bidding on another one at an auction at a purchase price of $200. 

● Insurance payment: Ellen pays $800 per year for the family’s medical insurance (which is matched by a payment by her employer). 

QUESTION 1.3. What is the total cost of the injury to the Kayle’s family? $_____________

What is the total cost of the injury to society? $_____________

QUESTION 1.4. How much of this total would be saved with the farmer perspective by investing in the interventions to prevent overturns and overturn-related injuries if they occur? Consider both the Intervention Cost and the Overturn Injury Cost. $_____________

The social perspective? $_______________

QUESTION 1.5. The chart on this worksheet compares the costs between the farmer and society. Why are the microeconomic costs to the farmer less than the macroeconomic costs to society? _____________________________________

WORKSHEET 5—Type of Cost (KaylesFarm 5)
QUESTION 1.6. What is the difference in the implicit and explicit costs as shown in the columns under the heading, “Type of Cost”? _____________________________________________________

► Enter the three intervention costs under the Farm heading individually as either implicit or explicit costs under the heading, “Type of Cost.”

QUESTION 1.7. Are the Intervention Costs implicit or explicit costs? ______________________________

Exercise 2: Decision analysis for making the Kayle’s tractors safer.

Based upon Kentucky-wide analyses. 

WORKSHEETS 6-7

Probabilities

DecisionTree


The Kayle’s family examined the risk related to Billy’s tractor first. They decided to use decision analysis, which makes use of a decision tree that can combine several probabilities into an analysis. In their analysis, they needed to analyze not only the probability of an overturn, but also the probability of an injury in the event of an overturn. Moreover, another injury could vary in severity. “WORKSHEET 6--Probabilities,” as shown in yellow. 

WORKSHEET 6—Probabilities
The probability of an injury related to a tractor overturn depends upon two probabilities. One probability is the likelihood of an overturn as we calculated in the previous worksheet for Billy’s tractor (viewed as a percentage and a probability). This probability of an overturn has been automatically placed into the appropriate (yellow) cells labeled Pr_o= and Pr_ow= from the previous worksheet. 

The other probabilities relate to the injury incurred in the event of a tractor overturn. Injuries with different levels of severity can occur in the event of an overturn as shown in Table 2 and their probability of occurring (expressed as percentages) differ depending on whether a tractor is equipped with a ROPS or not, which is also shown in Table 2. Retrofitting the tractor with a ROPS and seatbelt can prevent future injuries in the event of an overturn. 


► Insert the eight probabilities (expressed as percentages) from Table 2 of various severities of an injury into the appropriate blue cells under the Percentages heading of WORKSHEET 6--Probabilities for the tractor with and without a ROPS. 

QUESTION 2.1. How do the probabilities on the worksheet differ from the percentages? _____________________________________

QUESTION 2.2.What effect does the intervention have on injury outcomes? ________________________________________

WORKSHEET 7—DecisionTree
All of the data shown on the decision tree results from data entered into the previous worksheet and relates to Billy’s tractor. Thus, no data entry is needed. A decision tree allows the comparison of the outcomes of one alternative to another alternative. The outcomes in this analysis were injuries (or potential injuries averted). 

QUESTION 2.3. What are the two alternatives considered on this decision tree? _______

QUESTION 2.4. What Why is the common sum of each set of branches on the decision tree equal to 1.00? ____________________________________________________________

When one probability depends upon another probability—such as an injury depends upon an overturn—they occur in series, and the joint probability is the product of the two. In this analysis, the product is a joint probability of the likelihood of an overturn times the probability of an injury (differing by level of severity) in the event of an overturn. In a decision analysis this is called a fold back procedure since the multiplication folds back through the branches to the truck of the tree. 

QUESTION 2.5. How do the sum of the deaths in the Install ROPS alternative differ from the sum of deaths for the No ROPS alternative? ______________

When multiplied per 100,000, how do they differ? ____________

What implications does this difference have for social policy? ____________


To determine the injuries averted by the Install ROPS alternative as compared to the No ROPS alternative, the injuries related to the Install ROPS alternative are subtracted from the injuries of the No ROPS alternative. The total injuries averted are the sum of the results of the four subtractions. 

QUESTION 2.6. Does the number of injuries averted by ROPS protection on Billy’s tractor on the Kayle’s farm appear trivial? ______________________

QUESTION 2.7. When calculated per 100,000 people, how many injuries would be averted per year by equipping tractors (like Billy’s tractor) with ROPS? ___________

QUESTION 2.8. Does the chart, Injuries Potentially Averted by Installing ROPS per 100,000 Drivers per Year, confirm the protective value of a ROPS on a tractor?  _____________ 
Exercise 3: Cost analysis for making the Kayle’s tractors safer. 

Based upon Kentucky-wide analyses.

WORKSHEETS 8-14

Schedule

Inflation

Discounting

Expected Cost 

Cost Effectiveness


Breakeven


Benefit/Cost

Various types of cost analyses can be used to compare one alterative to another. In this exercise, the primary focus is on cost-effectiveness analysis, but expected value (expected cost) break-even analysis, and benefit/cost analysis are also demonstrated. These analyses build on the previous results of potential injuries averted from the analysis of Billy’s overturn-related injury and of their decision analyses regarding the tractor that he was driving. 


Time is an important factor in these analyses. The time value of future money must be adjusted since a dollar today is worth more than a dollar tomorrow. The time horizon of the analysis must be estimated, and it can be several years because the tractor may be in use for a long time into the future, or given an injury, its consequences may extend for the lifetime (or the absence of that life) of the victim. The Kayle family assumes a time horizon for their analysis of 25 years. They can vary this number to check on how sensitive the results are to differing number of years. Another time factor is inflation. Any cost data taken from the past must be adjusted for inflation between when that data was created and its current money value. 

WORKSHEET 8—Schedule

The Intervention Cost for Billy’s tractor has been automatically copied onto the worksheet.
	Table 3. Total Costs Associated with Different Injury Severities

	MIAS
	2000 Dollars

	Fatal
	6
	$977,208

	Disabled
	5
	$1,096,161

	Hospitalized
	3
	$186,097

	Outpatient
	1
	$10,562

	Note: Totals do not include pain and suffering costs


► Use Retrieve the estimates of the Injury Cost for each level of severity as shown in Table 3, by clicking on the link on WORKSHEET 5, www.nhtsa.dot.gov/people/economic/econimpact2000/aqppendix_a.htm. Use the totals for each severity level and enter them into the other four blue cells under Injury Cost.
►Determine the age of the data from this website and enter the year of the “Injury Data Base Year” in the appropriate blue cell.
WORKSHEET 9—Inflation

► To adjust this data for inflation; click on the link, www.bls.gov/cpi/home.htm, on the worksheet. Find and click on the Inflation Calculator, enter $100 into the top cell of the calculator and the Injury Data Base Year in the next cell. Take the resulting calculation (the same buying power) for 2005 and enter it into the blue cell under Inflation Calculator on WORKSHEET 9--Inflation.

QUESTION 3.1. Observe the chart, Comparison of Injury Costs With and Without Inflation. What effect does inflation have on these costs?

WORKSHEET 10—Discounting


The value of a dollar today is worth more than a dollar tomorrow. For example, given the choice would you accept $10,000 today or wait 10 years to collect $10,000? Thus, we discount future money to account for its lesser value as compared to today’s money.

► Enter 3% in the blue cell under Discount Rate per year. This is the typical social discount rate used in various government cost analyses. 

► Enter 25 years in the blue cell under Time Horizon, which was discussed above. 

QUESTION 3.2. How does the discount rate affect the time value of money in the future? 

QUESTION 3.3. Looking at the chart, Sensitivity of Present Values to the Discount Rate, what effect does the discount rate have on the value of life? _______________

Why is there no affect on the intervention cost? _________________

WORKSHEET 11—Expected Cost (negative value)
QUESTION 3.4. How does the cost (value) of different levels of severity and their respective probabilities combine to produce the expected cost of a tractor overturn?

QUESTION 3.5. Is the expected cost cash-based expenses (explicit costs) or forgone revenue (implicit costs)? 

WORKSHEET 12—Cost Effectiveness

Walla! This worksheet summarizes the results of the cost analyses.
QUESTION 3.6. Are the NET COST results a cost or a savings? ______________

QUESTION 3.7. How does the NET COST (or savings) differ for Billy’s tractor from the NET COST based upon the Kentucky-wide analysis? ____%

QUESTION 3.8. Looking at the COST-EFFECTIVENESS results, do the injury costs expected from the potential of an overturn of Billy’s tractor on the Kayle’s farm appear trivial? _______________________

How does this answer compare with your answer to question 2.6? ___________

WORKSHEET 13—Breakeven

QUESTION 3.9. Does the BREAK-EVEN POINT for the interventions to pay for themselves appear acceptable? _____________________

How does this affect productivity? 

WORKSHEET 14—Benefit/Cost
QUESTION 3.10. How does the BENEFIT/COST RATIO compare between the Kentucky-wide statistical analyses and the Kayle’s Experience? _______

QUESTION 3.11. Given the Kayle’s Experience, does society have an economic stake in preventing overturn-related injuries on their farm? _______________________

Addendum

A sample of entries by one person into blue cells on WORKSHEET 2--KaylesFarm 2: Overturn Risk Factors. 

	Overturn of Billy's tractor
	 
	 
	 

	 
	Risk Factors
	 
	Overturn Risk

	Machine problems
	 
	 
	percent
	 

	 
	worn tires
	 
	 
	20%
	 

	 
	poor brakes
	 
	30%
	 

	 
	bad battery
	 
	 
	 

	 
	pushed by wagon load
	20%
	 

	Environmental problems
	 
	 
	 

	 
	down a hill
	 
	15%
	 

	 
	elevated road
	 
	5%
	 

	Driver problems
	 
	 
	 
	 

	 
	speeding
	 
	 
	10%
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Glossary 


ROPS: rollover protective structure.


EMS: Emergency Medical Service. 


Risk: The possibility that harm may occur both in probability and severity.  


Risk factor: One of several factors associated statistically and temporally with the probability of a health outcome such as an injury. 


Benefit: Something of positive value. 


Scarcity: When there is not enough of a resource to meet all of people’s wants and needs.


Economics: Study of people’s choices and actions that they take in order to make the best use of scarce resources in meeting their wants and needs.


Microeconomics: Branch of economics that deals with choices and actions of small economic units such as households or business firms. 


Macroeconomics: Branch of economics that deals with large-scale economic phenomena such inflation. 


Intervention: An attempt to change how things are done in order to improve safety. 


Cost (of inputs): Price paid or loss incurred to acquire or produce something. 


Opportunity cost: Cost of a good measured in terms of lost opportunity to pursue the best alternative activity with the same time and resources.


Explicit costs: Opportunity costs that take the form of payments to outside suppliers, employees, and others who do not share in the ownership of the firm.


Implicit costs: Opportunity costs of using resources owned by the firm or contributed by its owners.


Direct costs: Costs incurred to secure medical treatment and medications. 


Indirect costs: Costs not directly associated with prevention and health care activities that accrue to individuals, society, or employers such as productivity losses. 


Price: The amount of money received from a sale or spent for a purchase including labor. 


Distribution: The manner in which the costs and benefits of a decision affect different groups of people in terms of demographics, geographic location, and other descriptive factors. 


Annual exposure: The amount of time, such as in hours, which an individual is exposed to a potential hazard over a year. An equivalent work-year has been defined as fifty 40-hour weeks per year, or 2000 hours of work per year. 








Glossary 


Disability: A physical or mental impairment that substantially limits one or more major life activities. 


Decision analysis: An explicit, quantitative, systematic approach to decision making under conditions of uncertainty.


Decision tree: A graphic representation of how all the possible choices relate to the possible outcomes. 


Sensitivity analysis: Vary one value in a decision tree to see the effect of that variable on the whole decision tree. 


Loss control: The economics of safeguarding against damage to property or injury. 


MAIS: Maximum Abbreviated Injury Scale


	MAIS 0: no injury


	MAIS 1: minor—superficial abrasion or laceration, sprain, 1st degree burn, headache


	MAIS 2: moderate—major abrasion or laceration, concussion, digit crush/amputation


	MAIS 3: serious—major nerve laceration, ribs fractured, organ contusion, limb amputation


	MAIS 4: severe—spleen rupture, leg crush, chest wall perforation, neurological damage


	MAIS 5: critical—spinal cord injury, deep laceration, 2nd/3rd degree burns, unconscious


	MAIS 6: untreatable—fatal 


Probability: A number between 0 and 1, and the sum of the probabilities that the event will occur and that it will not occur is 1. 





Glossary 


Discounting: A method for adjusting the value of future costs and benefits based on the time-value of money. (A dollar today is worth more than a dollar a year from now even without inflation.)


Discount rate: The rate at which an individual or society as a whole is willing to trade present costs in exchange for future benefits.


Expected Cost (Value): The mean (weighted average) of a variable. The average cost of an event that can combine probabilities and high cost consequences. 


Time horizon: The period of time that the effect of the intervention extends into the future, such as the length of time that the injury would have a potential impact, or the potential number of years that the tractor would be used. 


Inflation: A sustained increase in the average price of all goods and services because of an increase in currency. 


Productivity: A relation between input and output. 


Entrepreneur: The process of looking for new possibilities: making use of new ways of doing things, being alert to new opportunities, and overcoming old limits. 


Market: Any arrangement that people have for trading with one another. 


Cost analysis: The process of estimating the cost of prevention activities. 


Cost effective: Comparison of alternative interventions (including no interventions) per health outcome achieved and is presented as cost per case (injury) prevented. 


Cost-effectiveness analysis: An economic analysis in which all costs and benefits (negative costs) are related to a single, common effect. 


Benefit/cost analysis (also cost-benefit analysis): A type of economic analysis in which all costs and benefits are converted into monetary (dollar) values and the results are expressed as dollars of benefits per dollars expended. 


Present value: The process of converting future costs and benefits into their present value.


Cash flow: Cash out ≤ cash in + savings + borrowed cash. 





Table 2. Likelihood of injury in the event of a tractor overturn with and without a ROPS�
�
Injury Severity�
Injury Likelihood�
�
�
ROPS�
No ROPS�
�
Death�
0.115%�
7.980%�
�
Permanent disability�
0.500%�
5.700%�
�
Hospitalization/no permanent disability�
3.000%�
18.037%�
�
Outpatient care/minor injury�
3.125%�
25.729%�
�
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