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STUDENT PREPARATION 
Required Student Preparation  
Students should have completed the Math Refresher exercises as pre-course work prior to coming to 
class.  
Planned Academic Time Required: 8 hours 
Student performance will be informally evaluated during class discussions and exercises and 
formally evaluated on Exam 1 
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Lesson Presentation 
 

Lesson 1 – Compute fundamental quantitative problems 

 
1.  Given the following equations, solve for X: 
 

1a.   If a = 6, b = 15, c = 5, solve for X:    a(X)  =  b  +  c(X) 
              

 
 
 
 
 
1b.  If a = 20, b = 70, c = 10, solve for X:    a(X)  =  b  +  c(X) 

       
 
 
 
 
 
 
2.  For the equations below, answer the following, and then graph the points using the graph 
on the next page: 
  

2a.  Graph the following, Y  =  4  +  2(X), where:    X        Y 
        1 ? 
        3 ? 
        5 ? 
        7 ? 
        9 ? 
        11 ? 
 
 
 2b.  On the same graph as 2a, graph the following: 

Y  =  10  +  1(X), where:     X          Y 
0 ? 
4 ? 
6 ? 
8 ? 
10 ? 

 
 
 2c.  Look at the graph.  At what point do the lines appear to intersect? 
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2d.  Find the value for X which makes the two equations equal. 
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2e.  How do your responses to 2c and 2d compare? 
 

 

 

 

 

3.  Given Y = A + BX, and A = 5, and B = 2, calculate Y at the following X coordinates.  (Note:  
an equation in this form represents a line, and can be called a “linear equation.”) 

 
X Y  

 0 ?  
1 ?  

 2 ?  
 4 ?  
 
 Now, graph the points.    
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With respect to the line, what does B represent?  (Hint:  slope is calculated by figuring the “rise over 
run,” or, the change in y for every change in X.  It can be calculated as follows:)  
 

𝑌𝑌2−𝑌𝑌1
𝑋𝑋2−𝑋𝑋1

 

 
 
 
 
  
 
What does A represent?  (Hint:  the y-intercept is the value of Y when X =  0) 
 
 
 
 
 
 
 
Write the equation of this line.    
 
 
 
 
4.  Given Y  =  A  +  BX, where A = 3  and  B =  2, calculate the coordinates and plot the graph 
for:    

X Y  
  0 ?  
  1  ?   

2 ?  
  3 ?  
 
 
 
 
 
 
Now, graph the points. 
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Write the equation of this line.   
 
 
 
What is the “y-intercept”? (Hint:  the y-intercept is the value of Y when X  =  0) 
  
 
 
 
What is the slope of this line? (Hint:  slope is calculated by figuring the “rise over run,” or, the 
change in y for every change in X.  It can be calculated as follows:)  
 

𝑌𝑌2−𝑌𝑌1
𝑋𝑋2−𝑋𝑋1
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5.  Given the following points, plot the graph. 
 X Y 
 1 3 
 2 4 
 3 5 
 6 8 
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5a. What is the slope of this line?   
  
𝑌𝑌2−𝑌𝑌1
𝑋𝑋2−𝑋𝑋1

  
 
 
 

 
 

5b.  What is the y-intercept?   
 

 
 
 
 

5c.  With the slope and the y-intercept, write the equation of this line: 
  
 
 
  

 
5d.  With the equation of the line, verify the points you plotted earlier fit the line of your 
graph.    

Y  =  2  +  1X   X Y 
       0 ?   
       1 ?   
       2 ?   
       3 ?   
       6 ?   
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6.  Lester must earn at least a 90% in his agency’s Contracting Officer warrant board course 
in order to earn his Procuring Contracting Officer (PCO Warrant).  Based on his scores, will 
Lester earn his PCO warrant? 
  
 Exam 1 84% 
 Exam 2 86% 
 Final Exam 96% 
 
 
 
 
 
7.  Lester realizes he misread the PCO course syllabus.  While he must earn at least a 90% in 
his Contracting Officer warrant board course to earn his Procuring Contracting Officer (PCO 
Warrant), his first two tests are each worth 25% of his grade, and the final exam is worth 
50%.  Based on his scores, will Lester earn his PCO warrant? 
  
 Exam 1 84%  (25% of grade) 
 Exam 2 86%  (25% of grade) 
 Final Exam 96%  (50% of grade) 
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Lesson 2 - ELO 2.01  Use Price Indexing to make price adjustments necessary to 
analyze price and cost information collected over a period of time. 
 

   
 
Introduction 
Price Analysis involves the comparison of the apparent successful quote/proposal to other 
prices/costs.  Sometimes we have to compare the quote/offer to historical prices/costs.  However, the 
changing value of the dollar over time can complicate comparisons and other analysis using price or 
cost information that has been collected over time.  You can use price indexes to adjust prices/costs 
to compensate for inflation or deflation and facilitate comparisons and other analysis. 
 
Price Index Numbers Defined 
Probably the most commonly used quantitative measure used in contract pricing is the price index 
number.  Price index numbers measure relative changes in prices over time.  Index numbers are 
essentially a ratio of the price of goods today compared to their price in previous years. 
 
While index numbers can measure both prices and costs, discussions of index numbers in contract 
pricing normally refer to price indexes.  In addition, indexing is commonly used in pricing to 
measure productivity. 
 
Simple and Aggregate Price Index Numbers - Price index numbers can indicate price changes for 
one or several related items or services over a period of time. 
 

• Simple index numbers calculate price changes for a single item over time.  Index 
numbers are more accurate if they are constructed using actual prices paid for a single 
commodity, product or service rather than the more general aggregated index. 

 
• Aggregate index numbers calculate price changes for a group of related items over 

time.  Aggregated indexes permit analysis of price changes for the group of related products. 
An example of an aggregate price index is the Producer Price Index (Bureau of Labor 
Statistics) that provides information on the changes in the wholesale price of products sold in 
the United States over a given period of time. 
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Identifying Situations for Use 
There are several possible situations where using price indexing may be appropriate. See below and 
the slides that follow for a brief description of some situations and how to adjust historical prices 
using ‘indexing’.  
 

• Inflate/deflate prices or costs for direct comparison.  Use price index numbers to 
estimate/analyze a product’s cost or price today using the cost or price of the same or a 
similar product in the past. 

 
• Inflate/deflate prices or costs to facilitate trend analysis.  Use index numbers to facilitate 

trend or time series analysis of costs or prices by eliminating or reducing the effects of 
inflation so that the analysis can be made in constant-year dollars (dollars free of charges 
related to inflation/deflation). 

 
• Estimate/project prices or costs over the period of contract performance.  Prices and 

costs of future performance are not certain.  One effect that you must consider is the 
changing value of the dollar.  Use index numbers to estimate and negotiate future costs and 
prices. 

 
• Adjust contract price or cost to account for inflation, deflation, and other market 

factors. When price changes are particularly volatile, you may need to include an economic 
price adjustment clause in the contract.  Using index numbers is one of the most popular 
methods used to identify and define price changes for economic price adjustment. 
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An example of a common index is the Cost of Living Allowance for many Government and 
contractor employees. 

 
 
Selecting a Price Index for Analysis 
There are many sources of published indexes. You may not have the time or data required to 
construct the price indexes that you need for price or cost analysis.  Fortunately, there are many 
sources of previously constructed price indexes that you can use to estimate price changes. These 
sources include: 
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Points to Consider in Index Selection 
Use published indexes carefully, since a published index will usually not exactly fit the pattern of 
price changes for the product or service that you are analyzing.  The data isn’t usually from a 
specific contractor or location, but represent national or regional averages.  Nevertheless, pre-
constructed index numbers offer a practical alternative to the costly and time-consuming task of 
developing index numbers from basic cost data. 
 
When you use published indexes, choose the index series that best fits your specific analysis effort.  
Usually, the closer the chosen index series relates to the item that you are pricing, the more useful 
the number will be in your analysis. 
 
If you are buying a finished good, indexes representing raw materials and purchased components 
will not necessarily provide an accurate basis for projecting prices because the finished good may 
also be strongly influenced by trends in direct labor, cost of capital, etc.  Accuracy can be improved 
through the use of a weighted average index, which represents changes in both labor and material 
elements of price.  Many contracting organizations develop weighted average indexes for major 
products or major groups of products. 
 
Indexes from the Bureau of Labor Statistics 
The Government collects and publishes vast amounts of data on prices.  The U.S. Department of 
Labor, Bureau of Labor Statistics (BLS) is the principal fact-finding agency for the Federal 
Government in the broad field of labor economics and statistics.  (See http://www.bls.gov/ )  Four of 
the best known sources of index numbers are published by the BLS:  
 
 

• Producer Price Index.  Probably the best known and most frequently used source of price 
index numbers for material pricing is the Producer Price Indexes (PPI) published monthly 
by the BLS.  These indexes report monthly price changes at the producer/wholesale level for 
15 major commodity groups and over 30 services.  The table below includes several of the 
commodities and services addressed by the PPI, and can be found 
at http://bls.gov/web/ppi/ppitable06.pdf. A producer price index for an industry is a measure 
of changes in prices received for the industry’s output sold outside the industry (that is, its 
net output). Producer price indexes measure the average change in prices received by 
domestic producers of commodities in all stages of processing. The PPI is an output price 
index, meaning it measures price changes received by manufacturers of a product. It is 
neither a buyer's index nor an input price index, meaning it does not measure the cost of 
producing that item. PPI data are based on selling prices reported by establishments of all 
sizes selected by probability sampling, with the probability of selection proportionate to 
size. Individual items and transaction terms from these firms are also chosen by probability 
proportionate to size sampling methods. PPIs are based on a monthly sample of about 
100,000 quotations, resulting in publication of over 10,000 different indexes each month 
(for more information, see the BLS’ Producer Price Index, Escalation Guide for Contracting 
Parties, on the BLS website). 

  

http://www.bls.gov/
http://bls.gov/web/ppi/ppitable06.pdf
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PRODUCER PRICE INDEXES  

COMMODITY GROUPS 

Commodity Code Commodity or Service Description 

01 Farm Products 
03 Textile Products and Apparel 
04 Hides, Skins, Leather, and Related Products 
05 Fuels and Related Products and Power 
06 Chemicals and Allied Products 
07 Rubber and Plastic Products 
08 Lumber and Wood Products 
09 Pulp, Paper, and Allied Products 
10 Metals and Metal Products 
11 Machinery and Equipment 
12 Furniture and Household Durables 
13 Nonmetallic Mineral Products 
14 Transportation Equipment 
30 Transportation Services 
32 Warehousing Storage Services 
38 Data Processing and Related Services 
45 Professional Services (partial, including 

business, legal, engineering, IT, logistics 
consulting) 

80 Construction (partial) 
 

For a more specific look at information available under the PPI, execute the following steps from 
the www.bls.gov website:   

 

 
 

http://www.bls.gov/
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At Step 7, you will find actual tables of index numbers recorded by the Bureau of Labor 
Statistics, unique to the category of ‘Ball and Roller Bearing Manufacturing’.  In addition to 
this Ball and Roller Bearing category, you can explore many other categories within a short time. 

 
• Consumer Price Index Detailed Report.  The consumer price index (CPI), published 

monthly in the Consumer Price Index Detailed Report, reports on changes in consumer 
prices for a fixed mix of goods selected from the following categories: 

• food 
• clothing 
• shelter and fuels 
• transportation 
• medical services 
 

You should normally not use the CPI to adjust material prices because the CPI reflects retail 
rather than wholesale price changes.  However, the CPI can be of value in pricing services 
when labor rate increases are linked to changes in the CPI. 

 
 

• Monthly Labor Review.  The Monthly Labor Review is edited and posted by the Bureau of 
Labor Statistics, and includes analysis of the labor costs, output, productivity, 
unemployment for different skills and population demographics.  The Review also includes 
selected data from a number of Government indexes, including: 

• Employment Cost Index 
• Consumer Price Index  
• Producer Price Indexes  
• Export Price Indexes  
• Import Price Indexes  
 

That data and other information presented in the publication can prove useful in conducting 
market research and for analyzing the price of contracts, such as service contracts, where 
direct labor is a significant part of contract price. 

 
• Employment, Hours, and Earnings Survey.  The Employment, Hours, and Earnings 

Survey presents information on the hours worked and an earnings index for various classes 
of labor.  Like the Monthly Labor Review, the survey can be very useful in market research 
and for pricing contracts in which direct labor is a significant part of the contract price. 

 
 
Indexes from Other Government Agencies 
Data on contract prices are also available from agencies other than the Bureau of Labor Statistics.  
The most notable are the Federal Reserve System and the Bureau of Economic Analysis. 
 

• Federal Reserve System.  The Board of Governors publishes the Federal Reserve Bulletin, 
which includes economic indexes and data on business, commodity prices, construction, 
labor, manufactures, and wholesale trade.  Each bank in the system publishes information 
each month with special reference to its own Federal Reserve District.  (See 
http://www.federalreserve.gov/pubs/bulletin/default.htm) 
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• Bureau of Economic Analysis Publications.  The Bureau of Economic Analysis, 
Department of Commerce, publishes the Survey of Current Business and the Business 
Conditions Digest.  The Survey of Current Business provides general information on trends 
in industry and the business outlook.  It furnishes economic indexes on business, 
construction, manufactures, and wholesale trade.  The Business Conditions Digest presents 
almost 500 economic indicators in a form convenient for analysis, as well as different 
approaches to the study of current business conditions and business prospects, including 
leading economic indicators.  (See http://www.bea.doc.gov/) 

 
 
Indexes from Government Contracting Organizations 
Many Government contracting organizations have teams of analysts who develop indexes that are 
particularly applicable to the organizations’ specific contracting situations.  These indexes may be 
developed from raw price data, or they may be developed as weighted averages of published 
indexes. 
 
Indexes from Commercial Forecasting Firms 
Numerous commercial indexes are available for use in contract price analysis.  While most 
Government indexes only report historical price changes, many commercial indexes also forecast 
future price movement.  In situations where forecasts are necessary, commercial indexes may prove 
particularly useful.  A major source for this information is Global Insight (formerly DRI).  Before 
using such indexes, examine their development and consult with auditors, technical personnel, and 
other contracting professionals to assure that they are applicable in your analysis situation. 
 
  

http://www.bea.doc.gov/
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Indexes from Industry 
Industry and trade publications frequently provide general forecasts of economic conditions and 
price changes anticipated in the industry.  To identify which publications have economic information 
relevant to a particular product, ask Government technical personnel.  Companies can also assist you 
in the identification of appropriate publications.  However, be sure to verify with Government 
personnel the appropriateness of sources of information recommended by responders. 

Indexes from Newspapers 
Publications, such as local, national, and financial newspapers, provide valuable forecasts of price 
changes in specific industries.  The information reported is normally data provided by the 
Government, economic forecasting firms, or industry groups. 

 
Adjusting Prices for Analysis 
There are two calculations we are interested in relative to indexing. First, we will learn to calculate 
the relative price change between two periods. Next, we will use index numbers to estimate current 
prices.  Making these calculations requires the use of the following symbols. 
 
  NI: New Index (for the time we are calculating an estimate) 
  OI: Old Index (from the time of the historical data element) 
  NP: New Price (what we are trying to calculate an estimate for) 
  OP: Old Price (the historical price paid) 
 
First, in calculating the relative price change of over a period of time, we may use either index 
numbers, or historical prices we may have gathered from our market research. 
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In order to calculate the relative price change (or, “percentage change”) between two periods, we 
will look at a couple of examples.  In these examples, we will use index numbers from market 
research.  Index numbers indicate the percentage change in prices relative to the base year.  Using 
the table of index numbers below, we can calculate the percentage change in a product’s price 
between certain years.   

 
 
 
 
 
 
 
 
 
 
To adjust prices for inflation or deflation, you must be able to do more than determine how prices 
have changed relative to a base year.  You must also be able to determine how prices changed 
between any two time periods. This formula will help us do that. 
 

 [  (NI  /  OI)  ×  100  ]  -  100  =  Percentage Change 
 

Where: 
NI = New Index 
OI = Old Index 
(Chronological Indexes) 

 
Example:  Looking at the table above, what was the percentage change between 2010 and 2013?  
To calculate the percentage price change between any two time periods, you must follow the same 
procedure that you would follow if you had actual price data, but you’’ be using the index numbers 
instead.  
 

[  (NI  /  OI)   ×   100  ]  –  100  =  Percent Change 
 
 
[  (123.2 / 112.0)  ×  100  ]  –  100  =  10% increase 

  
 
Based on the price index and this calculation, a buyer could estimate that product prices in 2013 
were 1.10 times the prices in 2010, or 10% percent more than the prices in 2010.  The product index 
numbers enable a buyer to estimate a general price increase in this product of about 10% due to 
inflation as well as other factors unique to building and selling this product. 

 
 

  

YEAR PRODUCT INDEX 
2008 100.0 
2009 105.3 
2010 112.0 
2011 116.5 
2012 119.3 
2013 123.2 
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Example:  You are conducting market research to purchase high-powered microscopes for your 
laboratory.  In 2010, the microscope price was $15,000.  In 2013, the price for the same microscope is 
now $16,500.  What is the percentage change since 2010?  Notice, in this example, we do not have index 
numbers, but we have historical prices.  Therefore, we calculate as follows:   

 
[  (NP  /  OP)  ×  100  ]  -  100  =  Percentage Change 

 
Where: 

NP = New Price 
OP = Old Price 
(Chronological Indexes) 

 
 

[  ($16,500  /  $15,000)  ×  100  ]  -  100  = 
 

[  1.1  ×  100  ]   -   100    = 10%  increase 
 

 
Now it’s your turn – 
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The second calculation we will learn about is how we can estimate prices in a current or future 
period based on prices from a previous period using index numbers.  We will also use index numbers 
to estimate prices in current years.  When we obtain historical prices through market research, we 
can use index numbers to estimate the price of the item in the current year. 
 

 
 
 
 

Example:  Given the table of index numbers, what would you estimate the price of a product to be 
in 2013 if the price in 2010 was $1,000?  (Note:  this is similar, but not the same as the percentage 
change calculation.) To estimate a price, use the price adjustment formula: 

 
 

(NI  /  OI)   x  OP   =   NP   
  
(123.2  /  112)  x  $1,000  =  $1,100 

 
 
 
 
 

Based on the price index numbers and a historical price, this calculation indicates a buyer would 
expect to pay approximately $1,100 for this product in 2013.  This increase in price from 2010 can 
be attributed to inflation as well as other factors unique to building and selling this product. 
 
  

YEAR PRODUCT INDEX 
2008 100.0 
2009 105.3 
2010 112.0 
2011 116.5 
2012 119.3 
2013 123.2 
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Now it’s your turn –  
 

 
 
Try Another One –  
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This example reveals that making the determination on price reasonableness must not be based on 
indexing analysis alone.  We must consider the entire contracting situation, including:  

• Recent changes in market conditions, including the areas of technology, levels of 
competition, overall demand for a product 

• Differences in order quantity, delivery and packaging requirements 
• Geographic location of manufacturing, delivery 
• Quality, performance parameters, warranty 
• Other contract terms, such as warranty, labor agreements, acquisition strategy 
• Age of the historical data from market research. 

 
Adjusting for such differences will be covered in more detail in CON 270. 

 

 
 

With all this in mind, we must realize that using indexing as part of our analysis is only part of the 
process to determine price reasonableness. Now that you are aware of some of the common ways to 
use index numbers, review the following steps that will help you to make such a determination:  
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Example: Considering the following scenario, use price indexing to analyze price-reasonableness.  
A buyer is analyzing a contractor's proposed price of $23,000 for a turret lathe to be delivered in 
2013. 
 

Step 1.  Collect Available Price/Cost Data.  Market research reveals a historical purchase 
of the same machine tool in 2010 at a price of $18,500.  Determine whether the 2013 
proposed price of $23,000 is reasonable. 
 
Step 2.  Select an Index Series For Adjusting Price/Cost Data.  Select or construct an 
appropriate index series.  During market research, search for the common indexes used by 
Government and industry when conducting business in this area.  In this case, you might 
search the BLS, or another commercial index which relates to metal working machinery or 
manufacturing, under the NAICS code of 333515.  In this example, we have established a 
Machinery and Equipment Index in the table below to help us assess price movement for 
turret lathes over the past several years. 

 
 
 
 
 
 
 
 
 
 

Step 3.  Adjust Prices/Costs for Inflation/Deflation.  After you have selected an index, you 
can adjust prices to a common dollar value level.  In this case, you would normally adjust the 
historical 2010 price to the 2013 dollar value level.  To make the adjustment, you simply use 
one of the equations already demonstrated. 

YEAR MACHINERY AND 
EQUIPMENT INDEX 

2008 100.0 
2009 103.3 
2010 106.0 
2011 110.8 
2012 115.0 
2013 121.9 
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   (NI  /  OI)  x  OP    =  NP   
 
   (121.9  /  106.0)  x  $18,500  =  $21,275 
 
By using index numbers and a historical price, a buyer can estimate the new price in 2013 to 
be $21,275.  This new price accounts for inflation and other factors unique to manufacturing 
this item. 

 
Step 4.  Use adjusted prices as basis for price evaluation.  Once you have made the 
adjustment for inflation/deflation, you can compare the offered and historical prices in 
constant dollars.  The offered price/cost is $23,000, but the adjusted historical price/cost is 
only $21,275.  Thus, the offered price/cost is $1,725, or 8.1 percent higher than what you 
would expect, given the historical data and available price indexes.  What would you do 
next? 

 
Remember, in addition to indexing you must explore and consider the other factors unique to 
each contracting situation. Your objective in reviewing these unique areas is to understand 
significant variance between the indexed price estimate and the proposed price, make the 
determination of fair and reasonable price, and decide whether to enter negotiations or make 
award. 
 

 
Conclusion 
In Closing, Remember the Issues and Limitations with Indexing.  As you perform price/cost 
analysis, consider the issues and concerns identified in this section, whenever your analysis is based 
on data collected over time. 
 

Were prices/costs collected over time adjusted for inflation/deflation?  Inflation/deflation 
can mask underlying price changes.  Price indexes should be used to compensate for the 
effect of these general price changes. 
 
Is it reasonable to use the price index series selected?  The price index series selected for 
making the price/cost adjustment should be as closely related to the item being considered as 
possible.  For example, you should not use the Consumer Price Index to adjust for changes in 
the price of complex industrial electronic equipment. 
 
Are adjustments calculated correctly?  Anyone can make a mistake in calculation.  Make 
sure that all adjustments are made correctly.  This is particularly important when the 
adjustment is part of a contractor's offer or part of an analysis performed by other 
Government personnel. 
 
Is the time period for the adjustment reasonable?  When adjusting historical prices for 
inflation, take care in selecting the period of adjustment.  There are two basic methods that 
are used in adjusting costs/prices, period between acquisition dates and the period between 
delivery dates.  The period between acquisition dates is most commonly used because 
purchase dates are typically more readily available.  However, be careful if delivery 
schedules are substantially different. 
 
Is more than one adjustment made for the same inflation/deflation?  For example, it is 
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common for offerors to adjust supplier quotes to consider inflation/between the time when 
the quote was obtained and the date that the product will be required.  This is acceptable 
unless the supplier already considered the inflation/deflation in making the quote. 
 
How far into the future should you forecast?  The further into the future that you forecast, 
the greater the risk. 
 
Did we consider adjusting our price estimate based on unique factors, which may not be 
captured in an index, such as: 

• Recent changes in market conditions, including area of technology, levels of 
competition, overall demand for a product 

• Differences in order quantity, delivery and packaging requirements; 
• Geographic location of manufacturing, delivery 
• Quality, performance parameters, warranty 
• Other contract terms, such as warranty, labor agreements, acquisition strategy 
• Age of the historical data from market research. 
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Price Indexing  - In Class Exercises    
 
Instructions: Complete the In Class Exercise below and answer the questions that follow. 
 
 
In 2013, you are evaluating an offer of $22,500 each for five precision presses.  Through market 
research, you discovered the “Machinery and Equipment Index” used by Government and industry 
analysts when purchasing these presses.  In addition, your customer provided several historical 
prices paid (see table on next page – Column D), all the way back to 2008.  Each of these purchases 
was for five presses, with similar performance and contract terms.  Given this information, use price 
indexing to analyze if the proposed price of $22,500 appears to be reasonable. 
 
 

Step 1.  Collect Available Price/Cost Data.  The organization has purchased five similar 
presses each year since 2008.  The historical unit prices are shown in Column D of the table 
below.  While purchase quantity changes are not present in this situation, unit prices are used 
to limit the effect of quantity differences on trend analysis.  In this case, the only apparent 
cost/price trend in the unadjusted data is increasing prices. 

 
 

Step 2.  Select Price Indexes for Adjusting Price/Cost Data.  In this example, we will use 
the same Machinery and Equipment Index we used in the previous Example.   
 
 
 
 
 
 
 
 
 
 

 
 

Step 3. Adjust Prices for inflation/deflation and other market factors.  Using Columns C 
and D, calculate the adjusted price equivalent for the precision press in 2013 dollars in 
Column E. 

 
  

YEAR MACHINERY AND 
EQUIPMENT INDEX 

2008 100.0 
2009 103.3 
2010 106.0 
2011 110.8 
2012 115.0 
2013 121.9 
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Step 4.  Make Price Comparisons.  What trends do you observe? 
 

 
 
 
 
 

What concerns will you address with additional market research? 
 

 
 

 
  

A B C D E 

Year 
 
 
 
 

Machinery and 
 Equipment 

 Index 
 
 

Index 
Adjustment 
Calculation 

 
(NI / OI) 

Historical 
Prices 

 
 

OP 

Historical 
Prices 

Adjusted to 
2013 
NP 

2008 100.0 
 

$17,391  

2009 103.3 
 

$17,796  

2010 106.0 
 

$18,087  

2011 110.8 
 

$18,724  

2012 115.0 
 

$19,245  

2013 121.9 -- -- ? 
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Price Indexing Practice Problems (answers provided at the end of the lesson) 

You have been asked to analyze changes in prices and costs over the past several years, based on the 
Producer Price Index for a certain commodity category.  Use the following Widget Producer Price 
Index factors to answer the questions below: 

Year Widget PPI 
2008 100.0 
2009 105.0 
2010 98.0 
2011 106.5 
2012 112.9 
2013 122.0 

 

1. By what percentage did the indexes change between 2009 and 2013?  
 
 
 
2. If an item was priced at $5,000 in 2009, estimate the price of the item in 2013.   
 
 
 
3. An item was priced at $3,000 per unit in 2009.  What would you estimate that the price was 

in 2010? 
 
 
 
 
 
4. It is 2013 and you have just received a proposal from Brown Industries for 1,000 widgets at 

a price of $850 each.  You remember that once before you purchased widgets.  You pull the 
contract file and see that the price of $650 each for 1,500 widgets was determined fair and 
reasonable in 2011.  Based on the Producer Price Index, what would your estimate be for 
the price in 2013?    

 
 
 
 

Therefore, does the proposed price appear to be fair and reasonable?  Defend your 
determination.      
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Price Indexing Practice Problem Solutions: 
 
1. By what percentage did the indexes change between 2009 and 2013?  

[NI /  OI ×  100 ]  -  100  
 
[( 122 / 105 )  ×  100 ]  -  100  =  16.2% 

 
2. If an item was priced at $5,000 in 2009, estimate the price of the item in 2013.   

 
122  /  105  ×  $5,000  =  $5,809.50 

 
3. An item was priced at $3,000 per unit in 2009.  What would you estimate that the price 
was in 2010? 

 
[(98  /  105)  ×  $3,000]  =  $2,800   

 
Notice, in this case, the price actually drops.  It is possible that overall inflation was still positive, 
but other factors unique to the widget market (such as decreased demand or more competition) still 
caused the prevailing market prices to fall.  Be aware that indexing with a specific index can reflect 
more about prices than simply inflation or deflation.  
 
4. It is 2013 and you have just received a proposal from Brown Industries for 1,000 
widgets at a price of $850 each.  You remember that once before you purchased widgets.  You 
pull the contract file and see that the price of $650 each for 1,500 widgets was determined fair 
and reasonable in 2011.  Based on the Producer Price Index, what would your estimate be for 
the price in 2013?    

 
(122  /  106.5)  ×  $650  =  $744.60 

 
Therefore, does the proposed price appear to be fair and reasonable?  Defend your 
determination.     Based on our percentage-change formula, this price is approximately 14% higher 
than the index data indicate the price should be.   
 

Calculate the percent change:   [ (NP / OP)  X  100 ]  -  100  
  [ (850 / 744.60)   X   100 ]  -  100  =  14.2%  

 
 

With such variance, we should conduct additional market research or fact-finding, pursue an 
explanation for the variance, and then make the determination of price reasonableness.  Two 
specific learning points:  a)  price indexing does not automatically enable us to determine a price to 
be fair and reasonable; b) the concept and need for “analyzing and explaining variance,” common 
in contract pricing, is emphasized again in the next lesson, and in even more detail in CON 270. 
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Lesson 3  --  ELO 2.02  Given a set of data, analyze Data Shape, Center, Spread 
and Trend characteristics. 
 

 
 
 
Introduction 
This lesson presents fundamental concepts of how to graphically display and analyze data.  In 
addition, the lesson presents how to recognize data patterns for predictive purposes. There is an old 
saying amongst statisticians that if you torture numbers long enough you can get them to confess to 
anything.  The purpose of the lesson, however, is to identify several simple ways of portraying and 
analyzing a set of numbers to draw conclusions and make predictions about the future. 
 
You may have heard obvious examples of poorly analyzed data – for example, “the average 
American family has 2.13 children”.  This observation doesn’t help plan for the next family to move 
into your neighborhood because it’s certain the new family will not have 2.13 children.  What is 
more helpful is to find a way to describe the typical family and the level of certainty of expectation 
that the next family will be typical.  In modern language, average has become to mean typical rather 
than a specific numerical calculation.  We will use mean, median, and mode as three different ways 
to describe typical.  We will also look at historical patterns to determine is it more or less likely that 
the next data occurrence will be typical – or, as in our example, how certain can you be that the next 
family will have close to the typical number of children.  
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Fundamental Measures of Centrality 
One characteristic of a set of numbers is the middle point of the data.  This can be calculated in a 
couple of different ways: 
 

The Mean is calculated by adding all the numbers and dividing by the number of values. 
 
The Median is the middle value of the numbers listed in rank order.  If there is an even number 
of values, the median is the mean of the middle two numbers.  
 
The Mode is the most frequent value in a set of data.  

 
Shape of the Data Set 
Plotting data that we have may give insight into a characteristic of the data known as shape.  
 

Data with a Normal shape will have the same mean and median.  In the normal case, data will be 
balanced around the middle. 

 
Data might be Skewed either to the right (positive, with the low “tail” pointing to the right) or 
left (negative, with the low “tail” pointing to the left).  In skewed data, a small number of 
extremely high or low values caused the mean to be either higher or lower than the median.  
When graphed, this produces a tail of data to the right or left.  

 
Data distribution may be Bi-Modal or Multi-Modal.  These means that there is more than one 
cluster of occurrences of data values along the continuum that when graphed appears as multiple 
peaks of data. When analyzing shape, a “bi-modal” or “multi-modal” shape does not necessarily 
mean the data set includes exactly two (or more) “modes;” but rather, that the shape of the data 
appears to have two (or more) “humps,” which indicates data elements are clustered near two (or 
more) general values.  When referring to the shape or distribution of data, bi-modal or multi-
modal does not mean there are repeats of the same numbers in the data set, but rather there are 
more than one “clusters” of data points. 

 
Spread of the data is generally concerned with the range from low to high value and can give 
indication to the expected extent of the values possible.  

 
Data Trends can also be determined.  Trends result when a separate influence or variable is 
determined to influence data.  Once the relationship between this separate variable and the data 
set of interest is established, knowing the value of the separate variable will help determine 
characteristics of the data set.  

 
As a contracting professional, you should become familiar with the types of scenarios that will be 
worked in class, as each one describes a unique aspect of data analysis in terms of Center, Shape, 
Spread, and Trend. 
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• Scenario #5 Revisited: 

• Recall what we said about a trend
– Will an independent variable help explain variation (spread)
– Size, Performance

• Would considering whether a trend is at play perhaps help with Scenario #5?
• Can you think of some size, quantity, or performance attributes of radios that might 

help explain variations in price?
• But, weren’t those considerations already incorporated when we collected and 

normalized the data?
– What was the data normalized (adjusted) for anyway?

• Using whatever you came up with as a possible size, quantity, or performance 
attribute you came up with - what relationship do you think it has to price?
– As your attribute increases, would you expect the price to increase or 

decrease?
• Using the graph below where Price has already been labeled as your vertical axis, 

label the horizontal axis with the size, quantity, or performance attribute you 
selected and draw the relationship freehand on the graph.

Is there a  Trend?
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Lesson 4 --  ELO 2.03  Given a set of data calculate the Net Present Value of the 
given data. 
 

   
 

Introduction 
In this lesson you will analyze a set of cash flow data, and calculate the Net Present Value.  First, 
you will learn about the foundational concept of the time value of money.  Then, the lesson presents 
the process for calculating present value, and concludes with calculating Net Present Value. 
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Time Value of Money   
To introduce the Time Value of Money concept, imagine putting $1 in a savings account for one 
year, at an interest rate of 5%.  How would we calculate the future value of the $1 at the end of the 
year? 
 

 
 
Example:  With the same process and formulas provided on the slide above, you can see how you 
would calculate the future value of $150 after 3 years at 5% interest. (Notice:  the PV is $150, i = .05, 
and t = 3). 
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From Time Value of Money to Present Value Analysis 
Next, based on the time value of money concept, we can compare the present value of future cash 
flows.  This is accomplished through present value analysis. The example that follows is also 
included in the Contract Pricing Reference Guides, Vol 2, Chapter 9.  
 
Consider a car dealer that offers to sell you a car for $21,000 cash, or offers “free financing” for 
$21,000 due in 1 year.  Which is a more attractive offer?  Certainly, you’d prefer to pay the $21,000 
later, so you could invest the money for 1 year and earn interest. 
 
Then, to persuade you to “drive a car home today,” he offers to sell you the car for $20,000 cash on 
delivery (now), or sell it for $21,000 if you pay the entire amount 1 year from now, with his special 
5% financing.  Which deal is best?  To find out, we must calculate and compare the present value of 
each alternative. 
 

• The offer to pay $20,000 now has a present value (PV) of $20,000, since it will be paid 
“now.” 

 
 

• The other offer has a future value of $21,000.  What is its PV? 
To calculate the PV, use the same formula as we used in the earlier examples: 

 
FV  =  PV   ×   (1 + i) t 

 
In this example, we have the future value of $21,000, and we are trying to calculate the present 
value (PV).  Therefore, we manipulate the equation as follows: 

 
PV  =  FV / (1 + i) t   which is the same as: PV  =  FV  ×  [ 1  /  (1 + i) t ] 

 
To calculate the present value, insert the values as follows 

- The “future value” of the payment, FV, is $21,000 
- The “interest rate” at which we would borrow money, i, is 5% 
- The timeframe we would borrow the money, t, is 1 year. 

 
Finally, insert the values in to the PV equation, and solve for PV: 

 
PV  =  $21,000   ×  [  1  /  (1 + .05) 1yr ] 
PV  =  $21,000   ×  [  1  /  1.05 ] 
PV  =  $20,000 

 
Therefore, by comparing the present values of each offer, we see these two pricing arrangements are 
essentially identical. They both have the same “present value” of $20,000. 
 
 
Now, we will work an example of calculating the present value of a future payment. 
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Example: On the slide below, notice how you would calculate the present value of a future cash 
outflow.  If the interest rate is 4%, you could figure out the present value of $300 to be paid 3 years 
from today.  (Rounded to the nearest dollar).   

 
 
Net Present Value Analysis 
With an understanding of present value analysis, it is time to learn Net Present Value analysis, or 
NPV. 
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As we learn Net Present Value (NPV), recognize the terms PV and NPV are sometimes used 
synonymously; however, it is important to recognize NPV analysis includes calculating the PV of 
both cash inflows and cash outflows—thus, the term “net” present value.  To calculate NPV, figure 
out the present value of a cash outflow, then add the present value of the cash inflow.    
 
 
Example : You pay $10,000 to purchase (cash outflow) a car now, with a plan to sell the car (cash 
inflow) after 2 years for $3,000.  The interest rate is 4%. Given this situation where there are both 
cash inflows and cash outflows, see how you would calculate the NPV, as shown on the slide below.  
 
 

 
 

 
 
In conducting NPV calculations for Government acquisitions, there are two key factors we must 
consider:  the interest rate (generally called a “discount rate” for NPV) and the timeframe of the 
scenario.  As we have already seen, these variables are represented by “i” and “t”. 
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How to Select the  “i”  and  “t”  values for NPV in DoD Acquisitions 
Per FAR 32.205(c), select from rates provided by the Office of Management and Budget:  OMB 
Circular A-94 Appendix C.  OMB rates reflect standard assumptions regarding inflation and cost of 
borrowing money, and provide consistency in analysis throughout Federal Govt.  Discount rates are 
posted on the OMB website: http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c.  
 
Per FAR 32.205(c)(4), use the nominal discount rate.  The nominal interest rate reflects the real 
inflation rate plus a risk factor associated with normal lending.  We use the nominal rate because it 
more closely reflects the business environment where contractors borrow and repay money in the 
course of doing business.  Contractors commonly refer to this as their “weighted average cost of 
capital.” The “real” interest rate accounts for the effect of inflation on an investment, and therefore 
indicates the growth rate of purchasing power earned from an investment.  For example, if you earn 
5% in one year, but the inflation rate is 3.5%, the “real” interest rate earned is 1.5%. 
 
Remember:  in conducting NPV analysis, select the discount rate based on maximum timeframe for 
“t” in scenario.  If the maximum timeframe is less than or equal to 3 years, use the 3 year nominal 
rate.  If the maximum t-value is beyond 3 years, FAR 32.205(c)(4) gives guidance:  “Where the 
period of proposed financing does not match the periods in the OMB Circular, the interest rate for 
the period closest to the finance period shall be used.” 
 
 

 
 

The following slide presents a comparison of the Real Discount Rate and the Nominal Discount 
Rate.  Notice, the nominal discount rates are positive for all years.  However, in 2014, the three 
shortest- term real discount rates are actually negative!  As described in the slide above, a negative 
real discount rate indicates the expected inflation rate will be higher than the nominal interest rate. 
 
Per FAR 32.205(c)(4), we will use the nominal discount rate in our NPV assessments. 
 

http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c
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Simplifying the NPV calculation.   
With an understanding of each element in the NPV equation, we can simplify our calculations as 
shown in the 2 following slides.  The first slide explains how to simplify the PV equation by 
substituting the expression “[1  /  (1  +  i) t ]” with an element called the “Discount Factor,” or DF.   
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We can simplify our arithmetic by plugging DF value from the next slide.  For example, if our NPV 
scenario included a maximum timeframe of 3 years, and the current discount rate is .5%, we can 
simply select the appropriate Discount Factor from the table below:  .9851.   
 

 
 
At this point, we have learned all the elements for calculating a Net Present Value problem as DoD 
buyers.  Because NPV analysis generally requires calculations of cash inflows and outflows over 
several time periods, CON 170 NPV problems will be presented using tables like the one in the 
example below.   
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Exercise 1.  Using the table below, solve the following NPV problem.  You are 
considering the purchase of a vehicle now for $10,000.  You will sell it in 2 years for $3,000.  
Assume you will use the discount rate as published by OMB Circular A-94 (20 Jan 2013, previous 
slide).  What is the NPV of this arrangement? 
 

 
 

For additional assistance, solve the NPV problem one step at a time by filling in the blanks below, 
and then using that information in the table provided above: 
 

• Step 1:  Identify the timeframes and amounts of the cash flows: 
- First, the $10,000 payment, with t = 0 since it is at the present time. 
- Next, the sale of the vehicle means a $3,000 cash inflow 2 years after the 

purchase; therefore, t = ___          
 
 

• Step 2:  Identify the correct discount rates:  
- Determine the maximum timeframe for this scenario--2 years.  Therefore, we 

will use the information under the “3-year Scenario” columns in the Discount 
Factor Table. 

- Therefore, our discount rate will be  _____%   for all cash flows in this 
scenario. 
 

• Step 3:  Identify the correct Discount Factor, per the Discount Factor Table 
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- For the $10,000 payment:   under the “3 year Scenario Length” data, at t = 0, 
the discount rate is ____%.  Per the Discount Factor Table, the DF is 
_______ 

- For the $3,000 sale:  under the “3 year Scenario Length” data, at t = ___  , 
the discount rate is ____%.  Per the Discount Factor Table, the DF is  
______ 
 

 

• Step 4:  Calculate the PVs of each cash flow (CF × DF), and sum them to find the NPV. 
- For the $10,000 payment:   

_____________x_________________=______________ 
- For the $3,000 sale:  

_____________x_________________=______________ 
- Take special care to use negative numbers for cash outflows, such as 

payments (placed in parentheses), and positive numbers for cash inflows, such 
as sales income (not placed in parentheses). 

- The sum of the PVs is __________________, which is the NPV. 
 

• Step 5:  When evaluating two or more pricing arrangements, compare each, and determine 
which NPV offers the best value. 
 

 
Now that we are familiar with fundamental concepts of net present value, we will complete several 
real-world problems using net present value analysis, using the 5-step process stated above. 
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Exercise 2. Solve the following NPV problem.  Consider the following scenario where 
DCAA, DCMA, and a PCO are analyzing the area of deferred compensation:  
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For additional assistance, solve the NPV problem one step at a time by filling in the blanks below, 
and then using that information in the table provided above: 
 

• Step 1:  Identify the timeframes and amounts of the cash flows: 
- The $5,000 payment, will not be made for 2 years.  Therefore, t = ___. 

 
• Step 2:  Identify the correct discount rates:  

- The maximum timeframe for this scenario--2 years.  Therefore, we will use 
the information under the “3-year Scenario” columns in the Discount Factor 
Table. 

- Therefore, our discount rate will be ____% for all cash flows in this 
scenario. 
 

• Step 3:  Identify the correct Discount Factor, per the Discount Factor Table 
- For the $5,000 payment:   under the “3 year Scenario Length” data, at t = 

___, the discount rate is ____%.  Per the Discount Factor Table, the DF is 
______ 

 
• Step 4:  Calculate the PVs of each cash flow (CF × DF), and sum them to find the NPV. 

- For the $5,000 payment:  ($5,000)    ×   ______    =    _________ 
- In this scenario, we only have one cash flow.  Therefore, the sum of all the 

PVs is _________, which is the NPV. 
 

• Step 5:  When evaluating two or more pricing arrangements, compare each, and determine 
which NPV offers the best value.  (not applicable for this scenario) 
 
 

So, based on the NPV calculations above, to comply with CAS 415, even though the award is for 
$5,000, the company must assign  $_______   as a 2012 expense. 
 
 To pay for Mr. Smith’s award, the company will invest   $_______  at the end of December 
2012, in order to pay Mr. Smith $5,000 at the end of December in 2014. Essentially, Mr. Smith 
could consider a payment of  $_______    at the end of 2012 essentially equal to a payment of $5,000 
at the end of 2014. 
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Exercise 3.  Solve the following NPV problem. In this example, you will examine two 
different proposals and compare their NPVs.  This example introduces how we must calculate NPV 
with either “end of year” Discount Factors, or “mid-year” Discount Factors.  In addition, this 
example illustrates how two proposals with the same face value can have different NPVs based on 
the timing of cash flows. 

 

 
 

In this scenario, we will calculate the NPVs of each offer, and then compare them.  Before beginning 
our 5-step process, notice the differences in the proposed cash flows.  Contractor A proposes one 
payment each year at the beginning of each year, for a total of 3 payments.  Contractor B proposes 
one payment each month for 3 years, for a total of 36 payments. 
 
These different cash flow schedules proposed by Contractors A and B introduce us to “end of year” 
and “mid-year” Discount Factors.  The slide below graphically depicts the cash flow of Contractor A 
compared to Contractor B.  From what we have learned so far, would you prefer a payment schedule 
where you received the entire amount at the beginning of the year, or would monthly payments be 
more advantageous?   
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For Contractor A, each of the cash flows (payments) is made at the beginning of each year.  When 
a cash flow is made at the very beginning (or the very end) of a year, “t” is equal to a whole number.  
The Discount Factors that accompany such “t” values are known as “end of year” Discount Factors.  
The chart below is based upon the Contract Pricing Reference Guide, Vol 2, Chapter 9, and explains 
when to use “end of year” Discount Factors in solving NPV problems. 
 

 
 
As the chart indicates, analysts should use “end of year” Discount Factors when cash flows occur 
annually, at the beginning or end of each year.   
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In examining Contractor A’s proposed cash flow of 3 annual payments, it is appropriate to use “end 
of year” Discount Factors. Contractor A’s proposed cash flow is 3 annual payments, at t = 0, t = 1, 
and t = 2.  The chart below highlights the “end of year” Discount Factors in our Discount Factor 
Table.  Notice, the “t” values which are whole numbers have “end of year” Discount Factors.  
Therefore, to calculate the PV of Contractor A’s payments, we would use the 3 “end of year” 
Discount Factors highlighted in the slide below. 

 
 
But let’s take a look at those circumstances that may call for the use of “mid-year” factors. The 
CPRG Vol 2, Chapter 9, introduces the “mid-year” Discount Factors for solving NPV problems. 
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In the chart above: 
 The initial period (when t = 0) includes 12 monthly payments.  Rather than sum the present 
values of each of the 12 payments, where t would equal 0, then 1/12, then 2/12, then 3/12…all the 
way to 11/12, we can simply calculate the present value of the entire year’s cash flows using the 
“mid-year” t-value of .5.  From the Discount Factor Table below, this would equate to a “mid-year” 
DF of .9975. 
 
 The next period in the chart above (when t = 1) includes 1 payment every 4 months, which 
equates to 3 payments in the year.  Rather than sum the present values of each of the 3 payments, 
where t would equal 1, then 4/12, then 8/12, we can simply calculate the present value of the entire 
year’s cash flows using the “mid-year” t-value between t = 1 and t = 2, which is t = 1.5.  From the 
Discount Factor Table below, this would equate to a “mid-year” DF of .9925. 
 
 The final period in the chart above (when t = 2) includes 1 payment at the 6 month point.  In 
this case, simply calculate the present value of the year’s cash flow by using the t-value halfway 
between t = 2 and t = 3, which is t = 2.5.  From the Discount Factor Table below, this equates to a 
“mid-year” DF of .9876. 
 
As the chart indicates, analysts should use “mid-year” Discount Factors when an offeror proposes 
consecutive monthly, consecutive quarterly, or even mid-year payments.  The “mid-year” Discount 
Factors enable us to calculate the present value of consecutive monthly payments, quarterly 
payments, and a single payment in the middle of a year with a single calculation, using a “t” value 
that ends in “.5”.   
 
Now consider the cash flows for Contractor B’s offer.  With proposed cash flow of 36 monthly 
payments, should we execute 36 calculations to determine the PV of each payment?  Though some 
members of the pricing career field may enjoy doing so, there is an even simpler approach.   
 
In examining Contractor B’s proposed cash flow of 36 consecutive monthly payments, it is 
appropriate to use “mid-year” Discount Factors; but, do we have to use the “mid-year” factors and 
make 36 calculations?  Thankfully, no.  The “mid-year” Discount Factors enable us to calculate the 
PV of the 12 monthly payments in a year with a single calculation.  Thus, for Contractor B’s 
proposed monthly cash flow over 3 years, we can calculate the PV with 3 calculations (not 36), using 
the “t” value for each year from the OMB Discount Factor Table:  t = .5, t = 1.5, and t = 2.5. 
 
The next chart highlights the “mid-year” Discount Factors in our OMB Discount Factor Table.  
Notice, the “t” values for the “mid-year” Discount Factors end in “.5”.  To calculate the PV of 
Contractor B’s payments, we would use the 3 “mid-year” Discount Factors highlighted on the 
following slide.  
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With this understanding of “end of year” and “mid-year” Discount Factors, we are ready to calculate 
the NPV of each offeror, and determine which is most advantageous to the Government. We will use 
the 5 step process to help with these two scenarios. Begin with Contractor A: 
 

• Step 1:  Identify the timeframes and amounts of the cash flows: 
- Assess if “end of year” or “mid-year” factors are appropriate - in this case, we 

have payments at the beginning of each year, for 3 consecutive years. 
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- ________________ Discount Factors are appropriate. 
- A $1,200 payment, is made upon award.  Therefore, t = ___ 
- Another $1,200 payment is made one year later.  Therefore, t = ___ 
- A final $1,200 payment is made one year after that.  Therefore, t = ___ 

 
• Step 2:  Identify the correct discount rates:  

- The maximum timeframe for this scenario--3 years.  Therefore, we will use 
the information under the “___-year Scenario” columns in the Discount 
Factor Table. 

- Therefore, our discount rate will be ____% for all cash flows in this scenario. 
 

• Step 3:  Identify the correct Discount Factor, per the Discount Factor Table 
- First payment of $1,200, at the t & discount rate above, DF is _______ 
- Next payment of $1,200, at the t & discount rate above, DF is ______ 
- Final payment of $1,200, at the t & discount rate above, DF is ______ 

 
• Step 4:  Calculate the PVs of each cash flow (CF × DF), and sum them to find the NPV. 

- Calculate the PV of each of the three $1,200 payments in the table 
- The sum of all three PVs is ____________, which is the NPV. 

 

 
 

• Step 5:  When evaluating two or more pricing arrangements, compare each, and determine 
which NPV offers the best value.  Before doing so, we must calculate the NPV of 
Contractor B’s offer. 
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Now, execute the 5-step process for Offeror B. 
• Step 1:  Identify the timeframes and amounts of the cash flows: 

- Assess if “end of year” or “mid-year” factors are appropriate:  in this case, we 
have payments at the beginning of each month, every month, for 3 
consecutive years – 36 monthly payments. 
 

 
 

- _______________ Discount Factors are appropriate. 
- Thus, the 12 $100 monthly payments in the base year will be calculated as a 

single cash flow at  t =____ 
- The 12 $100 monthly payments in the next year will be calculated as a single 

cash flow using  t = ____ 
- The 12 $100 monthly payments in the final year will be calculated as a single, 

$1,200 cash outflow using  t =____ 
 

• Step 2:  Identify the correct discount rates:  
- The maximum timeframe for this scenario--3 years.  Therefore, we will use 

the information under the “___-year Scenario” columns in the Discount 
Factor Table. Therefore, our discount rate will be ____% for all cash flows in 
this scenario. 
 

• Step 3:  Identify the correct Discount Factor, per the Discount Factor Table 
- First year’s payments of $1,200, at the t & discount rate above, DF is  ____ 
- Next year’s payments of $1,200, at the t & discount rate above, DF is _____ 
- Final year’s payments of $1,200, at the t & discount rate above, DF is _____ 
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• Step 4:  Calculate the PVs of each cash flow (CF × DF), and sum them to find the NPV. 
- Calculate the PV of each of the three $1,200 payments in the table 
- The sum of all three PVs is __________, which is the NPV. 

 
 

• Step 5:  When evaluating two or more pricing arrangements, compare each, and determine 
which NPV offers the best value.  With NPVs for both offerors, compare and select the 
best value.  With all other terms being equal, the lowest NPV, which is the smallest cash 
outflow, is the best value. 
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Net Present Value – In Class Exercise 
 
Instructions: Complete the In Class Exercise below and answer the questions that follow. 
 
Consider a scenario where two offerors have submitted proposals for the same requirement: 
 

• Offeror A proposes a lease, with payments of $9,000 at the beginning of each year for 
3 years, beginning at contract award, for a total of $27,000. 

• Offeror B proposes a vehicle purchase for $27,000 due at contract award, with a re-
sale of $2,500 at the end of the third year. 
 

Determine which is the best offer for the Government based on Net Present Value Analysis. 
(Remember the 5-step process, also considering “end of year” vs. “mid-year” Discount Factors) 
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Additional Discussion: In reviewing Offeror B’s purchase strategy, how would you handle an 
additional “tune-up” maintenance cost of $2,500 after the second year (in the 25th month)?   
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What if both offers included this maintenance cash outflow at the end of the second year? Or what if 
both offers required your customer to build a $3,500 covered parking place for the vehicle before 
contract award? Keep in mind that there would be no need to include costs that are identical for both 
alternatives. They would be an example of a “fixed” or “sunk” cost, which is the same for both 
alternatives.   
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Net Present Value Practice Problem (answers provided at the end of the lesson) 
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Net Present Value Practice Problem Solution 
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Lesson 5 --  ELO 2.04  Given Market Research data calculate and identify 
reasonable Cost Estimating Relationships. 
 

 
 
Introduction  
The CPRG, Volume 2, Chapter 4, Paragraph 4.0 defines a Cost Estimating Relationship as  “a 
technique used to estimate a particular cost or price by using an established relationship with an 
independent variable. If you can identify an independent variable (driver) that demonstrates a 
measurable relationship with contract cost or price, you can develop a CER.” . Some CERs are 
simple ratios, such as comparing the ratio of “dollars per square foot” on a previous painting project 
to estimate the price of a future one.  These simple ratios are often called “rules of thumb,” for they 
become common methods for estimating prices.  Other CERs are more complex, such as linear or 
curvilinear equations which predict the relationship between a production quantity and total price.  
This lesson explores how fundamental CER ratios can help us estimate future prices.  The last two 
lessons of Unit 2 explore the use of linear equations as CERs to help us estimate future prices. 
 
 
What does the FAR say about “CERs”? 
As stated in the following excerpt from FAR 15.404-1(b)(2), price analysists may use parametric 
estimating methods as tools for both commercial and noncommercial items, in order to ensure a fair 
and reasonable price.   
 

(2) The Government may use various price analysis techniques and procedures to ensure a 
fair and reasonable price. Examples of such techniques include, but are not limited to the 
following: 
 
   (iii) Use of parametric estimating methods/application of rough yardsticks (such as dollars 
per pound or per horsepower, or other units) to highlight significant inconsistencies that 
warrant additional pricing inquiry. 
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Cost Estimating Relationships (CERs) are a type of parametric estimating method, which are used to 
estimate prices of future purchases, based upon a comparison of prices or key parameters from 
historical purchases.  To introduce CERs, consider the following example. 
 
An Example of Developing and Using a CER 
Assume the Navy intended to upgrade the software in a destroyer fleets’ fire control system, and that 
this type of upgrade had not been done before on a destroyer.  With no historical data on software 
upgrades for destroyers, the Navy team would compare fire control system software upgrades on 
similar ships, such as cruisers.  By studying software upgrades for cruisers, the Navy team would 
realize “lines of code” (LOC) is a critical price driver, or “independent variable,” for software 
systems on cruisers.  Although destroyers are different than cruisers, the Navy team could still 
establish a basis for estimating the price of the destroyer system upgrade by establishing a CER with 
the cruiser system.  With the data below, how could you estimate the price of the destroyer’s 
software upgrade? 
 

4 years ago Cruiser System AA  800,000  LOC  $8,000,000 
2 years ago Cruiser System BB  1,000,000  LOC $9,500,000 
 
Today  Destroyer System DD  1,200,000  LOC (estimate)    $ ____?____ 
 

You could calculate an estimate for Cruiser System AA of $10 per LOC ($8,000,000 / 800,000  
LOC) and for Cruiser System BB of $9.50 per LOC ($9,500,000  / 1,000,000  LOC).  
 
Based on the two cruiser systems, the Navy confirmed LOC is an independent variable for upgrading 
software systems, which drives the dependent variable, “price.” Through market research and 
historical data, the Navy calculated a CER which indicates future software upgrades on a destroyer 
will cost between $9.50 and $10.00 per LOC, and estimated a total price between $11,400,000 and 
$12,000,000. 
 
By this CER, or “rule of thumb” for estimating software upgrades on Navy cruisers, we would 
estimate the price of an upgrade on a destroyer with roughly 750,000 lines of code as follows: 

 
Somewhere between $7.125 and $7.5M 

   750,000  LOC  ×  $9.50  =  $7,125,000 
   750,000  LOC  ×  $10.00  =  $7,500,000 
  
But what other factors might you consider to build confidence in this price estimate? You must be 
sure to index the CERs to account for time passing.  At a minimum, they should be adjusted for 
inflation.  Even better would be to find a software development index, which would account for 
inflation as well as other factors unique to the software development markets. 

 
You must also understand how similar the cruisers’ fire control systems are to the system we are 
upgrading on the destroyers.  The more similar, the more confidence we have that these CERs are 
giving us a comparable price estimate.  The less similarity, the more we would have to recognize a 
wider range of variation between our estimate and a reasonable future price. 

 
Next, consider the possibility that we estimated our destroyer project to be closer to 3 million LOC. 
Does this pose a problem or cause for concern? It might - We should continue to search for historical 
projects which required more LOC, closer to the 3 million.  These two examples may still provide a 
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rough idea of the $/LOC; however, we would have more confidence in the estimate if the CERs were 
based on LOC closer to 3 million. 
 
Finally, we must be sure we know as much as we can about the historical acquisitions, such as: 

- Are we certain the historical price was fair and reasonable? Particularly important 
if the data was provided by the contractor, and to understand the competitive 
environment at the time.  

- Did the historical acquisition face urgent timelines, many changes, surged 
operations? All of which would drive the price up.  

- Do we have an adequate number of historical data points? The more data points, 
the more confidence we have that our estimate is within a reasonable range. 

 
This example, as well as the CPRG reference reveal that pricing with CERs requires us to know the 
independent variables for every requirement.  Independent variables are typically the cost or 
performance “drivers,” which significantly influence the performance and/or price of the 
procurement.  Consider the following categories of products or services with examples of their 
independent variables, as well as examples of possible CERs. 
 

Product or Service Independent Variable Possible CERs 

Construction Floor space, square 
footage, surface area, wall 
surface 

$ per square foot, $ per floor 

Roofing Square yards, pitch/slope of 
roof 

$ per square yard (likely with an 
adjustment for the pitch/slope of the 
roof) 

Shipping/Delivery Distance, weight, hostility in 
place of delivery 

$ per mile, $ per pound per mile (likely 
with adjustments for delivery in foreign 
or hostile areas) 

Reciprocating Engines 
(gasoline, automobile, 
tractor, generator) 

Horsepower, piston 
displacement, dry weight, 
compression ratio,  

$ per horsepower, $ per cubic inch 
(caution: with a wide range of such 
engines, take care to build CERs from 
other engines of similar size, weight, 
compression ratios, horsepower) 

Turbine Engines Maximum thrust, cruise thrust, 
by-pass ratio, fuel 
consumption, dry weight, inlet 
temperature 

$ per pound of max thrust, $ per pound 
of cruise thrust (caution: with a wide 
range of such engines, take care to 
build CERs from other engines of 
similar key parameters, such as thrust, 
size, weight, by-pass ratios) 

Aircraft Empty weight, max speed, load 
(passengers, ordnance, cargo), 
range, wing area, landing 
speed 

$ per pound of capacity 

Sheet metal Net weight, square inches, 
square feet, scrap rate, 
number of holes drilled, 

$ per pound, $ per square inch 
(including a factor for scrap) 
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number of rivets placed, 
inches of welding 

Security service Number of entry control 
points, number of hours, 
number of guards required, 
hostility of environment 
(shopping mall vs 
forward/deployed location) 

$ per hour, $ per entry control point 
(caution: ensure CERs are developed by 
comparing comparable environments) 

 
 
Steps for Developing a Cost Estimating Relationship 
As we saw from the previous example, there can be several possible CERs for estimating a future 
price of products and services.  Now we will learn how to pick the best CER.  Strictly speaking, a 
CER is not a quantitative technique.  Rather, CERs are a framework for using appropriate 
quantitative techniques to quantify a relationship between an independent variable and contract cost 
or price.  In a sense, CERs are relationships we can use to compare prices of similar items, then 
estimate prices of similar items when it is not possible to compare the same items.  In developing 
CERs, the CPRG recommends the following six step process: 
 
 

 
 
 

Step 1. Define the dependent variable (e.g., cost dollars, hours, and so forth) Define what 
the CER will estimate. Will the CER be used to estimate price, cost dollars, labor hours, material 
cost, or some other measure of cost? Will the CER be used to estimate total product cost or estimate 
the cost of one or more components? The better the definition of the dependent variable, the easier it 
will be to gather comparable data for CER development.  
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Step 2. Select independent variables to be tested for developing estimates of the 
dependent variable. In selecting potential independent variables for CER development:  
 

• Draw on personnel experience, the experience of others, and published sources of 
information. When developing a CER for a new state-of-the-art item, consult experts 
experienced with the appropriate technology and production methods.  

 
• Consider the following factors:  

- Variables should be quantitatively measurable. Parameters such as 
maintainability are difficult to use in estimating because they are difficult to 
measure quantitatively.  

- Data availability is also important. If you cannot obtain historical data, it will be 
impossible to analyze and use the variable as a predictive tool. For example, an 
independent variable such as physical dimensions or parts count would be of 
little value during the conceptual phase of system development when the values 
of the independent variables are not known. Be especially wary of any CER 
based on 2 or 3 data observations.  

- If there is a choice between developing a CER based on performance or 
physical characteristics, performance characteristics are generally the better 
choice, because performance characteristics are usually known before design 
characteristics.  

 
Step 3. Collect data concerning the relationship between the dependent and 

independent variables. Collecting data is usually the most difficult and time-consuming element of 
CER development. It is essential that all data be checked and double checked to ensure that all 
observations are relevant, comparable, and relatively free of unusual costs.  
 

Step 4. Explore the relationship between the dependent and independent variables. 
During this step, you must determine the strength of the relationship between the independent and 
dependent variables. This phase of CER development can involve a variety of analytical techniques 
from simple graphic analysis to complex mathematical analysis. Simple ratio analysis, moving 
averages, and linear regression are some of the more commonly used quantitative techniques used in 
analysis.  
 

Step 5. Select the relationship that best predicts the dependent variable. After exploring 
a variety of CERs, select the CER with the least amount of variation among several data points 
between the independent and dependent variables. 
 

Step 6. Document your findings. CER documentation is essential to permit others involved 
in the estimating process to trace the steps involved in developing the relationship. Documentation 
should involve the independent variables tested, the data gathered, sources of data, time period of the 
data, and any adjustments made to the data. 
 
Now, considering this lesson, and the CPRG Volume 2, Chapter 4, Sections 4.0 through 4.4, 
consider two examples: 
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Exercise 1.  Which of the following CERs would be best to use to estimate a reasonable price for 
buying a residential house:  $ per Bedroom, $ per Acre, or $ per Square Foot? 
 

Step 1. Define the dependent variable.   
 

Step 2. Select independent variables to be tested for developing estimates of the dependent 
variable.  (In this problem, based on Market Research, the independent variables are given: 
$/Bedroom, $/Acre, and $/Sq Ft).   

 
 
 
Step 3. Collect data concerning the relationship between the dependent and independent 

variables.  See following table of Market Research Data. 
 
Market Research Data: 
 

House Price #BR $ / BR Acres $ / Acre Sq ft $ / Sq ft 

1 $350K 4  .5  3500  

2 $297K 3  2  3000  

3 $409K 4  .5  3900  

4 $307K 3  1  3200  

5 $303K 4  5  3000  

6 $306K 3  .5  3100  

Range        

Avg        

Range/ 
Avg 

       

 
 

Step 4. Explore the relationship between the dependent and independent variables.  
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Step 5.  Select the relationship that best predicts the dependent variable.   
 
 
 
 
Step 6.  Document your findings.   

 
 
The following graphs depict another method for determining the variance in a CER.  Analyzing 
these graphs is optional in CON 170, but provides insight into tools and analysis to be learned in 
CON 270.  The graphs plot the independent variable on the x-axis (number of bedrooms, number of 
acres, and number of square feet), and the dependent variable (price) on the y-axis.  The graph also 
includes the “trendline,” which is the line that represents the best fit of the general trend of the data 
points.  Looking at the graphs, which appears to have the most linear trend, where all the data points 
fall on or near a straight line?  The “$ per square feet” line presents the most linear trend.  Thus, we 
would expect “$ per square feet” to yield the most accurate prediction of future prices of residential 
homes.   
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Exercise 2:  Given the following data regarding Security Guard Services, what would be a 
reasonable CER for buying security guard services? 
 

Step 1. Define the dependent variable.   
Step 2. Select independent variables to be tested for developing estimates of the dependent 

variable.    
 

Step 3. Collect data concerning the relationship between the dependent and independent 
variables.  See following table of Market Research Data. 
 

Market Research Data: 
Contract Price Gates $ per Gate Hours $ per hr 

1 $2,080,000 6  208,000  

2 $1,575,000 1  150,000  

3 $3,800,000 10  400,000  

Range      

Avg      

Range/Avg      

 
Step 4. Explore the relationship between the dependent and independent variables.   

 
 
 
 
 

Step 5.  Select the CER that best predicts the dependent variable.   
 
 
 
 
 

Step 6. How would you document your findings?   
 
As with Exercise 1, the following graphs depict another method for determining the variance in a 
CER.  Analyzing these graphs is optional in CON 170, but provides insight into tools and analysis to 
be learned in CON 270. The graphs plot the independent variable on the x-axis ($/Gates and $/hour), 
with the dependent variable (price) on the y-axis.  The graph also includes the “trendline,” which is 
the line that represents the best fit of the general trend of the data points.  Which of the two graphs 
appears to present the most linear trend, where all the data points fall on or near a straight line?  The 
“$ per hour” line presents the most linear trend.  Thus, we would expect “$ per hour” to yield the 
most accurate prediction of future prices for security services.   
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Advantages to Using CERs 
Versatility.  If the data are available, parametric relationships can be derived at any level, 

whether system or subsystem component.  As the design changes, CERs can be quickly modified 
and used to answer “what-if” questions about design alternatives. 
 

Sensitivity.  Simply varying input parameters and recording the resulting changes in cost can 
produce a sensitivity analysis. 
 

Statistical output. Parametric relationships derived from statistical analysis generally have 
both objective measures of validity (statistical significance of each estimated coefficient and of the 
model as a whole) and a calculated standard error that can be used in risk analysis. This information 
can be used to provide a confidence level for the estimate, based on the CER’s predictive capability. 
 

Objectivity.  CERs rely on historical data that provide objective results. This increases the 
estimate’s defensibility. 

 
 

Disadvantages of Using CERs 
Database requirements. The historical data and database must be consistent and reliable. It 

may be time consuming to normalize the data or to ensure that the data were normalized correctly 
(with respect to time, performance parameters, key terms of the acquisition), especially if someone 
outside the estimator’s team developed the CER. Without understanding how the data were 
normalized, the analyst has to accept the database on faith—sometimes called the “black-box 
syndrome,” in which the analyst simply plugs in numbers and unquestioningly accepts the results.  
Using a CER in this manner increases the estimate’s risk of producing a faulty estimate. 
 

Relevance.  Using data outside the CER range may cause errors, because the CER loses its 
predictive ability for data outside the development range. 
 

Complexity.  Complicated CERs (such as nonlinear CERs) may make it difficult for others 
to readily understand the relationship between cost and its independent variables. 
 
 
Additional Guidance and Points to Consider 

• Some CERs may be simple, linear ratios, while others may be more complex, non-linear 
relationships. 

 
• The CPRG cautions buyers to beware of data samples of only 2 or 3 data observations 

(Vol 2 Ch 4, Para 4.0, Step 2).  In such cases, you may not have enough information to 
validate the usefulness of a CER, and should pursue additional data points, as well as 
expert advice. 

 
• When developing CERs, do other subject matter experts agree that your independent 

variables are drivers? 
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Conclusion 
After completing these exercises, you have learned to use market research data to identify, calculate, 
and analyze the relationship(s) between variables for possible use as Cost Estimating Relationships.  
It is important to identify independent variables, which are the “drivers” of performance and price.  
It is also important to understand that some CERs are simple ratios, which are often considered 
“rules of thumb,” for developing price estimates.  Finally, understanding how to select the best CER 
among several possible ones by seeking the CER with the least amount of variation between the 
independent and dependent variables will help to provide you with better estimates as you attempt to 
price and evaluate pricing for contracting efforts. 
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Lesson 6  --   
ELO 2.05  Through Cost-Volume Analysis, recognize the nature of fixed, 
variable, semi-variable and total costs, and develop a price estimate. 

 
ELO 2.06  Through Cost-Volume Analysis, determine a proposed price to 
be rational or irrational with respect to a “buy-in” seller strategy.  

 

 
 

 
Introduction 
When you acquire supplies or services, you generally expect to pay a lower price per unit as the 
purchase quantity increases.  You expect contractors to have lower costs per unit as production 
quantity increases.  This general expectation remains the same whether you are buying items 
specifically built for the Government, or items that are mass-produced for a variety of commercial 
and Government customers.  Cost-volume analysis can be used to analyze the natural relationship 
between cost and volume in pricing decisions. 
 
Background and Assumptions 
In cost-volume analysis, you consider only short-term operations.  The short term may be defined as 
a period too short to permit facilities expansion or contraction, or other changes that might affect 
overall pricing relationships. 
 
The CVA technique also assumes use of a straight line relationship (not curvilinear) between cost 
and volume.  While actual price behavior may not follow a straight line, its use can closely 
approximate actual cost behavior in the short run.  If purchase volume moves outside the relevant 
range of the available data, the straight-line assumption and the accuracy of estimates becomes 
questionable. 
 
Finally, the CVA technique assumes the terms “cost” and “price” are the same.  The “cost” data 
points in CVA could refer to either “prices” discovered through market research, or could refer to 
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actual “costs” to produce the good or service.  The important point is to avoid mixing “cost” and 
“price” data points into the same data set.  In CON 170, the data points used in the CVA examples 
refer to prices paid for goods or services. 
 
Let’s consider the following example as we begin our exploration of Cost-Volume Analysis. 
 
Example:  Wiring Harnesses.  Given the following market research data for commercial grade 
wiring harnesses, estimate the price for an upcoming purchase of 18 harnesses. 
 
 

Data Set 1--Commercial Grade Wiring Harnesses 
Quantity Total Cost  Unit Cost   

5 $150.00 $30.00   
10 $200.00 $20.00   
15 $250.00 $16.67   
20 $300.00 $15.00   
8 $180.00 $22.50   
12 $220.00 $18.33   
17 $270.00 $15.88   
25 $350.00 $14.00   

 
 
Step 1:  If we plotted this data, we would see the following:  

 

 
 
 

Step 2:  Establish a “trend line” or estimating line by connecting the data points 
 

Step 3:  Based on the graph and estimating line, what is your estimate for the price of 18? 
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From the graph, you will notice that the estimating line slopes up and to the right.  This means for 
every additional unit produced, the total cost increases.  This is called a positive slope—it moves up 
and to the right with each additional unit purchased.  The increase in total cost with the purchase of 
an additional unit is the variable cost.  Thus, the “slope” of the estimating line is the variable cost. 
 
You may be thinking, “I thought costs were supposed to decrease as more units were produced.”  
This brings up a good learning point - the difference between unit cost and total cost.  Unit cost 
generally will decrease as more units are produced, because it allows the producer to spread fixed 
costs over more units. But Total cost is different.  In our examples, with variable cost remaining 
constant, and fixed price remaining fixed, total cost will increase as more units are produced. 
 
How can we sharpen our cost estimate?  Having the graph is helpful, but with the tools from 
Lesson 1, we can determine the mathematical expression for the estimating line we drew in the first 
part of this lesson.  This process of analyzing the relationship between cost and volume is known as 
“Cost-Volume Analysis,” or “CVA.”  CVA is a more complex form of Cost Estimating 
Relationships than the simple ratios we learned previously. Before we explore the use of CVA, we 
must first understand the types of costs involved. 
 
 
Types of Costs 
In the short run, costs can be of three general types, fixed, variable, and semi-variable. 
 

 
 

 
Let’s explore each of these in greater detail. 
 
1.  Fixed Cost (symbol = F).  Total fixed costs remain constant as volume varies in the relevant 
range of production.  Fixed cost per unit decreases as the cost is spread over an increasing number of 
units. 
 

Examples include:  Fire insurance, depreciation, facility rent, and property taxes. 
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2.  Variable Cost (symbol = Vu).  Variable cost per unit remains constant no matter how many 
units are made in the relevant range of production.  Total variable cost increases as the number of 
units increases. 

Examples include:  Production material and labor.  If no units are made, neither cost is 
necessary or incurred.  However, each unit produced requires production material and labor. 

 
 

3.  Semi-variable Cost (symbol = SVu).  Semi-variable costs include both fixed and variable cost 
elements.  These kinds of costs may increase in steps or increase relatively smoothly from a fixed 
base. 

Examples include:  Supervision and utilities, such as electricity, gas, and telephone.  
Supervision costs tend to increase in steps as a supervisor's span of control is reached.  
Utilities typically have a minimum service fee, with costs increasing relatively smoothly as 
more of the utility is used. 
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When these costs are added together, the sum is the Total Cost.  Fixed, Variable and Semi-Variable 
Costs, when added together will give us the Total Cost (symbol = C) which is the sum of fixed and 
variable costs.  The total cost for production includes the cost to build the factory (fixed cost), plus 
the cost of utilities and labor (variable costs).  Total cost can be considered a “semi-variable” cost 
because it contains both fixed and variable cost elements. 

 

 
 
 
Situations for Using CVA 
Cost-volume analysis is an estimating concept that can be used in a variety of pricing situations. You 
can use the cost-volume relationship for: 
 
Evaluating item price in price analysis.  Cost-volume analysis assumes that total cost is composed 
of fixed and variable elements.  This assumption can be used to explain price changes as well as cost 
changes.  As the volume being acquired increases unit costs decline.  As unit costs decline, the 
vendor can reduce prices and still make the same profit per unit. 
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Evaluating direct costs in pricing new contracts.  Quantity differences will often affect direct 
costs -- particularly direct material cost.  Direct material requirements often include a fixed 
component for development or production operation set-up.  As that direct cost is spread over an 
increasing volume unit costs should decline. 
 
Evaluating direct costs in pricing contract changes.  How will an increase in contract effort 
increase contract price?  Some costs will increase others will not.  The concepts of cost-volume 
analysis can be an invaluable aid in considering the effect of the change on contract price. 
 
Evaluating indirect costs.  The principles of cost-volume analysis can be used in indirect cost 
analysis.  Many indirect costs are fixed or semi-variable.  As overall volume increases, indirect cost 
rates decline because fixed costs are spread over an increasing production volume. 
 

 

 
Analyzing the Cost-Volume Relationship 
The assumption of linear cost behavior permits use of straight-line graphs and simple linear algebra 
in cost-volume analysis.  This lesson began with the graphical analysis, and then presents the 
algebraic analysis. 
 
Calculating the Total Cost.  Total cost is a semi-variable cost—some costs are fixed, some costs 
are variable, and others are semi-variable.  In analysis, the fixed component of a semi-variable cost 
can be treated like any other fixed cost.  The variable component can be treated like any other 
variable cost.  As a result, we can say that: 
 

Total Cost = Fixed Cost + Variable Cost 
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Using symbols:  C = F + V, where  
 

• C = Total Cost; 
• F = Fixed Cost; 
• V = Variable Cost 

 
Variable Cost, represented by “V,” is a product of two elements:  

• Variable Cost per Unit,  Vu 
• and Quantity Produced,  Q 

 
Substituting this information into the Total Cost equation, we have the equation used in cost-volume 
analysis: 

C = F + VU (Q) 
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Exercise 1:    
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Before moving on, be sure that you understand the difference between: 

“Total Cost per Unit:” Total Costs (which is the sum of all fixed and variable costs) divided 
by the number of units produced; and  

“Variable Cost per Unit.”  The costs associated with producing each unit that are not Fixed 
Costs.  These are typically the material required to build a unit, and the direct labor associated with 
building the unit. 

 
Develop a Cost Estimate with CVA 
CVA can be very helpful in estimating prices. There are 4 steps to estimating the cost for a given 
quantity using historical data: 
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Exercise 2:  The example below illustrates how to use CVA to estimate the price for a certain 
quantity of items, given the 4 step process outlined above. 
 

 
 
Step 1.  Calculate the variable element - Given Total Cost and Volume for two different 

levels of production, and the straight-line assumption, you can calculate Variable Cost per Unit.   
 

  Remember: 

1. Fixed Costs do NOT change as volume changes, assuming we remain within the 
relevant range of production.  Thus, a change in Total Cost is the result of a change in 
Variable Cost (which is Vu(Q)).   

2. Variable Cost per Unit does NOT change in the relevant range of production. 
 

 
As a result, we can calculate Variable Cost per unit (VU) by: 
  

Q1 - Q2
C1 - C2

uV

1Point at Quantity  - 2Point at Quantity 
1Point at Cost  Total - 2Point at Cost  Total

uV

Quantityin  Change
Cost Totalin  Change

uV

=

=

=
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Step 2.  Calculate the fixed element - If you know Total Cost and Variable Cost per Unit 

for any Quantity, you can calculate Fixed Cost using the basic Total Cost equation. 
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Step 3.  Develop the Estimating Equation.  Now that we know Vu is $10 and F is $10,000, 
we can substitute the values into the general Total Cost Equation.  The result is the “estimating 
equation,” which can be used to estimate the total cost of any volume in (or at least near) our 
relevant, historical range of 3,000 and 5,000 units. 
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Step 4.  Estimate the cost for a given quantity.  Our task in this example is to estimate the 
price for a quantity of 4,400 units.  Now that we have an estimating equation, we can complete our 
task. 

 
 
 

The last question on the slide above asks, “does this estimate of $54,000 make sense?”  The 
following slide indicates $54,000 is roughly the same relative distance between $50,000 and $60,000 
as the 4,400 quantity is between the 4,000 and 5,000 quantity.  Therefore, the estimate appears to be 
within a reasonable range. 
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Exercise 3: Now, try an example using Cost-Volume Analysis on your own, using the 4-step 
process. 
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1. Based on data set, calculate the variable cost for each unit: 

 
 

 
 
 
 
 
 
2. Using data set 1 and the variable cost, calculate the fixed cost element. 
   

 
 
 
 
 
 
 
3. Based on questions 1 and 2, write the estimating line equation. 
   
 
 
 
 

Based on this estimating equation, hypothetically, what is the cost to produce zero wiring 
harnesses?   

 
 
 
 
 
 
4. Now, per our customer’s request, calculate an estimate for the price of 116 units: 

   
 
 
 
 
 

Does this estimate appear to be reasonable?   
 
 

 
 

1 2

1 2
  U Q -Q

C -CV =

(Q)V  -  C     F U=

(Q)V    F    C U+=
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Cost Volume Analysis Practice Problems (answers provided at the end of lesson) 
 
Re-examine Example 1, where you developed a price estimate for 18 wiring harnesses with a simple 
graph.  To conclude this lesson, “sharpen” your price estimate for 18 wiring harnesses by using 
CVA.   

Data Set 1:  Commercial Grade Wiring Harnesses 
Quantity Total Cost Unit Cost 

5 $150.00 $30.00 
10 $200.00 $20.00 
15 $250.00 $16.67 
20 $300.00 $15.00 
8 $180.00 $22.50 

12 $220.00 $18.33 
17 $270.00 $15.88 
  25 $350.00 $14.00 

 
 
1. Based on data set 1, calculate the variable cost for a wiring harness: 

 
 
 
 

 
2. Using data set 1 and the variable cost, calculate the fixed cost element. 
   

 
 
 

 
3. Based on answers from questions 1 and 2, write the estimating line’s equation! 
   
 
 
 
 
4. Now, estimate what the customer asked us for…the price of 18 units: 

 
 
 
 
 
Based on this estimating equation, hypothetically, what is the cost to produce zero wiring 
harnesses?   

 
 
 
Given the market research data set below for tracked vehicle ball-bearing sets, use both graphical 
analysis and Cost-Volume Analysis to estimate the price for 130 ball-bearing sets.   

1 2

1 2
  U Q -Q

C -CV =

(Q)V  -  C     F U=

(Q)V    F    C U+=
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Tracked Vehicle Ball-bearing Sets 

Quantity Total Cost Unit Cost 
20 $7,500.00 $375.00 
40 $10,000.00 $250.00 
60 $12,500.00 $208.33 
80 $15,000.00 $187.50 

100 $17,500.00 $175.00 
120 $20,000.00 $166.67 
140 $22,500.00 $160.71 
160 $25,000.00 $156.25 

 
 

1.  Review the graph of the data of Quantity in relation to Total Cost.   
 

 
 
 
2.  Calculate the variable cost: 
  

 
  

 
 
3.  Using the data set and the variable cost, calculate the fixed cost element. 
  
  

$0.00

$5,000.00

$10,000.00

$15,000.00

$20,000.00

$25,000.00

$30,000.00
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4.  Based on answers to questions 1 and 2, write the estimating line’s equation! 
  
 
 
 
 
5.  Based on the customer’s request, what is the price estimate for 130 ball bearing sets: 
  
 
 
 
 
 
6.  How about the estimated price for 200 sets? 
  
 
 
 
 
 
7.  Based on your market research, what is the lowest price you would reasonably expect to 
pay? 
 
 
 
 
 
8a.  After a recent, city-wide tradeshow, a small business representative visits your office, and 
says he can deliver 130 units for a total cost of $16,500.  On the graph below, you compared 
this price with the rest of your market research data.  Based on your market research data, 
and your cost-volume analysis, do you believe this is a reasonable offer?  What questions 
would you ask? 
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8b. The offeror responds to your questions, “I’m in a business cycle where I have received 
more orders than I expected on other contracts.  Therefore, all of my fixed costs are covered 
for the rest of this year.  For the rest of this year, I can offer you a better price than normal.”  
What do you think? 
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Cost Volume Analysis Practice Problem Solutions 
 
Re-examine Example 1, where you developed a price estimate for 18 wiring harnesses with a simple 
graph.  To conclude this lesson, “sharpen” your price estimate for 18 wiring harnesses by using 
CVA.   

Data Set 1:  Commercial Grade Wiring Harnesses 
Quantity Total Cost Unit Cost 

5 $150.00 $30.00 
10 $200.00 $20.00 
15 $250.00 $16.67 
20 $300.00 $15.00 
8 $180.00 $22.50 

12 $220.00 $18.33 
17 $270.00 $15.88 
  25 $350.00 $14.00 

 
 
5. Based on data set 1, calculate the variable cost for a wiring harness: 

 
 
From our data set, the variable costs is calculated as  $200  -  $150       =    $10 per unit 
        10 units – 5 units 
This means, for every additional unit we purchase, the contractor’s cost is an additional $10. 

 
6. Using data set 1 and the variable cost, calculate the fixed cost element. 
   

 
The fixed cost is calculated by taking the Total Cost equation and isolating the fixed cost (F).  
Thus, if total cost is $150 for 5 units, the fixed costs is calculated as: 
 F  =  $150  -  ($10) × 5 units 
 F  =  $100 

 
7. Based on answers from questions 1 and 2, write the estimating line’s equation! 
   
 

Total Cost  =  $100  +  ($10) × (Quantity) 
 
 
8. Now, estimate what the customer asked us for…the price of 18 units: 

  Total Cost  =  $100  +  ($10)  ×  (18 units) 
  Total Cost  =  $100 + 180 
 Total Cost = $280 
 
Based on this estimating equation, hypothetically, what is the cost to produce zero wiring 
harnesses?  $100.  To calculate, insert “0” into the estimating equation.  For a rough estimate, 
simply extend the estimating line all the way to the y-axis (where x = 0).   
This illustrates that the contractor must pay its fixed costs even if zero units are produced. 

 
 

1 2

1 2
  U Q -Q

C -CV =

(Q)V  -  C     F U=

(Q)V    F    C U+=
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Given the market research data set below for tracked vehicle ball-bearing sets, use both graphical 
analysis and Cost-Volume Analysis to estimate the price for 130 ball-bearing sets.   

 
Tracked Vehicle Ball-bearing Sets 

Quantity Total Cost Unit Cost 
20 $7,500.00 $375.00 
40 $10,000.00 $250.00 
60 $12,500.00 $208.33 
80 $15,000.00 $187.50 

100 $17,500.00 $175.00 
120 $20,000.00 $166.67 
140 $22,500.00 $160.71 
160 $25,000.00 $156.25 

 
 

1.  Graph the data of Quantity in relation to Total Cost.   

 
 
 
2.  Calculate the variable cost: 
  

 
 $10000  -  $7500   =  $125 per unit 

 40 units  -  20 units 
 
 
3.  Using the data set and the variable cost, calculate the fixed cost element. 
 F  =  C  -  Vu(Q) 

F  =  $10000  -  ($125) (40) 
 F  =  $5000 
  

$0.00

$5,000.00

$10,000.00

$15,000.00

$20,000.00

$25,000.00

$30,000.00
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4.  Based on answers to questions 1 and 2, write the estimating line’s equation! 
 C  =  F  +   Vu(Q) 

C  =  $5000  +  $125 (Quantity) 
 
5.  Based on the customer’s request, what is the price estimate for 130 ball bearing sets: 
 C  =  $5000  +  $125(130) 
 C  =  $21,250 
 
6.  How about the estimated price for 200 sets? 
 (Same estimating equation; now simply plug in 200 for Q) 

C  =  $5000  +  $125 (200) 
 C  =  $30,000 
 
7.  Based on your market research, what is the lowest price you would reasonably expect to 
pay? 
 
Given market research data, you would expect contractors to charge a price which would enable 
them to cover all of their fixed costs, variable costs, and earn a reasonable profit.  Thus, the first 
unit produced would be at least $5,125, plus profit (which covers all fixed and variable costs).  We 
would expect 10 units to be $6,250 plus profit.  While market research data is never a perfect 
predictive tool; if a proposed price is significantly lower than the data indicates, we must: 

• Be cautious—sometimes a low price is not “fair and reasonable” 
• Conduct additional market research and fact-finding, considering within the 

guidelines set by TINA and FAR 15.402 and 15.403, as discussed in Unit 1 Lesson 2. 
• Conduct additional market research and fact-finding before considering the offer to 

be unreasonably low—build an argument for your decision to either: 
- not award, because the offer initially appears to be “too low,” a “low-ball,” 

or a “buy-in,” and the contractor has no logical explanation; or 
- award, even if the offer is lower than usual, based on your additional fact-

finding 
• Contractor should be able to explain how, at a significantly low price, he can still 

cover his fixed and variable costs.  Answers could range from: 
- “I have more business than expected this year; all my fixed costs are covered; 

therefore, I can offer this price as a one-time good deal, and still recover all 
my costs and still make a profit.” 

- “I just received a grant, which covered all my fixed and most of my variable 
costs for the year; therefore, I can offer this one-time good price, cover all my 
costs, and still make a profit.” 

- “I just purchased new equipment, which I’ve amortized over 10 years.  The 
new equipment has decreased my fixed costs, and significantly decreased my 
variable costs.  Therefore, I intend to offer this new price to capture more 
market share.  Soon, my competitors will also buy this new equipment, and I 
want customers to know me first.” 
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8a.  After a recent, city-wide tradeshow, a small business representative visits your office, and 
says he can deliver 130 units for a total cost of $16,500.  On the graph below, you compared 
this price with the rest of your market research data.  Based on your market research data, 
and your cost-volume analysis, do you believe this is a reasonable offer?  What questions 
would you ask? 
 
It is important to realize that this is significantly lower than the market research data; but, is it 
reasonable?  Learning point is, we would have to do fact-finding through additional market 
research.   
Estimated price analysis:   

• As we calculated above, our estimated total cost for 130 units is $21,250. 
• His offer of $16,500 is well below (about 22% less than) our estimate. 
• How would we discern if this is a rational offer, rather than a “get the foot in the door,” low-

ball, irrational offer?  After all, this offeror may have implemented newer, more efficient 
processes. Thus, some questions to ask: 

- Have you sold at this price before?  At a similar quantity, quality and delivery 
schedule?  May I see records of previous sales history?  Will it be valid next year?  
As a last resort, ask for cost information, to verify he can actually cover his costs.  
Such questions follow the “order of preference” from our TINA lesson. 

- My market research indicates that appears to be an attractive price.  Are you able to 
cover your fixed and variable costs? 
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8b. The offeror responds to your questions, “I’m in a business cycle where I have received 
more orders than I expected on other contracts.  Therefore, all of my fixed costs are covered 
for the rest of this year.  For the rest of this year, I can offer you a better price than normal.”  
What do you think? 
 

• By our estimating equation, if this offeror has the fixed costs covered through other 
contracts, his total costs will be $5,000 less than we’d normally expect:  130 units × $125 
per unit = $16,250.  At his proposed price of $16,500, the offeror is covering his variable 
costs, has all fixed costs covered, and is still earning $250 in profit. 

 
• If the offeror can make the case he can cover his fixed and variable costs, the price can still 

be considered rational.   
 

• If the offeror is not covering at least his variable costs, it may be an irrational, “low-ball,” 
or “buy-in” offer.  Remember, it is seldom a good idea to award a contract knowing the 
contractor is losing money. Such a scenario typically presents more risk than benefit. 

 
Our job is to recognize those situations through this type of analysis, rather than simply not 
awarding based on a “gut feel” of an offer that appears to be too low.   
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Lesson 7 --  ELO 2.07   Through Cost-Volume-Profit (CVP) analysis, recognize 
the nature of profit, revenue, and contribution income in calculating the 
contractor’s “break-even” point. 
 

 
 

Introduction:  From Cost-Volume Analysis to Cost-Volume-Profit Analysis (CVP) 
Until now, we have only looked at the cost-volume relationship.  Now, we are going to expand that 
relationship to consider the relationship between cost, volume, and profit.  The revenue taken in by a 
firm is equal to cost plus profit. 
 
  That can be written: Revenue = Total Cost + Profit 

 
We have already seen that total cost (C) is: C = F + VU (Q) 

 
Using this information, we can rewrite the Revenue equation as:  Revenue = F + VU (Q) + Profit 

 
In the cost-volume-profit equation, profit can be positive, negative, or zero.  If profit is negative, we 
normally refer to it as a loss.  If profit is zero, the firm is breaking even, no profit or loss.  If we let P 
stand for profit, we can write the equation: 
 
 

Revenue = F + VU (Q) + P 
 
 

 
Revenue is the total amount of money received by a company for goods or services sold. Revenue is 
the product of two elements: 

a. Revenue per unit, which is the selling price, represented by “Ru”; and  
b. Quantity, or volume of units sold, represented by “Q” 

 
  

http://www.investorwords.com/11320/total.html
http://www.investorwords.com/205/amount.html
http://www.investorwords.com/3100/money.html
http://www.investorwords.com/2209/goods.html
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The Revenue equation is written as follows:    Revenue = RU (Q) 
 

If we assume that a firm makes all the units that it sells, and sells all the units that it makes, we can 
complete the CVP equation:   
 
           Ru (Q)= F + VU(Q) + P  
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Application of the Cost-Volume-Profit Equation 
This equation and fundamental knowledge of a contractor's cost structure can provide you with 
extremely valuable information on the impact purchase decisions can have on a firm's profitability. 
We can even use CVP analysis to help us estimate a likely selling price. For example, consider the 
following circumstances: 
 
 
Exercise 1: The Acme firm prepared an offer for an indefinite quantity contract with the 
Government for a new product developed by the firm.  Acme’s goal is to sell 5,000 units, and earn 
$7,500 profit during this contract period.  There are no other customers for the product.  Given the 
following information, what is the selling price (RU) Acme must charge in order to earn its profit 
goal? 

 
Fixed Cost  = $10,000 
Variable Cost per Unit  = $20 
Contract Minimum Quantity  = 4,000 units 
Contract Maximum Quantity  = 6,000 units 
Firm’s Best Estimate of Quantity  = 5,000 units 
Target Profit  = $7,500 

 
Here are the steps to solve for Ru, the Revenue per unit (selling price) that the firm would need to 
charge in order to attain their stated profit goal: 
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Knowing a selling price, we can also use CVP Analysis to estimate expected profit given different 
scenarios that you will explore on the next page. 
 
Exercise 2: Good news - It appears Acme will receive orders for 6,000 units.  In the space below, 
using the CVP equation and Acme’s data from above, calculate how much profit Acme would earn 
if they exceeded their sales goals and sold 6,000 units?  (Hint:  insert values for Ru, Q, F, and Vu, 
and solve for P)  
 
   

 
 
 
This assumes the F and Vu relationship remain perfectly linear with an increase in Q. This “linear” 
assumption will be used throughout CON 170. CON 270 will teach you how to analyze non-linear 
relationships.  
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Exercise 3: In addition, Acme’s leaders were concerned about how profits would be affected if 
Acme sold only the minimum quantity of 4,000 units.  In the space below, use the CVP equation and 
Acme’s data from above to calculate how much profit Acme would earn if it only sold 4,000 units at 
a selling price of $23.50 per unit. 
 

 
 

 
 
Note that Acme will earn less profit (than their goal) because sales were lower than originally 
forecasted; however, Acme is still not “losing” money.   
 
 
 
This leads us to another critical aspect of CVP analysis - determining the “break-even point.”   
 
 
Using CVP Analysis to Calculate the Break-even Point 
The “break-even point” is the quantity a firm must produce and sell in order to cover all of its fixed 
and variable costs, and the point at which they begin to make a profit.  When analyzing the risk of 
submitting a proposal for an indefinite delivery contract, Acme’s (or any company’s) leaders must 
assess the number of sales required for the firm to “break even”—ensuring they understand the 
quantity they must sell to cover their total cost, and begin to earn profit. 
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The graph below illustrates the concept of “Break-Even Point.”  Notice the lines in the graph: 
 

• Sales Revenue line represents Ru(Q):  the unit selling price  ×  quantity – this is the 
money the company is bringing in through sales 
 

• Total Cost line represents  F  +  Vu(Q):  fixed cost +  (variable cost  ×  quantity)  - this is 
the money the company is putting out in order to produce the product 
 

• These two lines intersect where Ru(Q)  =  F  +  Vu(Q), which is the break-even point 
 

• At the break-even point, the Sales Revenue is equal to the Total Cost and Profit = $0 
 

• To the left of the break-even point, the contractor is operating at a “loss,” because his 
revenue does not cover all fixed and variable costs 
 

• At the break-even point, the contractor’s revenue finally covers all fixed and variable 
costs 
 

• To the right of the break-even point, the contractor has covered all fixed and variable 
costs, and begins to earn profit 
 

• Profit is represented by the wedge between the “Sales Revenue” line and the “Total Cost” 
line, to the right of the break-even point 
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In order to check for understanding of this concept, answer the following questions: 
 
On the graph above, what is represented by the “wedge” under the Total Cost line, over the 
Sales Revenue line, to the left of the break-even point?   
 
 
 
Where is profit depicted?   

 
 
 

If an item has a low fixed cost, a low variable cost, and a high selling price, where on the graph 
would the breakeven point be…lower left or upper right?   
 
 
 
Comparing the total cost line of two different commodities, which would have a steeper slope, 
one with a higher variable cost, or lower variable cost?   
 
 
 
Exercise 4: To continue with our Acme example, use the CVP equation to calculate the quantity of 
units that would have to be sold (Q) to enable Acme to break-even. 
 

Fixed Cost  = $10,000 
Variable Cost per Unit  = $20 
Selling Price  =  $23.50 
Contract Minimum Quantity  = 4,000 units 
Contract Maximum Quantity  = 6,000 units 
Firm’s Best Estimate of Quantity  = 5,000 units 
Target Profit  = $7,500 
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The calculations above show that the firm would break even at __________  units.  Because the firm 
could not sell just a part of a unit, the firm must sell _______  units to assure that all costs are 
covered.  To verify: 
 
    Selling 2857 units       Selling 2858 units 

    Revenue   =  Total Cost + Profit    Revenue   =  Total Cost + Profit 
         Ru(Q)  =  F  +  Vu(Q)  +  P         Ru(Q)  =  F  +  Vu(Q)  +  P  
23.50(2857)  =  $10,000  +  20(2857)  +  0          23.50(2858)  =  $10,000  +  20(2858)  +  0 
  $67,139.50  =  $67,140.00      $67,163.00  =  $67,160.00 

         <  $.50                 >  $3.00  
  
   Revenue is $0.50 less than costs.        Revenue is $3.00 more than all costs. 

         Acme has not reached “break-even” point.                  Acme reached “break-even” point. 
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Exercise 5: Given the following information for an offeror’s proposal for wiz-bangs, calculate the 
break-even point.   
 
  Fixed Costs:   $15,000 
  Variable Cost per Unit   $30.00 
  Selling Price     $33.08 
  Maximum Capacity  8,000 units 
 
Remember, the break-even point is the quantity of units sold when the firm finally covers all of its 
fixed and variable costs, and begins to earn profit.  Therefore, when calculating the break-even point, 
we use the CVP equation, and solve for “Q” where “P” equals zero. 
 
  CVP equation:    Ru(Q)  =  F  +  Vu(Q)  +  P 
 
  Then, set P = 0, and solve for Q: Ru(Q)  =  F  +  Vu(Q) 
 
 

 
 

 
Break-even Capacity 
With an understanding of the break-even point, it is also important to understand how a contractor’s 
break-even point compares to their overall production capacity.  In the example above, we see the 
contractor must produce and sell at least 4,871 units to break even, and finally begin to earn profit.  
Is this production output within the company’s production capacity?  In this scenario, we see the 
contractor’s maximum capacity is 8,000 units.  Therefore, we have some assurance the contractor 
has a reasonable and sound production plan, because they will break even well within their 
maximum capacity.   
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However, consider a contractor with a break-even point of 5,000 units, but with only a maximum 
capacity of 4,500 units.  In this case, the contractor cannot even produce and sell enough units to 
cover his total costs. Without a robust explanation, an award to this contractor would present an 
unacceptably high risk. 
  
In order to calculate the Break-even Capacity, use the simple ratio below. The break-even capacity is 
stated as a percentage.   
 

Break-even Capacity   =   Break-even Quantity  /  Maximum Production Quantity 
 

From the example above, the firm’s break-even point was 4,871 units, and their maximum capacity 
(or their maximum production quantity) is 8,000 units.  What is their “break-even capacity?” 
 

 
 
In order to check for understanding of this concept, answer the following questions: 
 
What is the purpose of understanding the break-even capacity? 
 
 
State the risk of the following offers as low, high, or unacceptably high: 

 
• Offer 1’s break-even capacity is 30%. 

 
 

• Offer 2’s break-even capacity is 99% 
 
 

• Offer 3’s break-even capacity is 120% 
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It is crucial to recognize the importance of the break-even point, and possible factors which could 
influence and change the break-even point.  Any factor that drives a change to the contractor’s fixed 
and/or variable costs, as well as the selling price of the item, will shift the break-even point. 
 
As Government buyers, our goal is to ensure the contractor is earning enough money to remain in 
business, and not pay prices that are irrationally low.  This leads us to a study of Contribution 
Income, which helps us understand the relationship between selling price and how a company 
contributes to covering their costs and profit. 
 

 
 

Contribution Income 
The difference between revenue and variable cost is called Contribution Income (CI).  The term 
contribution income comes from the contribution made to covering fixed costs and profit.  If 
contribution income is positive, increasing sales will increase profits or reduce losses.  If 
contribution income is negative, increasing sales will reduce profits or create greater losses. 
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Consider an offeror's proposal for 500 widgets  priced at $900 each, and your analysis reveals the 
following cost structure. How would this affect your analysis of contract risk? 
 

Fixed Cost = $100,000  
Variable Cost per Unit = $1,000 

 
 CI = (RU - VU) Q 
 CI = ($900 - $1,000) (500) 
 CI = (-$100) (500) 
 CI = -$50,000 
 
The contribution income from the sale is a negative $50,000.  The firm would be substantially worse 
off for having made the sale.  Unless the firm can offer a positive rationale for such a pricing 
decision, such as fixed cost has already been covered under a previous contract, you must consider 
pricing as an important factor as you analyze the risk of contract performance. 
 
 
Exercise 6: Analyze the production of an item where: 
 

Fixed Costs:   $15,000 
  Variable Cost per Unit   $30.00 
  Selling Price     $33.08 
 
Calculate the Contribution Income per unit (hint: set Q = 1).  
 
Next, calculate the total Contribution Income for 6,500 units. 
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Exercise 7: In a competitive environment, a firm has offered to sell the Government 4,500 wiz-
bangs for $25 each.  Your assessment reveals: 
 

 Fixed Costs:   $15,000 
   Variable Cost per Unit   $30.00  
   Selling Price     $25.00 
 
In the space below, calculate the Contribution Income for the total of 4,500 units: 
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Discussion Questions: 
 
Is this offer to sell each wiz-bang for $25 rational or irrational?   
 
 
 
 
 
 
 
 
 
What is the lowest price you would be willing to pay?   
 
 
 
 
 
 
 
 
 
Questions to Consider in CVP Analysis  
Finally, as you perform price/cost analysis, consider the issues and concerns identified in this 
section, whenever you use cost-volume-profit analysis concepts. 
 
Has the contractor’s cost structure changed substantially?  CVP analysis assumes that the period 
covered by the analysis is too short to permit facilities expansion or contraction or other changes that 
might affect overall pricing relationships.  If the contractor has substantially changed its cost 
structure, your ability to use CVP analysis may be limited.  Examples of possible changes include: 

• Downsizing to reduce fixed costs. 
• Increased investment in automated equipment to reduce variable costs of labor and material. 

 
Is the straight-line assumption reasonable?  CON 170 assumes the CVP relationship is a straight-
line (linear) relationship.  In the “real world,” market research will reveal the CVP relationship is not 
truly linear.  Instead, CVP data points are scattered with variance over and above a general trend 
line.  In CON 270, we will learn to build pricing estimates by analyzing variance and trend-lines.  
 
Are current volume estimates within the relevant range of available data?  If the current volume 
of goods or services we are acquiring is substantially higher or lower than the volumes used to 
develop the CVP equation, our estimating results may be unreliable.  At higher or lower volumes, 
the contractor would likely be using different processes under a different cost structure, which would 
significantly change the CVP elements. 
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Cost-Volume-Profit Analysis - In Class Exercise 
 
Instructions: Complete the In Class Exercise below and answer the questions.  
 
 
 
Lester’s Lawn Mowing.  As a 13-year old, Lester has a goal to earn enough money to attend 
college.  His goal is to earn $1,250 of profit each summer until he graduates from high school.  After 
some practice, he has developed skill in mowing lawns.  With some guidance from his dad, Lester 
purchased a lawn-mower, a trimmer, and a broom for a total of $250.  With gas and expendables, his 
variable cost per lawn is $10.  After doing market research on the prices of lawn service, he intends 
to charge $30 per lawn. 
 
1. How many lawns would he have to mow in order to earn this year’s goal of $1,250?  
(Remember to “round up”) 
 

The necessary elements for solving this problem: 
Fixed costs (F):   $ 
Variable costs per lawn (Vu):  $ 
Profit Goal (P):   $ 
Selling price or Revenue per lawn (Ru):   $ 
Needs to mow  ____________  lawns to earn the profit goal? 
 

 
 
 
 
 
 
 
 
 

 
 
2.  Assuming the weather permits 15 weeks of lawn-mowing per year, and Lester can mow a 
maximum of 6 lawns per week.  At what capacity is Lester operating in order to earn his profit 
goal?  How much mowing risk do you believe Lester is managing to achieve his goal? 
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3.  How would you describe the risk if he needed to mow 90 lawns to earn his profit goal? 
 
 
 
 
 
 
4.  Under his pricing arrangement, what is the “Contribution Income” per unit?   
What is his total Contribution Income for 75 lawns? 

   
 
 
 
 
 
 
 

 
5.Given Lester’s fixed and variable costs, and his anticipated sales revenue, draw a graph 
to estimate the number of lawns Lester must mow to “break even.”  Remember: 
        -  Total cost line is graphed with  C  =  F  +  Vu(Q); 
        -  Sales revenue is graphed with R  =  Ru(Q)  

(Hint:  use this framework to establish points for the Sales Revenue and Total Cost Lines) 
   Total Cost Line          Sales Revenue Line 
   Q  Total Cost          Q    Ru(Q) 
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6.  Given Lester’s fixed and variable costs, and his anticipated sales revenue, calculate the 
breakeven point.  Is your calculation consistent with your graph above?  (Remember to 
“round-up”) 

   
 

 
 
 
 
 
 
 
 
7.  Assuming the weather permits 15 weeks of lawn-mowing, Lester can mow a maximum of 6 
lawns per week.  At what capacity is Lester operating at his break-even point?  Does this 
appear to be a risky venture? 
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Cost Volume Profit Analysis Practice Problems (answers provided at the end of 
lesson) 
 
Practice Problem 1: Jill’s invention - Jill has figured out how to build her own version of an iPodTM 
player which also dispenses PezTM candy.  Her goal is to earn $25,000.  She believes she can build 
and sell 5,000 units.  Her fixed costs are $60,000, variable cost are $20 per unit.   
 
1.  To earn her profit goal, how much must she charge for each unit, assuming she sells all she 
makes? 

 
   
 
 

 
 

2.  Under this pricing arrangement, what is Jill’s contribution income per unit?   
 
 
 
 
What is her total contribution income at 5,000 units? 
 
 
 
 

 
3. Jill acquires equipment to deliver a maximum production capacity of 6,000 units.  At what 

capacity will she be producing to earn her profit goal? 
 
 

 
 
 
4. Given her fixed and variable costs, and her anticipated sales revenue, draw a graph in the 

space below to estimate the number of units she must sell “break even.”  Remember: 
        -  Total cost line is graphed with  C  =  F  +  Vu(Q); 
        -  Sales revenue is graphed with R  =  Ru(Q)  

  
(Hint:  use this framework to establish points for the Sales Revenue and Total Cost Lines) 

   Total Cost Line          Sales Revenue Line  
   Q  Total Cost          Q    Ru(Q) 
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5. Under this pricing arrangement, calculate Jill’s breakeven point.  Is your calculated 

answer consistent with your estimate from the graph? 
 
 
 

 
 

 
6.  At what capacity is she producing at the break-even point? 
 
 
 
 
7.  At Jill’s birthday party, she announces to her guests that she will sell this initial production 
run of 5,000 units for $24 per unit.  Is she irrational? Hint:  calculate her contribution income 
per unit, and total. 
 
 
 
 
8.  Sensing her guests’ uncertainty regarding her contribution income, Jill informs everyone, 
“For my birthday, a venture capitalist paid my $60,000 in fixed costs.  With less risk, I was willing 
to lower my profit goal to $20,000.”  Given this new information, does she have a rational 
strategy? 
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Practice Problem 2. Andrew the Aviator - Andrew has a goal to save enough money to pay for 
flying lessons.  His goal is to earn $3,000 profit in one year.  After some practice, he developed skill 
in drawing caricatures of CON 170 professors.  He purchased an easel, markers, and art paper for a 
total of $300.  With art supplies and labor, his variable cost per drawing is $4.  After doing market 
research, he believes he can sell each caricature for $25 each.  
 
1. How many caricatures would he have to draw in order to earn his goal of $3,000?  
 Fixed Costs, F:  $_____ 
 Variable Cost per drawing (Vu):  $_____ 
 Profit Goal, P:  $_____ 
 Selling Price, (Ru):  $_____ 
 Andrew needs to sell ________  caricatures to earn his profit goal of $3,000. 
 
    
 
 
 
2.  Assuming Andrew’s schedule permits a maximum of 35 weeks when he can draw and sell 
16 caricatures per week, at what capacity is Andrew operating in order to earn his profit goal?  
How much risk do you believe Andrew is managing to achieve his goal? 
 
  
 
 
 
3.  Under this pricing arrangement, what is Andrew’s Contribution Income per drawing? 
 
        
 
 
 
4.  Given Andrew’s fixed and variable costs, and his anticipated sales revenue, draw a graph to 
estimate the number of caricatures Andrew must draw and sell to “break even.”   
  

(Hint:  use this framework to establish points for the Sales Revenue and Total Cost Lines) 
   Total Cost Line          Sales Revenue Line 
   Q  Total Cost          Q    Ru(Q) 
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5.  Given Andrew’s fixed and variable costs, and his anticipated sales revenue, calculate the 
break-even point.  Verify your calculations by comparing your answer to the graph above. 
 
  
 
 
 
 
 
 
 
6.  Assuming 35 weeks of drawing and selling 16 caricatures per week, at what capacity is 
Andrew operating at the break-even point?  Does this appear to be a risky venture? 
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Cost Volume Profit Analysis Practice Problem Solutions 
 
Practice Problem 1: Jill’s invention - Jill has figured out how to build her own version of an iPodTM 
player which also dispenses PezTM candy.  Her goal is to earn $25,000.  She believes she can build 
and sell 5,000 units.  Her fixed costs are $60,000, variable cost are $20 per unit.   
 
1.  To earn her profit goal, how much must she charge for each unit, assuming she sells all she 
makes? 

 
  Ru(Q)     =    Fixed Costs    +    Variable Costs   +   Profit   
  Ru(Q)     =    Fixed Costs    +    Vu(Q)   +   Profit   
  Ru(5000) =  $60,000  +   $20(5000)   +   $25,000 
  Ru(5000)  =  $60,000  +  $125,000 
  Ru(5000)  =  $185,000 
    Ru  =  $37.00    
 

Jill must sell each unit for $37.00 and sell all 5000 units to cover her fixed and variable costs, and 
earn her goal of $25,000 profit. 
 

 
2.  Under this pricing arrangement, what is Jill’s contribution income per unit?   

 
CI per unit:     =  (Ru  -  Vu)   ×   Q 

=  ($37.00  -  $20.00)  ×  1 unit 
  =  $17.00 per unit 
 
What is her total contribution income at 5,000 units? 
 
Total CI at 5,000 units: 
  CI  =  (Ru   -   Vu) × (Q) 
  CI  =  ($37.00  -  $20) × 5,000 units 
  CI  =  ($17.00) ×  (5,000) 
  CI  =  $85,000 total 
 

 
5. Jill acquires equipment to deliver a maximum production capacity of 6,000 units.  At what 

capacity will she be producing to earn her profit goal? 
• She’ll build and sell 5,000 units, with a maximum capacity of 6,000 units.  Thus, she will be 

operating at   5000  /  6000  =  .8333, or 83% capacity. 
• She can achieve her profit goal within her maximum capacity; however, because she is 

approaching her maximum capacity, a prudent investor may inquire about her strategy for 
managing risk. 

 
 
6. Given her fixed and variable costs, and her anticipated sales revenue, draw a graph in the 

space below to estimate the number of units she must sell “break even.”  Remember: 
        -  Total cost line is graphed with  C  =  F  +  Vu(Q); 
        -  Sales revenue is graphed with R  =  Ru(Q)  
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(Hint:  use this framework to establish points for the Sales Revenue and Total Cost Lines) 
   Total Cost Line          Sales Revenue Line  
   Q  Total Cost          Q    Ru(Q) 

 
 

 
• At the breakeven point, total cost  =  total revenue, and profit = 0. Based on the graph, the 

intersection point of the total cost and total revenue lines can be estimated at/above 3,500 
units.  

 
 
6. Under this pricing arrangement, calculate Jill’s breakeven point.  Is your calculated 

answer consistent with your estimate from the graph? 
 
Break-even point is the quantity where total costs are covered, and contractor begins to earn 
profit.  For calculating purposes, we set Profit = to 0, and solve for Q: 
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               R   =  Total Cost  +  Profit 
        Ru(Q)   =  F  +  Vu(Q)  +  $0 
  $37.00(Q)  =  $60,000   +  $20(Q)  +  $0 
     $17(Q)    =  $60,000 
              Q   =  3529.41 units sold to break even. 
          =   Which means 3,530 units sold is the break-even point 
 

 
 
6.  At what capacity is she producing at the break-even point? 

Capacity at Break-even point  =  Break-even quantity  /  max production quantity 
 =   3530  /  6000 
 =   .588 
 =  This is approximately a 59% capacity 

 
7.  At Jill’s birthday party, she announces to her guests that she will sell this initial production 
run of 5,000 units for $24 per unit.  Is she irrational? Hint:  calculate her contribution income 
per unit, and total. 
 
A business must cover its fixed and variables costs to stay in business.  As Government buyers, we 
must be assured a contractor’s proposed price will cover fixed and variable costs.  Otherwise, we 
may be facing additional performance risk.  This new unit price is significantly lower than her 
original selling price.  Is it a “low-ball,” irrational price? 
 

To determine if this new price is rational, start by calculating the CI, and determine how 
much of the fixed and variable costs she can pay for at this new price. 

  CI  =  (Ru   -   Vu) × (Q) 
  CI  =  ($24  -  $20) × 5000 units 
  CI  =  $20,000 
 
At $24 per unit, she is covering her variable costs, but does not contribute enough over 5000 

units to cover her $60,000 in fixed cost, and therefore, does not even begin to earn profit.  
Thus, so far, her pricing strategy of $24 per unit appears to be irrational. 

 
To find out if she has a rational plan, you must ask/investigate: 
• Has she offered this price before? 
• Based on our market research, can she explain how she is covering her fixed and variable 

costs? 
• Has she changed her business strategy, received a grant or benevolent donation, or 

already booked orders for more production than she expected? 
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8.  Sensing her guests’ uncertainty regarding her contribution income, Jill informs everyone, 
“For my birthday, a venture capitalist paid my $60,000 in fixed costs.  With less risk, I was willing 
to lower my profit goal to $20,000.”  Given this new information, does she have a rational 
strategy? 

• Yes.  With her Fixed Costs covered, at the same selling price ($24), she will earn $20,000 in 
contribution income.  With her fixed costs paid for, she can keep the $20,000 for profit, and 
achieve her revised profit goal. 
 

  CI  =  (Ru   -   Vu) × (Q) 
  CI  =  ($24  -  $20) × 5000 units 
  CI  =  $20,000 

 
• The point of this example is to re-enforce that Government buyers cannot simply discard an 

offer because it appears to be “too low.”  There may be rational reasons for a contractor to 
offer us a “better than ever” price, or a “one time good deal.”  Normal business cycles can 
provide unexpected windfalls for contractors, which enable them to offer the Government 
unusually low prices.  It is our responsibility to explore and understand the prices before 
awarding…or not awarding.   

 
 
Practice Problem 2. Andrew the Aviator -  Andrew has a goal to save enough money to pay for 
flying lessons.  His goal is to earn $3,000 profit in one year.  After some practice, he developed skill 
in drawing caricatures of CON 170 professors.  He purchased an easel, markers, and art paper for a 
total of $300.  With art supplies and labor, his variable cost per drawing is $4.  After doing market 
research, he believes he can sell each caricature for $25 each.  
 
1. How many caricatures would he have to draw in order to earn his goal of $3,000?  
 Fixed Costs, F:  $300 
 Variable Cost per drawing (Vu):  $4 
 Profit Goal, P:  $3,000 
 Selling Price, (Ru):  $25 
 Andrew needs to sell  158  caricatures to earn his profit goal of $3,000. 
 
   Ru(Q)  =  F  +  Vu(Q)  + P 
  $25(Q)  =  $300  +  $4(Q)  +  $3,000 
  21(Q)  =  $3,300 
       Q   =   157.14 
 
Remembering to always round up, Andrew will reach his profit goal when he sells his 158th drawing. 
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2.  Assuming Andrew’s schedule permits a maximum of 35 weeks when he can draw and sell 
16 caricatures per week, at what capacity is Andrew operating in order to earn his profit goal?  
How much risk do you believe Andrew is managing to achieve his goal? 
 
 - 35 weeks  X  16 drawings per week  =  560 total drawings, which is his max capacity. 
 - 158 drawings sold  /  560 total drawings max capacity  =  .282, or 28% capacity 
 
He can reach his profit goal well within his max capacity, which means this is a reasonably low risk 
venture 
 
3.  Under this pricing arrangement, what is Andrew’s Contribution Income per drawing? 
 
       CI  =  Ru(Q)  -  Vu(Q) 
 Or, CI  =  (Ru  -  Vu)(Q) 
       CI  =  ($25  - $4)(1) 
       CI  =  $21 per unit 
 
4.  Given Andrew’s fixed and variable costs, and his anticipated sales revenue, draw a graph to 
estimate the number of caricatures Andrew must draw and sell to “break even.”   
 (Hint:  use this framework to establish points for the Sales Revenue and Total Cost Lines) 
   Total Cost Line          Sales Revenue Line 
   Q  Total Cost          Q    Ru(Q) 

10     340   10     250 
   15     360   15     375 
   50     500   50    1250 
   100     700   100    2500 
   150     900   150    3750 
   200    1100   200    5000 
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5.  Given Andrew’s fixed and variable costs, and his anticipated sales revenue, calculate the 
break-even point.  Verify your calculations by comparing your answer to the graph above. 
 
 Break-even point is the Q where   Ru(Q)  =  F  +  Vu(Q)  + P, and we set P equal to $0 
  Therfore:         $25(Q)  =  $300  +  $4(Q) 
           $21(Q)  =  $300 
                  Q   =  14.29 drawings to break even. 
 
 However, because ee cannot draw and sell “.29” drawings, we must round up 
 Therefore, Andrew will cover all of his costs, and begin to earn profit when he sells his 15th 

drawing! 
 
 
6.  Assuming 35 weeks of drawing and selling 16 caricatures per week, at what capacity is 
Andrew operating at the break-even point?  Does this appear to be a risky venture? 
 
 Break-even quantity of 15  /  Max capacity of 560   =  .027, which is 2.7%. 
 Thus, Andrew will be operating at 2.7% of his maximum capacity to break-even. 
 This is low risk and he can break even well within his maximum capacity. 
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Additional Example (Optional—not tested in CON 170--looking ahead to CON 270): 
 
Notice how this example’s market research data is not perfectly linear (like CON 170 examples are).  
These data points do not fall on a perfectly straight line.  In examples like this, we use more 
advanced pricing tools to assess the “trend line” and the amount of variance from the data points to 
the trend line.   
 
Consider the following.  Our maintenance customer asked us to acquire 200 widgets.  We’ve 
worked together to accomplish market research.   
 

 
 
In building the price estimate with Microsoft Excel’s “scatterplot” tool, we see the trend line among 
the data points, as well as the estimating equation.  With this equation, we can estimate the price for 
200 units to be $637,200. 
 
This graph demonstrates the concept of linear regression analysis, which is taught in CON 270.  The 
main point is to see that the data does not fall on a straight line (not a perfectly “linear 
relationship”) like the other CON 170 examples.  This is more realistic to what we might find in 
conducting and plotting market research data.  We will learn how to account for such variance in 
CON 270.  Building this graph is not testable in CON 170, but provides an introduction and 
transition for your next level of training. 
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During a pre-proposal conference, one firm indicates they will sell us 200 units for $925 each, for a 
total price of $185,000.  Through the discussion, it is clear the firm understands the requirement, and 
is considering terms and conditions similar to previous purchases.  Clearly, this price is significantly 
lower than we would expect.  Based on the graph below, do you have any concerns? 
 

 
What should you do to determine if this is a rational offer under a market penetration type 
strategy, or an irrational offer under a “buy-in” strategy? 
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• Based on your price history, and the estimating line: 

- What are the fixed costs:  $486,000 
- What are the variable costs:         $756 
- Selling price:          $925 

 
• What is the contribution income: 

- CI  =  (Ru  -  Vu) (Q) 
- CI  =  ($925  -  $756) (200 units) 
- CI  =  $33,800 

 
 

• With a positive contribution income, it’s possible the pricing strategy is rational.  However, 
at 200 units, we see the contractor cannot cover his fixed costs.  Thus, we would need to 
ask/investigate: 

- Has the contractor offered at this price before? 
- Is the contractor covering all his variable and fixed costs?  Perhaps he has many 

other orders, and can cover all his variable and fixed costs, and still make a profit.  
Perhaps he received a grant, free equipment on a trial basis, and can offer us a one-
time good deal at this price. 

 
• This example’s “trend line” was plotted by Excel, but you can  can infer the trendline by 

looking at the pattern of data points on the graph.  You will see it follows a similar pattern to 
the previous examples of a trend line, and that the trend line can be represented by an 
equation which includes fixed and variable cost elements. 

 
• Market research should give the contracting officer an understanding of a reasonable range 

of pricing, including how “low” of a selling price the Gov’t should reasonably expect to pay. 
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LESSON SUMMARY 
2.1 Demonstrate the ability to execute fundamental, quantitative pricing skills. 
 

• Lesson 1  --  Compute fundamental quantitative problems 
• Lesson 2  --  Price Indexing – (ELO 2.01)  Use Price Indexing to make price adjustments 

necessary to analyze price and cost information collected over a period of time. 
• Lesson 3  --  Analyzing Data Shape, Center, Spread and Trend – (ELO 2.02)  Given a set of 

data, Analyze Data Shape, Center, Spread and Trend  characteristics. 
• Lesson 4  --  Net Present Value – (ELO 2.03)  Given a set of data, calculate the Net Present 

Value of the given data. 
• Lesson 5  --  Cost Estimating Relationships – (ELO 2.04)  Given Market Research data, 

calculate and identify reasonable Cost Estimating Relationships 
• Lesson 6  --  Cost Volume Analysis – (ELO 2.05)  Through Cost-Volume Analysis, 

recognize the nature of fixed, variable, semi-variable and total costs, and develop a price 
estimate. (ELO 2.06)  Through Cost-Volume Analysis, determine a proposed price to be 
rational or irrational with respect to a “buy-in” seller strategy. 

• Lesson 7  --  Cost Volume Profit Analysis – (ELO 2.07)  Through Cost-Volume-Profit 
analysis, recognize the nature of profit,   revenue, contribution income, and calculate the 
contractor’s “break even” point  
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