


		On the Value of Cost Estimating Accuracy 


		Under  Conditions of  Competitive Bidding





	An article entitled, "The Cost of Doing Cost Estimates," by Remer and Buchanan, was published in the March 1993 issue of Cost Engineering (1).  In that article, the authors depicted a relationship between an estimate's accuracy and its attendant cost to produce for a specific application (estimates of a $3 million project in 1990 dollars in the chemical industry).


  Table 1. containing results from their article, illustrates that more accurate estimates cost more to produce.  





					Table  1





		Estimating Accuracy and the Cost of Producing Estimates





	Estimate	Cost to produce estimate/


	.  accuracy  	.project's estimated cost   


	+ / -	 4%	6.0%


	+ / -	 6%	3.8%


	+ / -	10%	1.7%


	+ / -	14%	0.9%


	+ / -	20%	0.5%		


	+ / -	30%	0.2%





	Given the range of costs shown and an estimating manager's option to choose estimating methodologies within that range, one could ask, "which level of accuracy should be chosen?"  Or on financial grounds, one could ask,  "what are the financial benefits to a company using more accurate estimates?"  Without such financial benefits, an estimating department might find itself through budget restrictions, pressed to get by with less accurate cost estimates which are cheaper to produce.   With a financial benefit, a profit-supporting choice could be made.  For a specific set of circumstances, namely competitive bidding of fixed price contracts, a financial benefit resulting from increased estimating accuracy could be derived. 


	Let's idealize the situation by forming a game.  This game is between two companies competitively bidding fixed-price contracts. This game requires a special pair of dice, one with 6 sides  and one with 12 sides.  The 6-sided die represents estimate variation in the estimating process of company A, that is, its accuracy.  This 6-sided die (estimating process) has a standard deviation of 1.71 about a mean of 3.5.  Similarly, the 12-sided die represents the estimating process variation of company B.   Its standard deviation is 3.45 about a mean of 6.5.


	In this game, both companies are delivering equivalent products with equivalent internal efficiencies.  Their actual cost to produce the deliverable product is $20, and the customer's choice of bidder is based entirely on the price bid.  During the course of the game, there are 10 head-to-head competitions between these companies, and for both, the cost basis of their bids equals on the average,  their average actual cost.  That is, they do not, on the average, either overestimate or underestimate their costs.  The estimated cost in this bid competition is their average cost, $20, plus their respective estimate variation, simulated for each competition by rolling the dice.  As an example, this idealization assumes that the proposed profit margins for each company's bids is 20 percent.








	


	When a company with poor estimating accuracy wins a competition, it tends to win with a lower bid than a company with better estimating quality.  When it bids higher, it loses the bid competition and has no opportunity to realize a higher profit that would compensate for its loses from wins at a lower price.  The result of this nonlinear effect is proportionately higher profits for the company with more accurate estimates.  This additional profit is due to the relative difference in the companies' respective estimating accuracies.  This is the case despite the fact that the companies have the same market share and the same average proposed prices.  Of course, these 10 paired dice rolls do not constitute a sample size yielding significant results, but are presented here to describe the simulation mechanism.  


	To calculate a reliable relationship between estimating accuracy and profit under conditions of competitive bidding, a computer simulation was formulated and run.  In this simulation, a 1 sigma variation of company A's estimates was fixed at 10 percent, while company B's accuracy was allowed to vary over a range of 2 to 30 percent.  Cost estimates were selected from normal distributions of random numbers rather than from the flat distributions as used in the dice example.


	One thousand bid competitions were run through the range of estimating accuracies, that is at 2 percent, 4 percent, 6 percent, . . ., 20 percent and 30 percent for company B, while holding company A's accuracy at 10 percent.  The average profit and price were calculated for bids won by company B at each interval of its potential estimating system's standard deviation.  Similarly, the average profit and price were calculated for bids won by company A at its estimating system's standard deviation of 10 percent.  As in the case of the dice example, the market shares of the companies were not significantly different.  Table 3 shows the results of the simulation runs.








	Returning to the data developed by Remer and Buchanan, we can recreate the table showing the relationship between estimating accuracy and cost of producing a cost estimate, while adding from the above simulation results columns for profit and net profit (see table 4).  In this table, however , the cost to produce estimates is being compared to profits from bids won.  Since in this simulation, company B wins only half of the bids it proposes and estimates, the cost to produce an estimate for a winning bid is doubled from that shown earlier.


 	Under the conditions of this example, the simulation indicates that using an estimating methodology whose recurring costs are from 1.5 to 4 percent of project cost (twice these values when calculated on the basis of a winning bid as in table 4), with associated estimating accuracies ranging from 5 to 10 percent, will maximize profit.


	In general, the simulation mechanism illustrated here can be used to quantify the elasticity of issues affecting the winning of competitive bids due to estimating accuracy.  Using this simulation approach cost performance, profit margins, number of competitors, market shares, and contract types of specific competing companies can be simulated to produce a relevant result.


	The quality improvement movement has emphasized the economic importance of reducing process variation.  The literature is populated with examples of often dramatic cost reductions associated with reduced process variation.  The mathematical means to determine, before the fact, the likely cost effect of reduced variation are, however, less well publicized.  The coupling of process variation with a nonlinear system, e.g. estimating accuracy and the bidding process, has generated the cost interrelationship in this analysis.  Similarly, for other nonlinear processes, simulations of their variation, coupled with their consequences, will yield their cost interrelationship, providing a means to determine the potential economic benefits of variation-reducing process improvements. 














					Table  1





		Estimating Accuracy and the Cost of Producing Estimates





	Estimate	Cost to produce estimate/


	.  accuracy  	.project's estimated cost   


	+ / -	 4%	6.0%


	+ / -	 6%	3.8%


	+ / -	10%	1.7%


	+ / -	14%	0.9%


	+ / -	20%	0.5%		


	+ / -	30%	0.2%




















					Table  2





				Illustration of Dice Game





	   .                   COMPANY  A                    	.              COMPANY  B                      .  


	throw	adj.	est.cost	price	winner	actual	profit	throw	adj.	est.cost	price	winner	actual	profit





	1	3	3.5	$19.5	$23.4				2	6.5	$15.5	$18.6	w	$20.0	-$1.4	2	2	3.5	$18.5	$22.2	w	$20	$2.2	10	6.5	23.5	28.2	 	 	 	3	1	3.5	$17.5	$21.0	w	$20	1.0	6	6.5	19.5	23.4	 	 	 	4	6	3.5	$22.5	$27.0				7	6.5	20.5	24.6	w	$20.0	4.6	5	2	3.5	$18.5	$22.2	w 	$20	2.2	1	6.5	23.5	28.2	 	 	 	6	4	3.5	$20.5	$24.2	 	 	 	5	6.5	18.5	22.2	w	$20.0	2.2	7	6	3.5	$22.5	$27.0	w	$20	7.0	11	6.5	24.5	29.4	 	 	 	8	4	3.5	$20.5	$24.6	w	$20	4.6	10	6.5	23.5	28.2	 	 	 	9	5	3.5	$21.5	$25.8	 	 	 	2	6.5	15.5	18.6	w	$20.0	- 1.4	10	4	3.5	$20.5	$24.6	 	 	  	2	6.5	15.5	18.6	w	$20.0	- 1.4	Total			$202.0		5	100	$17.0			$200.0		5	$100.0	$2.6	Average		$20.2		 	20	17.%			$20.0		5	$20.0	2.6%		











					Table  3





				Results of Simulation Runs





	   .     COMPANY  A           	.      COMPANY  B         .  


	Ratio of


	Run	(	price	cost	profit	(	price	cost	profit	( B   to  ( A


	1	2%	$1.147	$1.0	14.7%	10%	$1.073	$1.0	7.3%	.2			2	4%	$1.139	$1.0	13.9%	10%	$1.069	$1.0	6.9%	.4		3	6%	$1.132	$1.0	13.2%	10%	$1.084	$1.0	8.4%	.6		4	8%	$1.111	$1.0	11.1%	10%	$1.084	$1.0	8.4%	.8


	5	10%	$1.089	$1.0	8.9%	10%	$1.087	$1.0	8.7%	1.0			6	12%	$1.080	$1.0	8.0%	10%	$1.106	$1.0	10.6%	1.2		7	14%	$1.157	$1.0	5.7%	10%	$1.105	$1.0	10.5%	1.4		8	20%	$1.001	$1.0	.1%	10%	$1.118	$1.0	11.8%	2.0


	9	30%	$0.907	$1.0	-9.3%	10%	$1.129	$1.0	12.9%	3.0








�






	Figure 1 is a graph of this data.  The profit margin of company B is graphed as a function of the ration of standard deviations of the estimating systems of the competing companies.
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	Figure 1   -   Profit Margin as a Function of Relative Estimating Error

















					Table  4


	Recreated Relationship Between Estimate Accuracy 


	and Cost of  Producing a  Cost to produce





	Estimate	Cost to produce	Profit	Net


	accuracy 	winning estimate/	Profit


	.    .             	.project's estimated cost.	.        . 	.        .


	+ / - 	4%	12.0%	13.9%	1.9%


	+ / -	 6%	7.6%	13.2%	5.6%


	+ / -	10%	3.4%	8.9%	5.5%


	+ / -	14%	1.8%	5.7%	3.9%	


	+ / -	20%	1.0%	0.1%	-0.9%		


	+ / -	30%	0.4%	-9.3%	-9.7%
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