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TOTALING FOR PRECISION 

CCCC Newsletter: May 2004
This paper seeks to re-assure CEOs that approximate budget figures will provide better accuracy than expected in forecasting.  The accountant or CFO may be uncomfortable with the process but a total of ‘guesstimates’ is magically accurate.  The principle of “Totaling for Precision" says: in developing information, tables, data or evaluations the numbers that make them up do not have to be precise; yet, the total will be highly accurate.  

1. 
The Principle
If the quantity of numerical items in a list is long enough, the total will always be accurate to a practical level of acceptance despite the use of approximations for the individual numbers.  A corollary is that the longer the list of numbers, the greater the accuracy of the total.  In practical terms the list should be at least ten items in length.

2. 
A Result by Demonstration
Let us use a random list of numbers as an example:

          
72.39

          
44.97

           101.11

          
11.20

          
23.87

          
34.32

          
21.21

          
15.92

          
21.12

          
50.67

          
15.83

          
44.44

          
20.09

Total:  477.14     

Note: You might at this point, draw up your own list of random numbers and follow the processes herein using your information.

a.
First Approximation

To start the process, let us round off the second decimal digit.  (We are affecting approximately 1 part in 3 digit places, or 1 per thousand of the number.)


First Approximation     Original Numbers

          
72.4                

72.39

          
45.0                

44.97

           101.1               
           101.11

          
11.2                

11.20 

          
23.9                

23.87

          
34.2                

34.32

          
21.2                

21.21

          
15.9                

15.92

          
21.1                

21.12

          
50.7                

50.67

          
15.8                

15.83

          
44.4                

44.44

          
20.1                

20.09

Total:  477.0               
           477.14

Accuracy to original total: 99.97%

Conclusion:  Although the number 44.44, for example, has been rounded to 44.4 and its change is 0.04 in 44.44 or 0.09%, the total is affected by (100.00 – 99.97 =) 0.03%.  That is, the total offers a 3 times improvement in precision over one of its constituents (0.09% vs. 0.03%).

We continue with four more levels of progressively lower accuracy lists, b. through e, to demonstrate the point, in Appendix A in order to arrive at the summary below.
3.   Summary of the Examples

(Please see Appendix A for examples, b to e.)

Method                       Addition  Accuracy Variance



           of Total      of Total
a. Rounding 1st decimal   477.0   99.97%    0.03%
b. Truncating 1st decimal  476.6   99.89%      0.1%
c. Rounding at 1st digit     476      99.76%      0.2%

d. Truncating at 1st digit    471      98.71%      1.3%

e. Rounding at tens           460      96.41%      3.6%

That is, from example totals of ‘a’ to ‘e’ we move the accuracy of the individual numbers from 1/100 of a percent to the tens digits, it represents a shift of accuracy of the individual numbers by an order of 25%.  However, the accuracy of the total has shifted by less than 4%.  Even with a change of order of 25% in individual values, the total changes only 4%!

As stated before, to verify the validity of the above, choose your own group of numbers of any size or accuracy.  

Conclusion: The principle has been demonstrated that a group of numbers gives us leverage on accuracy by the very fact of its being a group.

4.   Why does it happen?

The answer will be found in the theory of numbers.  In general however, a series of approximate numbers will have errors that vary both positively and negatively.   When the approximate numbers are added together, a large enough group of them will balance the variances, producing a net variance less than we would intuitively expect.

5.   
PAVF Attitudes

This approach is valuable to, and applauded by, P’s and V’s who are in a hurry to get results. Strong A’s, however, will dismiss it as inaccurate, verging on chaos.  On the other hand extreme F’s will request that a committee discuss it rather than consider one person’s view.

6.
Applications

The power of this knowledge is that it lets us assemble information that is only approximate to and we can seem to magically convert it to come up with a result that is accurate.  This allows us to get on with procedures and processes even in the absence of accurate information.  We do not have to wait for the precise information to be developed; we will still get a good representation of the final result, far greater than the accuracy (i.e. "inaccuracy") of the component numbers.  While this knowledge has many uses, I will demonstrate its more common application to budgeting below.  As well, its application is demonstrated with assessments of types of automobiles (see Appendix B to this paper).

7.   Application to Budgets

While developing a budget, especially a new one, take the liberty of wildly guessing ((guesstimating)) those budget items that remain unknown.  For greater safety, ask the assembled group of people to collectively estimate a number.  But if you're alone, just take a guess.

           Monthly Overhead Budget for ABC Company

Half the budget numbers are known and half are estimated.


       Guess Stage    Accurate Stage, Later          Error


Telephone (known)      892                 892              

0

Salaries       
21,309 
       21,309              

0

New salaries   
12,000            13,201                           10%

Paper supplies       
     300                 342        
             14%

Postage                  
     467                 467              

0

Rent            
  1,233              1,233              

0

New amortization   
     400                 799              
           100%

Old amortization   
   1,111             1,111              

0

Equip rental         
      788                788              

0

Equip rent new       
      400                322        
             19%

Travel          
   1,300             1,506        
             16%

Profess fees         
      900                603       
             51%

Training             
      400                331                           34%

Internet/cellular    
      500                250          
             50%

Promotion          
   2,310    
         2,310              

0

Advertising        
   2,600  
         2,350         
             10%

Total                          46,910           47,814

Average error of individual guesses:               43%

Error of total numbers (46,910 vs. 47,814):    1.9%

The point is that later, when the ‘guesses’ become ‘known’, the difference will be only 1 or 2% in the totals.  In the meantime we have representative numbers we can work with and plan around.  Of course, using approximations may drive carefully thorough accountants crazy.    

Some years ago, as President of a company, I used to guesstimate each month’s financial statements this way, calculating my results on the last day of the month – i.e. with no time lag.  When my controller would appear with his precise statements ten days later, we would compare results which were always close.  On some occasions we were within $1 on $800,000-per- month statements.  Of course that was coincidence on my part.  He used to jokingly ask: “Why do you need me?” to which I responded. “You provide real accuracy and you provide credibility, not only to our bankers but to the employees here.”

8.  Conclusions

a.   A list of imprecise numbers will give an increasingly more precise total if the list is long enough.  Use this knowledge to your advantage.

b.   Be willing to guess at numbers to expedite problem solving or evaluation.  Precision by virtue of the length of the list will ensure a reasonable accuracy to move forward.

Bill Caswell

© W. E. Caswell, 1998-2004
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Appendices

Appendix A  -  4 More Levels of Approximation
b.   Next Level of Approximation

To be rougher, let us take the step of ignoring the second decimal digit by truncating it (which, mathematically, is a very careless action).

     Second Approximation     Original Numbers

          
72.3                

72.39

          
44.9                

44.97

           101.1               
           101.11

          
11.2                

11.20 

          
23.8                

23.87

          
34.3                

34.32

          
21.2                

21.21

          
15.9                

15.92

          
21.1                

21.12

          
50.6                

50.67

          
15.8                

15.83

          
44.4                

44.44

          
20.0                

20.09

Total:  476.6                              477.14     

Accuracy to original total:   99.89%

Conclusion:  Although the number 20.09, for example, has been rounded to 20.0 and its change is 0.09 in 20.09 or 0.44%, the total is affected by (100.00 – 99.89 =) 0.11%. That is, the total offers a 4 times improvement in precision over one of its constituents (0.44% vs. 0.11%).

c.   Third Level of Approximation

Now to be increasingly barbaric, let us round away the last two digits.

     Third Approximation     Original Numbers

          
72                  

72.39

          
45                  

44.97

           101                  
           101.11

          
11                  

11.20

          
24                  

23.87

          
34                  

34.32

          
21                  

21.21

          
16                  

15.92

          
21                  

21.12

          
51                  

50.67

          
16                  

15.83

          
44                  

44.44

          
20                  

20.09

Total:  476                
           477.14 

Accuracy of the original total of 99.76%

Conclusion:  Although the number 72.39, for example, has been rounded to 72 and its change is 0.39 in 72.39 or 0.54%, the total is affected by (100.00 – 99.76 =) 0.24%. That is, the total offers a 2 times improvement in precision over one of its constituents (0.54% vs. 0.24%).

d.   Level 4

Now let’s be really crude and truncate the last two decimal digits, without any rounding.


Fourth Approximation    Original Numbers

          
72                  

72.39

          
44                  

44.97

           101                 
           101.11

          
11                  

11.20

          
23                  

23.87

          
34                  

34.32

          
21                  

21.21

          
15                  

15.92

          
21                  

21.12

          
50                  

50.67

          
15                  

15.83

          
44                  

44.44

          
20                  

20.09

Total   471                  
           477.14 

Accuracy of the original total 98.71% despite the carelessness of truncation 

Conclusion:  Although the number 44.97, for example, has been rounded to 44, its change is 0.97 in 44.97 or 2.16%, the total is affected by (100.00 – 98.71 =) 0.29%.  That is the total offers a 7 times improvement in precision over one of its constituents (2.16% vs. 0.29%).

e.   Next Level

Let’s really be reckless and round the numbers to the tens digit.


Fifth Approximation    Original Numbers

          
70                  

72.39

          
40                  

44.97

           100                 
           101.11

          
10                  

11.20

          
20                  

23.87

          
30                  

34.32

          
20                  

21.21

          
20                  

15.92

          
20                  

21.12

          
50                  

50.67

          
20                  

15.83

          
40                  

44.44

          
20                  

20.09

Total:  460                

477.14 

Accuracy of 96.41% 

Conclusion:  Although the number 15.92, for example, has been rounded to 20 and its change is 4.08 in 15.92 or 25.6%, the total is affected by (100.00 – 96.41 =) 3.59%.  That is, the total offers a 7 times improvement in precision over one of its constituents (25.6% vs. 3.59%).

Appendix B

Using Approximations for Evaluating Performance

Using a set of parameters for measurement, it is also possible to approximate value or merit.  The example below compares three cars using three progressively more complicated scoring methods.  (As in the main text, substitute your own values, vehicles or parameters for verification.)

The Scoring

Method 1 - Score 1 to 3 for each parameter (0 being non-existent and 3 being ideal)

                           Car 1       Car 2             Car 3

                           (Porche)  (Corvette)     
(Pontiac)

Gas mileage             3         
0              
0

Cost                          0       
1              
3

Color choices           2        
2              
3

Acceleration             3         
3              
1

Cornering                 3         
2              
0

Braking                     3         
2              
1

Ergonometric            1         
2              
1

Interior room             1         
1              
3

Interior sound level   2        
2              
1

Prestigious feeling    3         
3              
1

Gear shifting             3         
2              
1

Trunk space              1         
0              
3

Seat comfort             3         
2              
1

Heating system         2      
3              
3

Maintenance record  2         
3              
2

          Total               30    
28        
           24

Result of ranking: Porche 1, Corvette 2, Pontiac 3.

Method 2 - Score 1 to 10 for each parameter (10 is ideal)

                        
Car 1     
Car 2          Car 3

                         (Porche)       (Corvette)    (Pontiac)

Gas mileage             10        
 0         
          3

Cost                           0       
 2         
        10

Color choices             7                7         
        10

Acceleration               9              10                    3

Cornering                 10        
 6                    0

Braking                     10        
 7         
          2

Ergonometric              4               6                     2

Interior room               4               3          
          6

Interior sound level   7         
6          
    3

Prestigious feeling  10        
8               1

Gear shifting           10        
9               2

Trunk space              3         
2             10

Seat comfort             9         
7               3

Heating system         7              10             10

Maintenance record  6         
8               6

          Total               106       
91        
    71

     Result:   Porche 1, Corvette 2, Pontiac 3.

Off the cuff observation: If you add $000 to each number you might say you have a relative value for the cars of $106,000, $91,000 and $71,000.  Obviously, at that rate, the dollars are close to the real purchase prices for the Porche and the Corvette.  The Pontiac looks like a steal!
Method 3 - Weighted score for each parameter

                           Maximum   Car 1   Car 2     Car 3

                               Weight    Porche  Corvette    Pontiac
Gas mileage       
3       
3         
0            0

Cost                 

10       
0         
5          10

Color choices      
2       
1         
1            2

Acceleration        
7       
6         
7            5

Cornering            
6           6         
5            2

Braking               
7       
7         
5            3

Ergonometric      
3       
1         
2            1

Interior room       
4       
1         
1            3

Interior sound level 
3       
2         
2            1

Prestigious feeling   
8       
8         
7            3

Gear shifting         
3       
3         
2            1

Trunk space           
6       
2         
1            5

Seat comfort          
7       
7         
6            2

Heating system        
4       
2         
4            4

Maintenance record    
7       
4         
3            5

          Total               

50        
46        37

     Result    Porche 1, Corvette 2, Pontiac 3

Car Score Summary

The three scoring methods are listed and then each ‘rationalized’ mathematically to compare not only the order of results (1, 2 & 3) but the numerical similarity of results.

Method    Porche   
Corvette  
Pontiac

1         
       30        
     28        
   24

2                106       
     91   

   71

3                  50                    46     
   37

Rationalized to 100 points for the leader

          Porche    Corvette  
Pontiac

1         100       
93        

80

2         100       
84        

66

3         100       
92        

68

The important result is the order of finish.  All methods yield the same result.  A secondary result is the relative score of each car with respect to the others.  From the rationalized score one can show that the variation among three different scoring methods average only 4.1%.

Observations of the Car Evaluations

a.   Some people go to great lengths to develop elaborate and objective evaluation systems.  But it doesn't matter.  As long as there are sufficient numbers of items compared (above 10), there will always be a representative result in terms of order of finish.  Any of the three scoring systems above yields the same result: Porche 1, Corvette 2 and Pontiac 3.

b.   With more than three candidate automobiles for comparison there may be some slight shifting of order as different scoring methods are used.  However, the shifting will take place in the centre, not at the extreme positions.  That is, #1 will most always be #1 and last will most always be last.

c.   Thus, keep evaluation systems simple.  It makes life easier, gets answers more quickly and yields the same general results as a complex evaluation system.

Bill Caswell

© W. E. Caswell, 1998 - 2004







































