
AN EMPIRICAL TEST OF THE EFFECT OF ASSET 

AGGREGATION ON VALUATICN 

ACCURACY 

By 

THOMAS WAI:.LACE HAl:.(. 

Bachelor of Business Administration 
University of Texas at Arlington 

Arllngton, Te:xas 
1914 

Master of Professioncl Accounting 
University of Texas at Arlington 

Ar 1~ ng ton, Texas 
1915 

Submitted to the Faculty of tne 
Graduate College of the 

Oklahoma State U~iversltY 
in partial fulfillment of 

the requirements for 
the Degree o:t 

DOCTOR OF PHILOSOPHY 
0 ec ember 198 0 



AN EMPIRICAL 'l'ES T Of 'l'H E EFF EC '1' OF ASSET 

AGGREGAr ION ON VALUA Tl 0~ 

ACCURACY 

1'hesl.s Approved: 

11 

10'19612 



ACKN OIILEDGMENTS 

I wish to express my appreciation to the member.s of my 

dissertation committee, ana in ~artlcular to lts chairman, 

James R. Boatsman, for the·ir assistancE. My appreciation 

also eKtends to all the tirms who contributed data to the 

study. I also thank Professor ~1ltor. T. Anderson for 

generously supporting this project through the allocation of 

computer funds. 

111 



Chapter 

I. 

II. 

III. 

I v. 

v. 

TABLg OF CONTENTS 

I NT RODUCT ION • • • • • • • • • 

Objectives of tne Study • 
Contributions •••••• 
Organizatlon of Study •• 

• 

• 
• 
• 

• • • 

• • • 
• • • 
• • • 

• • 

• • 
• • 
• • 

Page 

• • • • 

• • • • 
• • • • 
• • • • 

1 

4 
5 
6 

LITERATURE REVIE~ • • • • • • • • • • • • • • • • 8 

Summary • • • • • • • • • • • • • 

METHODOLOGY • • • • • • • • • • • • • 

Collection of ~timary Data ••• 
Generat1on of Intermeciate Dc:ta • 
Calculation ot Probabilities •• 
H y p o tn es es • • • • • • • • • • • 
Method of Analysis ••••••• 
Limi ta tj,. ons • • • • • • • • • • • 
Summary •• • • • • • • • • • • • 

RESULTS OF STUDY • • • • • • • • • • • 

Analysis of Data Groups 1 and 2 • 
Analysis of Data Groups 3 and 4 • 
Prediction Intervals • • • • • • 
Summary of Results • • • • • • • 

• • 

• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

• • 
• • 
• • 
• • 

• • • • 15 

• • • • 18 

• • • • 18 
• • • • 3 0 
• • • • 35 
• • • • 3 '1 
• ••• 39 
• • • • 41 
• • • • 42 

• • • • 

• • • • 
• • • • 
• • • • 
• • • • 

45 

45 
11 
80 
89 

SUloiMARY AND CONCLUSIONS • • • • • • • • • • • • • 9 2 

Summary of Research •• 
Cone lusi ons • • • • .. • 
Implications for Future 

• • • • • 
• • • • • 
Rese c:rcn 

• • 
• • 
• • 

• • • • 
• • • • 
• • • • 

92 
93 
94 

BIBLIOGRAPHY • • • • • • • • • • • e • • • • • • • • • • 96 

APPENDIX - Bl~S AND MSE FIGURES • • • • • • • • • • • • 9 8 

1V 



LIST OF TAELES 

Table P.Ege 

r. El ectr 1c Firms • • • • • • • • • • • • • • • • 20 

II. Gas Firms • • • • • • • • • • • • • • • • • • • 21 

III. Telephone Firms • • • • • • • • • • • • • • • • 22 

IV. Water Firms • • • • • • • • • • • • • • • • • • 23 

v. Asset Accounts • • • • • • • • • • • • • • • • 25 

VI. Electric Asset Proporticns • • • • • • • • • • 26 

VII. Gas Asset Prop or tl ons • • • • • • • • • • • • • 27 

VIII. Telephone Asset Proportlor:s • • • • • • • • • • 28 

I.X. Water .Asset Proportions • • • • • • • • • • • • 29 

x. Analysis of Electric Price Oat a • • • • • • • • 31 

xr. Analysis of Gas Plr ice D 'ta • • • • • • • • • • 31 

XII .• Analysis of Telepnone Price Data • • • • • • • 32 

XIII. Analysis of Wate·r Price Data • • • • • • • • • 32 

XIV'. P oss1o le C onf1 gu ra t1 ons f cr Five Assets ABC DE • 34 

xv. Summary of Hypot neses • • • • • • • ·• • • • • • 40 

xvr. Group 1- Electric Data • • • • • • • • • • • • 46 

XVII. Group 1- Gas Oat a • • • • • • • • • • • • • • • 47 

XVIII. Group 1- Telephone Data • • • • • • • • • • • • 48 

XIX. Group 1- Water Data • • • • • • • • • • • • • • 49 

xx. Group 2- Electric Data • • • • • • • • • • • • 50 

XXI. Group 2- Gas Data • • • • • • • • • • • • • • • 51 

XXII. Group 2- Telephone Data • • • . • • • • • • • • 52 

v 



XXIII. Group 2- Water Data • • • • • • • • • • • • • • 53 

XXIV. Results of ANDV .. • • • • • • • • • • • • • • • 54 

xxv. Comparison Mean Probabilities • • • • • • • • • 56 

XXVI. Industry Average P robab 111 ties • • • . . . . . • • 60 

XX VII • Variance of Asset Proportions by Industry • • • 62 

XXVIII. Group 1 Firm Ave rage Pr cb abilities • • • • • • 63 

XXIt. Group 2 Firm Average Pr cb cblli ties • • • • • • 64 

xxx. Group 1 Firm Average Pr cb abll1 ties for the 
Fineness and !i on-f ineress r-!ethods • • • • • • 66 

XXXI. Group 2 Fl. rm A v e r a g e Prcbab1l1 t1es for the 
Fineness and Non-Fineress Methods • • • • • • 61 

XXXII. Group 1 firm Average c on:p crl son Probabilities • 68 

XXXIII. Group 2 Firm Average Conparlson Probabilities • 69 

XXXIV. Group 3- E lectrl c Data • • • • • • • • • • • • 72 

XXXV. Group 3- Gas Data • • • • • • • • • • • • • • • 73 

XXXVI. Group 3- Telephone Data • • • • • • • • • • • • 74 

XXXVII. Group 3- P! ater Data • • • • • • • • • . .. • • • 75 

XXXVIII. Group 4- Electric Data • • • • • • • • • • • • 76 

XXXIX. GrouP. 4- Gas Data • • • • • • • • • • • • • • • 11 

XL. Group 4- Telephone Data • • • • • • • • • • • • 78 

XLI. Group 4- Water 0 at a • • • • • • • • • • • • • • 79 

XLII. Group 3 Average Prooaoillties • • • • • • • • • 81 

XLIII· Group 4 Average P1r oo ao ili ties • • • • • • • • • 82 

XLIV. One Index Aosolu te Bias • • • • • • • • • • • • 84 

XLV. One Index t-!SE • • • • • • • • • • • • • • • • • 85 

XLVI. Prediction Inter-vals As .suming Normality • • • • 87 

XLVII. Chebyshev Prediction Intervals • • • • • • • • 88 

vi 



LIST OF FIGURES 

F lgure Page 

1. Comparison and Industry Interact1ons ••••••• 58 

2. Method and Industry Interactions ••••••••• 59 

v11 



CHAPTER I 

INTRODUCTION 

Over the past two decades the worlrl nas experienced a 

significant increase in the general price level. In the 

United States, the Urban-e onsumer PLrice Index increased from 

81.9 in January of 1960 to 204.1 in January of 1979 

(Statement of Financial Accounting Standards No. 33, p. 

126). Tnis economic phenO!llenon bas precipitated an ongoing 

debate concerning possible inadeqlJacies ct financial reports 

and taxation laws based on historical costs. 

Certain proposed solutions hc:ve centered around various 

methods of asset revaluation. Statement of Financial 

Accounting Standards No. 33 has uandateo tnat firms meeting 

certain size criteria must disclose C]eneral price level 

adjusted and current cost financic:l information beginning in 

1980. With respect to current cost disclosures, at least 

t .. o implementation questions are suC]gestea. 

1. What valuation estimation scheme (direct apprc:isal, 

market quotation, price ir.dices) should be used?& 

2. What level of asset aggre~ation should oe used? 

Two American .Accounting Associaticn committees {1964 

and 1966) have proposed tnat direct methods of valuation 

estimation {appraisal, mar.Ket quct.ation) are theoretically 

1 
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preferred; but adjustment by price indices has been 

recommended as a surrogate. The report of the United 

Kingdom Inflation Account1 ng Committee ( Sandil ands, 1575, P• 

240) recommended that index numbers be used as the principal 

method of revaluing plant, macnirery, stocks, and ~ork in 

progress. A study by Arnold and Huefner (1977) tested the 

correlation between actual 1nventory mcterial replacement 

cost prices and prices estimated from price indices. Tney 

concluded that, due to a relatively nigh correlation 

(approxlmately .5) between tne e~tlmates and actual prices, 

the use of indices to estimcta replacement costs of 

inventory materials could be JUstified. 

Electric utilities in the United Stctes nave used price 

indices for many years in revaluing their rate base for 

regulatory rate-making purposes. A survey by Artnur 

A.ndersen & Co. {1977, p. 13), regarcing compliance with 

Accounting Series Release No. 190, nas shown that in 1916, 

36% of surveyed companies relied primarily on indexing to 

calculate replacement cost for productive ca[>ac1 ty. A 

similar studY by Arthur Young & Cc. (1971, P• 10) disclosed 

that 31% of surveyed companies made extensive use of 

indexing in calculating replcclment cost disclosures 

mandate-d by ASR No. 190. Based o.n the experience of ASR rio. 

190, it seems that indexing will oe c likely method of 

compliance with Statement of Fincncial Accounting Stsnoards 

No. 33. 

The second implementation GUestion to De adoressed 
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concerns the level of asset aggrec;;ation. How detailed must 

asset revaluations be to achieve a suitable level of 

accuracy? Restated, tile question is, given that price 

indices will probably be used tor many asset revaluct~ons, 

how many price indices should te used? 0 n a pr c:gmatic 

level, this question has been detated often between certain 

supporters of general price level restatements (one index) 

and supporters of specific pricE level restatements (many 

indices). 

Multi-index proponents assert, "Cgereral price indicasJ 

may oe too broad to be meaningful for approximating the 

current cost of specific assets ot a [:articular ccmpany" 

(Arthur Andersen & Co., 1979, P• 21). Revsine and Weygandt 

(1974) have argued that 

Uniform reliance on general price irdices as an 
intlation adjustment mechanism can lead to 
adJustments that do not conform to the specific 
purchasing power change experienced oy individual 
firms (and thusJ using genercl price level indexes 
to adjust individual firm's linanc1cl statements 
may give rise to misleading inferences (p. 76). 

Alternatively, proponents of s 1ngle index asset 

r estatem en ts suggest using 11any indices may not 

significantly improve revaluation accuracy. B oersema ( 1914, 

P• 29) has suggested that when changes in specific prices 

are highly correlated wi tn chanC]es in the general price 

level, "Cone may considerl tne Pllblication of general price 

level adjusted costs as surrogates for current values."2 

Boersema•s position is based in part or the resultll of a 
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study by Dockweiler wherein replc:cement cost balance sheet 

data were found to be very similar to 9eneral prlce level 

adjusted balance sheet data (clted in B cersema, 1974, P• 

2 9). 

Pragmatically, multi-index proponents concede that 

CiihenJ general price levels tend to move 1n tandem 
with an en~i~y•s own unique ~urcnasing power, 
general price level adjustments would be useful, 
not because general i;)rlce level adjustments are 
relevant per se, but ratner because tne general 
price level adjustments woulo tend to give the 
same results as do tne theoretically correct 
specific adjustments (RevslnE and weygandt, 1974, 
P• 77) • 

Part of this debate centers on corcern cs to whetner 

restatement accuracy lS si~nificantly 1mproved by 

dis aggregation. If accuracy can be imp roved by 

disaggregation, the research concern is that of selecting a 

suitable set of disaggregated lncices. However, there is 

limited eviaence in the accounting literature tha~ no one 

particular set of di saggre gated indices can obtain a minimum 

valuation error for all individual compa r1es (Sunder, 1978). 

Objectives of t.t:e Study 

Sunder (1978) has shown by counter example tnat 

increasing tne number of prlce indices used does not 

necessarily improve valuation accuracy. That is, in certain 

cases a revaluation of "p" assets p erformeel usir.g "m" 

indices may be more accurate ttan a similar revaluation 

performed using "n" indices (m<n<J?). A critical question to 
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be addressed is, " how liKely is such a result?" 

An analogy may be useful in emphasizing the importance 

ot the previous question. Consider, for example, the 

pnysical act of tossing a coin. Generc:lly, we tnink that 

there are two possible outcomes; ei tn Er he ads or tails. 

Actually there is a third possitle res~lt. The coin may 

land on its eage. Pragmatically tnough, because this third 

outcome .1s highly unlikely, 111e tend to ignore it as a 

possible result. Likewise, the primary concern herein is to 

determine the likelihood that an "n" incex system would be 

more accurate than a "m" index system. 

More specifically, the primc:ry objective of tnis study 

is to offer some empirical evidence as to 111hether or not 

"n" index valuation is consistently mer€ accurate then .. m" 

(m<n)· index valuatipn. A second object iva is to assess the 

extent to which "n" indelC valuc:tion 1s significantly more 

accurate than "m" index valuation. Botn ot>jectives are 

addressed at the industry and firm level. 

Con tr iouti ens 

The study makes at least ttree ccntrioutions to the 

literature. F'irst, the study 1ndicates the extent tc 111hich 

accuracy is lmproved by increas 1ng the numo er of indices 

used in revaluations. Secondly, the results provide an 

indication as to whetner or not c <nclus 1ons can be 

general1zed across firms wlthin an 1nd~stry ana/or across 

industries within an economy. Finally, the study provides 
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some empirical evidence as to hew often the use ot more 

indices results in a materially mere acc~rate result. 

Organization ot Study 

Chapter II presents a revieli of prior works that have 

addressed research questions related to those stated in the 

study oojectives. 

Chapter III details the study methodology and discusses 

its related limitations. Also, hypctneSES are presented and 

their significance discussed. 

In Chapter IV the study tesults are presented and 

analyzed and the implications of the res~lts are disclJssed. 

Chapter Y presents a summery of the study and its 

conclusions. Additionally, suggestions tor further research 

are presented. 



NOTES 

'-A different categorization of cost estimation methods 
111ay be found in Brinkman ( H 77). He dis cusses tour methods; 
dlrect pricing, unit pr1c1 ng, functional pricing, and 
indexlng. 

2 ffohl (1977, p. 47) nas noted that 2 strong correlation 
between two price indices does not imply that one index is. a 
good substitute for the other. T.te neceEsary and sufficient 
conditions for perfect suostitutability of two price indices 
is that their natural logar1thrns wust be perfectly 
correlated and that the regression slope parameter, derived 
from a regression of one 1nctex•s natural logarithms on the 
other index•s natural logarithms, must oe equal to one. 

1 



CtiAPTER II 

LITERATURE REVIE~ 

This chapter reviews the works ot tour author.s whose 

previous studies addressed research questions similar to 

those stated in Chapter I. This review begins with a brief 

discussion of Tritschler (1969), Peasnell and Skerratt 

(19'17), and Hohl (19'17). Tne rEView ccncluaes with a more 

exhuastive review of Sunder (1978). Sunder's study is 

reviewed l.n greater detall because the methodology ot tile 

current study (discussed 1 n Chapter II 1) was n ased mostly on 

Sunder• s work. 

Tritschler (1969) was the first known researcher to 

aadress empirically the problem ot asset aggregation c:nd the 

use ot price indices. Tritschler used tne prlce !IIOVements 

for macninery and equipment from the wnclesale P.rice Index 

( INPI) to study two research questlons. 

1. How can price indices be constructed so as to 

minimize sampling error11 

2. How can asset revaluation error be min 1m iz ed? 

The stuay noted that sam~ling error could be controlled by 

increasing sample size. A sec one conclusion was tna t asset 

r evaluation err or could oe ccntrolled by a judicious 

grouping of assets so as to reduce price change dispersion 

8 
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within .asset groupings. Based en his results, Tritschler 

questioned whether disa ggregat 1on o t asset groupings 

appreciably improves revaluation .accuracy. r his result t~as 

due in part, to significant prtce dlspersion withln WPI 

asset sub- groups. 

I.n 1975, the report of the United Kingdom I.n.tlatlon 

Accounting Committee was puolisheo. Reccmmendations of tnat 

report included a call for current cost accounting and an 

advocacy that indexing wltn ninete6n price indices oe used 

as the principal method of revaluing plant, rna c ni ne r y, 

stocks, and work in progress. The r.ineteen indices were for 

lfartous industry areas. Tney are listed below. 

Road tr ansp or t 
Mining, quarrying 
Agriculture 
Food, drink, tobacco 
Oil, chemicals 
He tal manut ac ture 
Engineering 
Vehicles 
Textiles 
Paper 

Bricks 
Construction 
Elect riel ty 
fos t cfflce 
fet ro leum 
Retailing 
Other wholesaling 
Insur snce 
Other services 

The stated purpose of a anctner study <P~asnell and 

Skerratt, 1977) was to present empirical evidence concerning 

the commonalitY among tne SEt Of nineteen o.tfiClal 

government Price indices of caplt.cl experditure on plsnt and 

macniner y. That is, they attempted to answer the question, 

"what information is provided by the nineteen detailed 

indices as compared witn. a str:gle index constructed to 

incluoe all nineteen in.austriesl" The tecnn1que used to 

answer the research question was principal components 

analysis. 
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If the first princil?al compcnent accounted for a high 

proportion of the variation ln the nineteen indices, the 

implication would be that tne movement ot the n1neteen price 

indices could be well approximatec by a single price index. 

I . .t tne .first principal component accounted .tor a low 

proportion o.f the variat1 on in the nineteen 1nC1ices, the 

implication would be that several price indices were needed 

to achieve a certain level of val~ation cccuracy. 

Based on twenty-seven years of price change data for 

the nineteen industry specific price indices, Peasnell and 

Skerratt found that the first principal component accounted 

for 98.3% of the overall price ~ariaticn in the group of 

nineteen indices. (This hi gn perc entag ~ of p r1ce variation 

accounted for by a single com~onent was due to price 

~ovements common to all nineteen indices general 

inflation.) Peasnell ana Skerratt interpreted tn1s to mean 

that the entire nineteen separate price indices were not 

Wl. tn 1n unspecified needed to achieve valuations 

accounting mate·riality lilllits. 

that were 

lllstead, they concluded tnat 

a mucn smaller number 

reasonable level of 

of price indices could acni&ve any 

accu.racy oesired for acc<Junting 

revaluations. 

A Simulation study oy H chl (1 S11) attempted to 

determine wnether general price level adJustments 

approximate current replacemert costs 1n financial 

statements. Using a sample of s1xty-twc price indices from 

tne Bureau of Labor Statistics Wholesale Price Series 
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·covering a ten year period, Hohl attempted to measure the 

extent to which a general price index surrogates indivldual 

price indices, homogenous grou~s of price indices, and 

heterogenous groups of price indices. The groups of price 

indices were of varying sizes frcm one to ten; and w1tnin 

each group all individual price indices t~ere given equal 

weight. 

Hohl concluded that indiviaucl price indices were, on 

average, not 111ell surrogated by a general price index. A 

second conclusion was that, in grcups ot four or more, both 

lleterogenous as well as homogenous groups were well 

surrogatea by a general price inclEx. Further, as group size 

increased, the general price index surrcgation of the group 

movement improved. 

Until 1979, no researcher ~ad developed an analytical 

structure capable of comparing asset revaluation error 

resulting from the use of various numbers of price indices. 

That year however, Sunder. (1978) reported tne results ot his 

development of such an analytical structure. 

Sunder began by assigning the tollowtng structure to 

asset revaluations: 

Let VO = beginning of period valuation of total 

Then 

where 

Vl = 
Vl = 

R* = 

assets, and 

end of period valuation of total assets. 

VO ( 1 + R*) 

actual percentage change in valuation ot 

total assets from the beglrming to the end of 
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the period (assuming the quantitY of total 

assets remains unchc:nged). 

H av in g d ev el op ed a struct\Jre for revaluation, two 

alternative measures of revaluation error were introduced 

and defined as follows: 2 

Bias = Expected value (R - R•), end 

MSE = Expected value (R - R•) ( R - R•) , 

where R = estimated t> er c en t a g e of change 1n valuction 

of total assets compute cl oy a particular 

c onfi gurat1 on of price 1nc1ces. 3 

Sunder next formulated an expressicn to compute R for 

each possible configuration of price indices. For example, 

assume we have 11n" assets in an econo rry of ••m" f 1 rms and 

associated with these assets are the tol lowing vectors. 

(I) = 

w 
-j 

r = 

W] a vector of value wei gnts of asset 

,. 1 •• tor specific firm II jt1 I where 

(I) .. 1 .. ::1,2 , ••• , n, and 11j 11 ::1,2, ••• ,11, n 

'W a vector of value weights of asset 
I 

,. i•• in the economy 
w 

::t, 2, ••• ,n, n 

rl 
a_ vectqr of 

of asset 

r ::1,2, ••• ,n. 
n 

and 

percentage 

''1 ••. , 

wnere "i" 

value change 

where "i" 

Now if these vectors are partitioned into subvectors to 

correspond to a partie ul ar set of price 1 ndices (a 

conf igur at ion): 



w. = 
-J 

"' -1 

~2 

w 
-u 

w 

~1 

122 

w 
-u 

r = -

so that :'u = suovector of asset val\Je weights for a 

:1 

!:2 

r 
-u 
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specific firJD and fer assets grouped in price 

index .. u .. , wn ere "uu = 1, 2, ••• , .lc , 
w .:: suo vector of asset val\Je weights 1n the -u 

economy, and for as~ets gr cuped in price index 

.. u .. , wnere "u .. =1, 2, ••• ,lc , and 

r = suo vector of percent.cge val\Je changes for 
-u 

assets grouped in price index "u ", where ''u" 

=1, 2, ••• ,k • 
k w' 

L 
e 

Then R = -u w' , r 
w' -u -u 

u=l 
e 

-u 

where 1<. = the number of price lnd 1c es us Ed, and 

e = a v e ct or o f un 1 t e 1 em en t s. 

If we assume a particular set of lliean (annual) price 

changes, denoted !J, and a related variance/covariance 

matr 1x, denoted r: 

2 
ul 01 cov12 covin 

u2 2 
u = r = cov21 02 . . . cov2n 

u 2 
n cov . . . 0 nl n 



14 

Then tor a particular con f1 gur at ion ot a •• k .. index system 

(Ukll may vary from 1 to "n•• ), Bias and MSE for a specific 

firm can be computed as:• 

( ~ 
k 

~ )'~ Bias = - , and 

MSE ( 
k >" r 

k k k = w - w ( "'' - w ) + ( w - w )'!:!!!'('If ) , - - - w 

w 
- 1 

e 

!:11 , 
e 

k 
where w = 

~1 -
• 

k 
The vector w 

~k 

cont.ains 11 k .. suovectors and has an overall 

dimension of n x 1. Similar f<lrmulas were developed for 

economy wide measures of B~as and MSE. 

Using these formulas, Suncter provec by counter example 

the following: 

1. For a specific firm, Bias and MSE do not necessarily 

decrease with increasing the numter of price indices 

or their fineness.s 

2· On an economy wide average, all index configurations 

have a Bias of zero, c:nd average MSE ctoes not 

necessarilY deer ease w1 ttl lncre c:sing tne number of 

price indices; but it does deer ease with increasing 

index fineness. e 
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Summary 

The evidence reviewed indicates thct few price indices 

may be necessary to achi:EVE reasonably accurate 

revaluations. Surprisingly, Surder• s study 1ndicat es tnat 

in some cases, a fewer numner of Price indices may actually 

result in a more accurate revaluation. 7 

To address the study ob.)ecttves stated 1n Chapter I, 

Price Clata were gathered and using Sunder•s formulas, 

probabilities were developed thc:t indicate tne extent to 

which increasing the numoer of price indices used improves 

revaluation accuracy. Cnapter III describes more fully the 

collection of data and the methodology ~sed to generate the 

probabilities. 



NOTES 

1pr ice indices are usually ccnstruc ted from a safliple of 
price movements for various asset~ contained in a sp~cif1c 
price index category. 

2 Sunder (1978) proposed the .two alternative measl!res of 
error because under certain conditions or:e or tne other may 
be used to predict indiVidual preferences. For example, it 
can be shown that if a person has a line~r loss functlon 
(risk neutral) then his prefererce for a particular error 
distribution from a set ot "n11 error distributions car be 
predicted by simply comparing the mean o1 eacn such 
distribution and selecting the di ~tribut ion w1 tn the minimum 
mean error. Alternatively, if a person has a quadratlc loss 
function {rlsk averse} then his preference tor a 
particular error distribution can be precicted by comparing 
the means and variances ot the varicus distributions. 
Distributions ~ith lower means anc variarces would De 
preferred. Because the MSE error measur € is the sum of tne 
variance plus the square of tne distribution mean, 
distributions with lower MSE woulc .tend to oe preferred. 

3 As used in this paper tne pt:rase "configuration" 
refers to the following structure. Assurre there are three 
assets to be valued. For tnese ttree as~ets we may use one 
index, two indices, or three indices. I' t:e possible 
groupings of assets into lndices c:re as follows. 

Number of indice~ 

1 
2 
2 
2 
3 

Configura t1 on 

aoc 
aD c 
ac b 
a be 
a b c 

Where letters grouped together signify t~ose.assets are 
grouped together in the same pricE tndex. Thus, IIlith three 
assets, there are five dit ferent 1ncex c cnfigurations 
possiole • 

. •corx:eptually, if a k>articulzr configuration of price 
indices was used oy a specific firm over a period ot several 
years, then for each year of use there w cul d be some flie asure 
ot error (R - R*" ). Taken collectlvely, these yearly error 

16 



measures form a distribution. Bics as defined oy Sunder 
represents the mean value ot such ali errcr distrioution. 

17 

MSE as defined by Sunder represents the sum ot the 
distribution's variance and the sc;uare ot the distribtJtion•s 
mean (Blas). Thus, for each firm, tnere would be a 
distrlt>ution of error measures for each possiole indeJC 
configuration and each such distribtJtion would nave t~o 
alternative stilnmary measures of ertor, Bias and MSE. 

5fineness relates to comparisons o.t information sets. 
One set is said to oe as tine as cnotner if it contains at 
1 east as much in formation. As ap i;lled t c price index sets, 
consiaer the following groupings cf four assets into two and 
three index groups. 

Group 

1 
2 
3 

Number of indices 

2 
3 
3 

Cont 1g ur at ion 

a bed 
a b cd 
ao c d 

Group 2 is finer than group 1 beccuse asset "o" is separated 
from the group "be~·. However, we can mcke no observctlons 
aoout fineness between group 2 anc group 3, or group 1 and 
group 3, because these groups are not coaparaole in terms of 
fineness. 

&These results were obtained by Suncer based on the 
following three assumptions. 

1. The economy consists of N firms cf equal size. 

2. Tne relative weignts used for corstruction of 
price indices are tne relctive weights of tne goods 
in the e nt ir e ec on Olll y. 

3. The asset portfolio o.t each firm can be 
considered as a multinom1cl random vector drawn from 
the asset pool of tne economy using "p•• trials. 

7 Tnis can occur when errors cssociated.witn each of the 
various price indices offset each other. · 



CHAPTER Ill 

ME TH 00 OLO GY 

To obtain the data needed for use in tne study 

analysis, a tnree step procedure ~as used. First, price 

data and asset data concerning c~rtain industries and firms 

were gathered. Second, this data clong with Sunder•s 

formulas for Bias and MSE were ~sed to calculate 

intermediate data. Finally, tne intermediate data wcs used 

to calculate probabilities, for each firm, that using more 

indices results in more accurate revaluations. These 

prooaoilities were then statisticclly analyzed. A detailed 

description of the data collection, generation, and analysis 

I? r oc edu r es f oll o ws • 

Collection of Pr1mary Data 

Four industries were selected for use 1n the study. 

They were: 

1. electric utilities, 

2. gas pipline utilities, 

3. telephone utilities, and 

4· water utilities. 

P.uolic utility industries were selEcted oecause their 

plant asset accounts were quite homo~enous among firms~ 

18 
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Tnis homogeneity of accounts was present because Federal 

regulatory agencies have specitied a required chert of 

accounts to be used by each industry. Further, the Federal 

regulations have specified 1n greet detail the exact type of 

assets that were to be classifi,~d 1n Eacn general ledger 

account. 

Once the industries were chcsen, twenty-five firms 

from eacn industry were randomly selEcted from various 

sources (a total of 100 firms). Electric firms ware 

selected from a Unitea Stat,~s Oepertment of Energy 

publication (1979). Gas pipeline f1rms- 11ere selected fro11 a 

second United States Department of Energy puD11cat1on 

(1978). Telephone and water tirms were selecteo from 

Moody•s Public Utility Manual. For convenience, each firm 

selected was assigned a unique idEntiticction numoer. 

A.ft er select ion, 1 nt ormation concerning the asset 

composition of each f1rm was ga~hered. Detalls of 

historical cost asset balances fer electric and gas tirms 

were available from the· lJ .s. Government publications 

previously cited. A mail questicnnaire was used to gatner 

tne necessary asset information tor telephone and water 

firms. Tables I, II, I.II, end IV. detail the firms 

selected, their identification nuab~rs, end their tot~l cost 

of Utility P.lant in Service <net of land ana intangibles). 

Plant totals were prepared net of land and intangibles 

because in any valuation process these assets would probanly 

be revalued through appraisal or market quotation. 



TABLE I 

ELECT RIC F lRlo!S 

_._. __________ .._ ______ ·~-·--· ...... _--~-----~--------"------·---..·-~---- ... ---
Firm 
Name 

F 1rm Plant in 
Number Millions 

___ ... ____________ ..... __ . ____ • ______ ._. ____ ._. ___ . _______ .. ______ .. __ ..,_ .. _..J 

Alabama Power Company 
Arizona Public Service Co~npany 
B al timor e Gas and Electric company 
California Pacific Utilities Compcny 
Central Illinois Light Cowpany 
Central Illinois Public Service Ccmpany 
Central Maine Power Company 
Citizens Utilities Company 
Commonwealth Edison Company 
[) uquesne Light Company 
I~aho Power Company 
Illinois Power Company 
r. ake Superior I) istr1ct PlOii er C omp c:ny 
Madison Gas and Electric 
Maine Public Service Company 
Northern States Power Com~ any 
Pacific Power and Light Company 
~~rtland General Electric Company 
Public Service Company of New Ham(:stlire 
Public Service Company of Ole lahom c 
Sierra PLacitic Power Company 
southern California Edison Company 
Southern Electric Generating Compc:ny 
Superior Water Li~ht and Power Coupany 
Tucson Gas and Electric Company 

EFl 
EF3 
EF13 
EF11 
f.F7 
EF8 
EF11 
£F4 
EF9 
EF20 
EF6 
EF10 
f:F21 
EF22 
EF12 
EF23 
EFl 8 
f:Fl9 
EF15 
EF16 
EF14 
EF25 
eF2 
EF24 
EF5 

2,944 
1,088 
2,011 

65 
642 
931 
461 

77 
6,094 
1,723 

811 
1,205 

70 
190 

36 
219 

1,812 
1,049 

472 
702 
2 84 

4,.131 
157 

14 
595 

20 

_..._. ________________________ ------- ... ------------______ ,_,__ 
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TABLE I I 

GAS FIRMS 

__ ._,_, ........... ~---------..--·---,.,·-----.. -----------.--..... -.... --....... .._ _______ ._._. ______ _ 
Firm 
Name 

Firm Plant in 
Number Millions _ ...... ___________ ... .,.._. ... _____ _.._ __ .. _ _, ____ . _____________ . ____ _.. ......... ___ ....,.~-

Alabama Tennessee Natural Gas Com~any 
Algonquin Gas Transmission compan} 
Arkansas Louisiana Gas CO!npany 
Arkansas Oklahoma Gas Corporation 
:olumbia ~as Transmission Corporation 
Columbia Gulf Transmission Compan~ 
Consolidated Gas Supply Corporaticn 
::.onsolidated System LNG Company 
East Tennessee Natural Gas Compan~ 
Lawrenceburg Gas Transmission Corporation 
Loulsiana-Nevada Transit Company 
McCulloch Interstate Gas Corporation 
Michigan Gas Storage company 
Michigan Wisconsin Pipe L1ne Comp~n~ 
Mid Louisiana Gas Company 
Midwestern Gas Transmissi6n Compacy 
Mississippi River Transmission Corporat1cn 
Southern Natural Gas Company 
Southwest Gas Corporation 
Stingray Pipeline Company 
renneco Inc. 
Tr ans§jes tern Pipeline Com!? any 
Trunk1ine Gas company 
lJnited Gas Pipe Line Company 
Washington Gas Light Company 

GFl 
GF2 
GF3 
GF4 
GF5 
GFo 
GF7 
GF8 
GF9 
GF 10 
GF11 
GF12 
GF 13 
GFl-4 
GF15 
GF2 4 
GF25 
GF16 
GF11 
GF18 
GF19 
GF20 
GF21 
GF22 
GF23 

12 
154 
733 

28 
1,306 

815 
821 
249 

66 
.2 

1 
9 

49 
1,5Bl 

34 
137 
245 
816 
1 o3 
233 

2,231 
428 
657 
671 
484 

-----------------------------· .. --·------~.-.,----------.---------- ... --



TASLE III 

TELE: PH ONE FIRMS 

._,_ ______ ....,-________ ...__._ ____ . __ ._._.. ___ .__ ------r.__ ---------·--~------
Firm 
Name 

Firm Plant in 
Number Millions ___________ . ________ . ________ .._._..__. __ ._..,. ____ _.__ -------------·--------

Allied Telephone Company 
Carolina Telephone and Telegraph Company 
:antral Telephone Company of Florida 
Central Telephone Company of Illinois 
:.antral Telephone Company ot Hisscuri 
Central Telepnone Company ot Virginia 
Chesapeake and Potomac Telephone 
C~ncinnati Bell Inc. 
Florida Telephone Corporation 
Illinois Bell Telephone Company 
!~diana Bell Telephone Company 
Michigan Bell Telephone Company 
l'41d-P,enn Telephone Company 
Midstate Telephone Corporation 
!4id-Texas Tel.er;thone Company 
North~estern Bell Telephone Compar.y 
Orange City Telephone Comt;>any 
Pacific Northwest Bell 
Pacific Telephone and Telegraph Ccmpany 
Quincy Telephone Company 
Southern New England Tele~hone Coa.pany 
United Telephone Company of Florica 
lJnited Telephone Company of Ohio 
United Telephone Company of Pennsylvania 
Minter Park Telephone Company 

Tf'l 
TF13 
TF23 
TF2 4 
TF21 
TF22 
TF3 
TF7 
TF16 
TF14 
TF2 
TF9 
TF1 0 
TF12 
TF2 5 
TF6 
TF11 
TF4 
TF5 
TF18 
TF8 
TF19 
TP15 
TF11 
TF20 

111 
779 
223 
187 

39 
221 

6,416 
116 
333 

5,478 
1,862 
4,461 

135 
89 
55 

4,517 
7 

3,167 
13,621 

11 
1,861 

398 
570 
309 
134 

.. -... ----.. ~-... --------...... ________ .. -.-----------------·~- .... -----..... '-'------------
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TABLE IV 

WATER FIRMS 

.,,.. ___ ... .,_. ______ ,_,._. _______________________ .., __ ,... ... _ ..... --------------·---------
Firm 
Name 

Firm Pi ant in 
Num.o er Mil .lions ________________________ , __________________ ,....,... _______________ _ 

Barnstable Water Company 
Bridgeport Hydraulic Company 
C alitornia Water Service company 
Clinton Water ijorks Company 
Florida Cities water Company 
Huntington Water Corporation 
Illinois-American Water Company 
Indianapolis Water Company 
KentucKY -A me rica n Water Company 
l.aguna Hills Water company 
Long Island Water Corporation 
Marion water Company 
Maryland Water works Company 
Middles ex Water Company 
Dhio-American ~ater Company 
Pennichuck Water !Nor ks 
Philadelphia Suburban Wate·r Compar.y 
Riverton Consolidated Water Compary 
San Jose water works 
Shenango Valley Water Company 
Southern California Water Company 
Stanford Water Company 
Torrington water Company 
Western Pennsylvania water Compan~ 
York Water Company 

WF9 
NF13 
WF14 
IIF 2 3 
WFl "1 
WF18 
WF24 
WF7 
.VF19 
IIIF16 
WF2 
WF22 
WF2 5 
WF5 
~F21 
WF12 
WFl 
MIF 2 0 
WF8 
WF4 
WF15 
WFll 
WF6 
WF3 
WF10 

2 
100 
2~0 

4 
32 
20 
50 

142 
48 
11 
36 

8 
2 

49 
8 

12 
164 

13 
134 

15 
126 

13 
4 

160 
26 _..,.. ________ ... __________________ _... __ ... ___________ .... __ ....__ .... _______ _ 
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Having selected tne firms and obtained detailed 

information concerning tneir c:sset balances, 1t 111as 

necessary to select the specific asset c:ccounts to be used. 

Within each industry, asset acccunts we:re assigned uni1ue 

identification numbers; tnen, a t~o step selection procedure 

was performed. First, asset accounts for which published 

price indices were not avail able were e I imina ted. for the 

remaining pool of asset accounts, crossEct1onal ~otals were 

calcula~ed. The asset accounts with the f iv e.a. 1 ar gest2 

crossectional totals illere selectee for use. Table v deta1ls 

the accounts selected and their identification numbers. 

Following selection of tne asset accounts, the detailed 

asset cost ~nformation (as of 1919 for water and telephone 

firms and as of 1977 for electric ar:d gas firms) was used to 

estimate a crossectlonal vector ot average asset proportions 

for each industry. Also, within each irdustry, twenty-five 

firm specific vectors of asset proporticns were calculated. 

Tables VI, VII, VIII, ~nd IX detail the firm specific as 

well as crossectional vectors. 3 T~ese tables also detail the 

proportion of total utility plant in sErvice (net of land 

and intangibles} that was accour.ted f cr oy the five asset 

accounts. 

Interestingly, Tables VI through IX snow that for most 

firms, the five asset cat eg or ies accounted for a relatively 

high proportion of each firm•s Utility Plant in Service. 

fhe averages for each indiJs~ry were: elEctr1c-40t, gss-71t, 

telepnone-66%, and water-78t. 



TABLE V 

ASSET ACCOUN'IS ________ ..,._ ____ .., _______________________________________ _ 

Asset 
I~dustry Selected 

Asset 
Numoer __________________________ ......... ______________ .., _______ _ 

E:·lectric 
Electric 
Electric 
E•lectric 
Electric 

Gas 
Gas 
Gas 
Gas 
Gas 

Steam Production ?llant- Struc. and Imp. 
Steam Production Plant- Boiler Equipment 
Steam Production ?llant- Turoogenerators 
Transmission Plant- Station Equ1~ment 
Distribution Plant- Line Transtormers 

Transmission P~ant- Str~c. and Imp. 
Transmission Plant- Mair.s 
Transmission Plant- Com,~;:. Sta. Equip. 
Transmtsston Plant- Meas. and l'eg. Equip. 
T.ransmissl.on Plant- Other 

relepnone Central Office E:•quipment- Switcning 
Telepnone Central Office Equipment- CirctJlt 
Telepnone Station Apparat~s 
r elepnone stat ion Connections 
Telepnone Buried Cable 

iiater 
Water 
Water 
Water 
Water 

Treatment Plant· equipment 
Transmission Plant- Dest. Reservoirs 
Distribution Pilant- Mair.s 
DistribUtion Plant- Services Installed 
Distribution Plant- Meters 

EAl 
EA4 
EA6 
EA12 
EA23 

bA3 
GA4 
bAS 
GA 6 
GAlS 

TA2 
TA3 
TA4 
TA5 
'lAlO 

INA 5 
lA 1 
WA9 
iAlO 
'-All 

---------------.--------------------------------.-.-----------------
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TABLE VI 

ELECTRIC ASSET PRO FORTI ONS 
.......... ____________________ ...,. ______________ _, _____ ~~---

F'1ve .Assets 
as a 
Percentage 
ot u tlllty 

Flrm Asset Number Plant in 
Number EA1 EA4 EA6 EA12 EA23 Service 
_,_ _____ ..., ... _____ .., ______ ----·-- -----··------~ ........ _____ ..,.. _______ ._~-------
EF1 .10319 .41126 .140 0 6 • 17153 .16794 • 337 
Ei''2 .15 458 .5 4074 .2 7 0 47 • 03 41B .ooooo • 863 
EF3 .04188 .44035 .1 80 44 • 17967 .15•764 • 42 9 
EF4 .04009 .07292 .o 70 47 • :34659 .46991 • 237 
E:F5 .o 9426 .4 02 06 .2HI55 .18195 .10516 • 490 
EF6 .12915 .34991 .o 9772 • 19911 .22 409 • 334 
EF7 .31687 .39163 .1 5715 • 06028 .07403 • 640 
&F8 .19302 .4 30 96 .17192 .12425 .07983 • 651 
Ef9 .13067 .3 82 42 .14714 • 23 241 .10 733 • 400 
EF10 .17662 .42390 .1 68 38 • C9946 .13162 • 557 
EF11 .12629 .166 29 .16178 • 23 251 .31310 • 317 
EF12 .11048 .18615 .o 00 00 • 31984 .38352 • 20 7 
EF13 .. 15787 .30584 .158 30 • 20 917 .16880 • 261 
EF14 .09113 .30498 .2 2122 .18 565 .19699 • 403 
EF15 .15452 .3 6535 .1 63 91 • 17566 .14048 • 520 
EF16 .1 0 840 .29339 .30368 • 14632 .14820 • 544 
EF17 .02185 .o 44 83 .) 4~ 34 • 18 821 .698 74 • 231 
EF18 .o 8 868 .5·34 89 .12922 • 09 636 .15·0 83 • 474 
EF19 .00715 .o 38 67 .o 10 50 • ~0 946 .53418 .122 
EF20 .16010 .49393 .l 5157 • 09101 .10337 • 384 
EF21 .18541 .313 73 .12o 77 • 21 !:23 .15783 • 358 
EF22 .18165 .37686 .1 47 36 • 19970 .09441 • Cl65 
EF23 .02647 .o 33 37 .) 2129 • 49 627 .42257 .172 
Ef24 .252 94 .3 9252 .2 22 55• • 00 000 .13197 • 351 
EF25 .o 8035 .305 24 .20587 • ~3167 .17683 • 413 

Overall .12911 .3 80 87 .l 65 7 0 .17945 .14485 • 407 

-------------------------·------------- ., __ ..., __ ----------------
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TABLE v 11 

GAS ASSET PROPORTIONS 

-----------------------------------------------------
P' 1ve Assets 
as a 
Perc ent:age 
Of lJ t 111 t.Y 

Firm Asset Number Plant in 
Number GA3 GA4 GAS G.A6 <;A18 Service 
-------·------------------.a·-----~--.... -----------,_, .... ____________ ..._ _______ ,.. __ ...... 
GF1 • 03552 • 780 47 .o '1447 • 10952 .ooooo • 908 
GF2 .o 2696 .895 65 .05422 • C2209 .00105 • 975 
GF3 .0243o • 803 95 • 0 7654 • 03 94b .osa 67 • 353 
GF4 .01076 • 6 8125 .o 17 40 • 08 878 .00179 • 204 
GF5 .o 3455 • 7 9221 .135 67 • 03542 .00112 • 561 
GF6 .03 745 • 79813 .14o11 • ()0 879 .00950 • 995 
GF7 .03291 .79890 .1 36 39 • C2175 .oo 403 • 383 
GF8 .00101 .9 42 31 .)0003 • 05652 .ooo 12 • 431 
GF9 .o 4441 • 783 53 .125·70 • 04099 .04532 • HO 
GF10 .04515 .60424 .o 00 00 • ~5059 .ooooo 1. 000 
GF11 .o 1724 .916 05 .) 00 00 • 06669 .ooo 00 • 619 
GF12 .00772 • o25 94 .3 5~16 • 011lo .ooooo • 996 
GF13 .04029 .78298 .1 09 35 • 05878 .oo 857 • 675 
GF14 .03791 • 7 53 72 .l 97 82 • 01002 .00051 • 648 
GF15 .05134 .82895 .o 85,05 • 02 545 .00919 • 495 
GF16 .03932 .82434 .11492 • 02119 .00021 • 655 
GF17 .01511 .a 10 04 .L65 28 • 04918 .00037 • 296 
GF18 .03330 .67827 .2 83 65 • oo 4'7o .ooooo • 996 
GF19 .o 3469 • 7 85 25 .1 7312 • co 589 .00101 • 956 
GF20 .o 6283 .6 76 43 .18354 • 02 072 .05145 • 981 
GF21 .05790 .'78130 .155·84 • ()0 494 .ooooo • E72 
GF22 .o 2711 .83813 .1 02 8'7 • 02 450 .00736 .736 
GF23 .o 0 923 .82466 .)0000 .16 609 .ooooo • 085 
GF24 .o 8440 • 649 62 .2 5711 • ()0 8'75 .00010 • S93 
GF25 .01403 .'78806 .1'70 22 • 02 35'7 .oo 410 • 707 

Overall .o 3 738 .78477 .15442 • 01710 .oo b3l • 110 

.. -...-----------------------------------~-----------------
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TABLE VI II 

TELEPHONE ASSET Pt;OPORTIONS 

,..._ _________ ._. ___________________ --~·------------------------·----------~ 

Five Assets 
as a 
P ~rc er.t.age 
of UtllltY 

Firm Asset Number Plant in 
Number TA2 TA3 Tl4 TA5 TA10 Service 

------------------------·---.. ------~--------..-------------
TF1 .35186 .120 45 .1.06 56 .12615 .29496 • 67 3 
TF2 .37 217 .19424 .145183 • 14 988 .13 786 • 595 
TF3 .36408 .16247 .16781 • 17562 .12999 • 616 
r~· 4 • 35 089 .158 47 .12211 .15 945 .19 9 06 • 646 
TF5 .3 8581 .20238 .1513 8 • 17 457 .08583 • 593 
TF6 .28805 .19798 .11147 • 12 870 .27377 .121 
fF7 .38065 .14704 .l.B920 • 22633 .05675 • 570 
TFB .4671>o .1 7784 .140 Oo • 18 S7b .02525 • 554 
TF9 .37222 .1 78 71 .14315 .15331 .15259 • f21 
TF10 .3 9606 .19015 .t.52 86 .16134 .09956 • 581 
TF11 .3 6575 .160 97 .14232 .18€65 .14228 • 56o 
TF12 .49875 .o 87 89 .13178 • 16 575 .11582 • t:O 2 
TF13 .32372 .15494 .L1574 .11662 .28795 • 755 
TF14 .3 7799 .14713 .1 7o11 • 18#35 .11140 • tl8 
TF15 .39399 .11256 .i 3761 .17 460 .18121 • f12 
TF16 .2 9307 .13697 .) 9393 .10384 .37 217 • 727 
TF17 .30245 .04027 .11253 • 18222 .36249 • ~45 
TF18 .33760 .11606 .o 9755 .10162 .34714 • 130 
TF19 .31193 .112 29 .11346 • 12420 .33808 .742 
TF20 .40078 .07126 .1 7105 • 15149 .19939 • t74 
TF21 .21834 .o 3409 .o 9483 • 16379 .48893 • 745 
TF22 .3 3388 .o 67 25 .L.l445 .1731B .31122 • 659 
TF23 .38080 .o 9679 .13958 • 16292 .21988 • t89 
TF24 .39157 .o 16 57 .2 58 31 • 22535 .10 818 • 648 
TF25 .46895 .12187 .1.4235 .12387 . .14292 • 670 

Overall .3 6o17 .175 81 .14723 • 16577 .14500 • 669 

----------------------------------------------------
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l' AS LE IX 

WA 'l'ER AS SET PROPORTIONS 

-------·--..--·----..... ------------.... -------------------... ---~ .... --..·-·--------.--
Five Assets 
as a 
Plerc er:t.agg 
ot UtilitY 

Firm Asset Number Plant in 
Number WA5 WA7 WfL 9 Wll10 WAll Service 

--------~-----------------~------------------~------------
WFl .o 6888 .07110 .6 48 61 .16256 .04882 • 794 
ifF2 .02695 .03844 • b 4o48 • 23 094 .os:no • '144 
WF3 .09842 .04230 • 6 4637 • 17100 .04189 • 851 
ifF 4 .21761 .o 43 77 .5•4392 .15719 .037 48 • 824 
WF5 .12595 .013 01 • 0 70 85 • 14331 .04o8o • E05 
WF6 .02392 .09183 • 7 98 90 • 00 000 .08533 • 607 
ifF7 .12166 .02131 • 7 .7~ 50 • 03014 .047 36 .729 
WF8 .01374 .09160 • o 6o 84 • 15778 .07001 • EOO 
WF9 .ooooo .05271 • 7 45 44 .14889 .05289 • t76 
WF10 .12012 .o 8612 .> 0472 .14374 .04528 • 711 
WF11 .08498 .03403 • 8 4810 • 00 000 .03287 • t03 
WF12 .00290 .o 4485 .819 28 • 07 340 .05955 • 629 
WF13 .o 1235 .o 10 56 .1 8577 .06767 .12363 • 788 
WF14 .o 1619 .075 48 • b 9901 • 14 877 .06047 • E2 6 
WF15 .01427 .o 52 61 .6 47 77 • 20 '146 .07785 • 796 
I'IF16 .ooooo .04455 .) 9638 .17963 .07943 .741 
WF17 .13117 .o 4420 .o9o75 • 07164 .05021 • t42 
WF18 .19786 .o 68 28 .46195 • ~0 #91 .06397 • eo 6 
WF19 .09014 .o 32 69 .7 2448 • 11412 .038 53 • 747 
WF20 .11388 .02648 .o42 42 .17879 .03 842 • E3 7 
WF21 .o 6212 .o 3786 .723 88 .14076 .03536 • 793 
WF22 .12540 .o 33 99 .s 14 86 .18110 .04462 .766 
WF23 .o 4 625 .09616 .o14 93 .19113 .05·151 • 144 
WF24 .18813 .o 26 50 .5 6145 • 19085 .03303 • 722 
ifF25 .13450 .o 4178 .51716 .16970. .03683 • 844 

Overall .o 6530 .05188 .o 80 94 • 14264 .05·920 • 788 ___________________________________________________ ,_,_ 
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Price data for the asset categorie~ were obtained from 

price data as reported in the liar:dy-ihitman Index of Ptublic 

UtilitY Construction Costs. This source detailed 

construct1on price 1ndices for putlic utility plant accounts 

from 1~12 through 1979. However, 1n tn1s study the indices 

used were limited to those covering the tnirty year period 

from 195 0 to 1979. The price data were then analyzed to 

generate mean price change vectors and variance/covariance 

matrices for each industry. Tables x, XI, XII, and XIII 

detail these vectors and tn e1r related variance/ cov cr iance 

matrices. 

Summarizing, from each cf four public utility 

industries, twenty-five t ir ms were rand cmly s el ec ted. For 

each firm, detailed information concerning its assets illas 

gathered. This informatlon 111as used tc select five asset 

categories for study w1tnin each lnd~stry and also to 

generate four industry-wide and one hur.dred firm specific 

vectors of asset pr opor ti ons. Price data on the twenty 

selected asset categories (five fer eacn of four industri~s) 

was gatnered and used to estimatE four industry mear. price 

change vectors and four related variance/covariance 

matrices. The information so ~athered was then usee to 

generate intermediate data. 

Generation of Interaediate Data 

Recall that within eacn industry, t1ve asset categories 

were selected tor use. Tnese five categories were grouped 
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TAB[.E X 

ANALYSIS OF ELECTRIC PRICE DATA 

-----------------------------------------------
N arne of Asset Numo er 
Data EAl EA4 EA6 EA12 EA23 

----------------------------------------------------Mean Plr lee 
cnange 
Vector .0568000 .0587333 • 0478 0 00 • 045 0000 • 0235333 

Covariance 
Matrix • 0018652 • 0 OL132 66 .0017207 .002 2888 .0013936 

.0)1:8266 .00~5023 .0024147 .0030004 • 0021745 

.0017207 • 002 4147 • 00343 26 • 003 03 03 • 0023 2 86 

.0022888 .0030004 • 00 30303 • 005 30 88 • 0034412 

.Oll3936 .J0~1745 • 00 232 86 .0034412 • 0038945 

--------------------------~---~-----------------------

1' ABLE XI 

ANALYSIS OF GAS FRICE DATA 

_.._ ____________________ ·----------------~--------------------
N arne of Asset Number 
Data GA3 GA4 G.A5 GA6 GAlS 

----------------------------.--------------------------------Mean Price 
Change 
Vector .0556333 • 0 603o6o • 05 e33 33 .0524000 • 0582000 

covartance 
Matrix .0)1-8869 .0012420 .0011299 • 0013353 .0012930 

.0012420 • 0018214 .0010769 • 0015678 .0017030 
• 0011299 • 0010769 .0018586 .0012991 • 0011502 
.0013353 .0015678 • 0012991 • 0017o78 .0015446 
.0012930 • 00170 30 • 0011502 • 0015446 • 0016501 

---------------------------------------------.-------·-----·---------
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TABLE X II 

ANALYSIS OF TELEPHONE PRICE DATA 

-----------------------------------------------
N arne of Asset Nurno er 
Data TA2 TA3 TA4 TA5 TAlO 

--------------------------------------------------
Mean Price 
Change 
Vector .0334666 -.0146333 -.0068000 • 042 0000 • 0348000 

Covariance 
Matrix .0016803 • 000 5600 • 0001900 • 000 4800 -. 0005500 

.0)05500 .0033J5B -. 00125 60 • 000 5600 .0013413 

.ooo 1900 -. 00125 60 • 002 6133 -. 000 22 00 -. 0009200. 
• 000 4800 .ooo 5600 -. ()002200 • 00158 82 • 0015456 

-.0)05500 .OOl3413 -.0009200 • 001 5456 • 00 79773 

-~-----------------------------~~---------------------------

TABLE XIII 

ANALYSIS OF WATER PRICE rATA 

N arne of Asset Number 
Data WA5 WA 1 WA9 WA10 WAll 

----------------------------------------------
Mean Price 
Change 

· Vector .0547000 .0705333 • 05190 00 • 062 7000 • 02 42000 

Covarlance 
Matrix .0018946 • 003 60 08 • ()0284 05 • 00115 00 -. 0008500 

• 003 6008 .0175759 • 0056233 .0023289 -.0022380 
.0028405 • 005 6233 • 00 ~62 77 • 001 89 25 -. 0017720 
.03L1500 .0023289 .0018925 .0017595 -. 0001600 

-. 000 85,00 -. 002 23-80 -.0017720 -. 0 00 1o00 • 0023 600 
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into various index conf1gurat1or.s ln tifty-one ditferent 

ways. Specifically, if four intices ~ere used there were 

ten possible configurations; if three indices were usea 

there were twenty-five possible confic;Juratlons; lf two 

indices were used there were fifteen pcssinle 

contigur at ions; and if one index was used tner e .. as one 

configuration possible. Table KIV details the various 

p ossiol e configurations. 

Using the asset proportion and price aata gathered, 

along with Sunder• s formulas, Bi cs and HSE were calcul.ated 

for each possible firm and conflgtratton combination. Thus, 

for each of one hundred firms, there ~ere fifty-or.e Bias 

measures and fifty-one MSe; measures. 'Ihe appendix details 

tnis information. 

Inasmuch as the price dat.a ufed in calculating Bias and 

MSE figures tenaed to be qu1te smell, there was some concern 

tnat computer truncation would ir.troduce significant error 

into the calculations. To cvcid this pronlem, all 

calculations of intermeaiate dcta were performed using 

double precision arithmetic. • 

Summarizing, the primary cata wcs used along with 

Sunder's formulas to calculate Bias and ~SE for each firm 

for each of fifty-one possible irdex ccnfiguratlons. The 

resulting intermediate data was used to calculate various 

firm specific probabilities that using more indices would 

result in more accurate revaluations. 



TABLE XIV 

POSSIBLE CONFIGURATIONS FOR FI 'JE ASSETS 
ABCOE 

-------------------------·--------~--------·--

Number Nuaber 
of of 
Indices C onf1gurat1 on Incices Conti gura tion 

----------------------------------~-----1 a.bcde 3 ao de c 
2 a be de 3 ac oe d 
2 b acde 3 ad be e 
2 c abde 3 ae cd b 
2 d abce 3 ab ce d 
2 e abce 3 ao cd e 
2 ab cde 3 ac de b 
2 ac bde 3 ac bd e 
2 ad bee 3 ad ce b 
2 ae bee 3 ad oe c 
2 be ada 3 ae bd c 
2 bd ace 3 ae oc d 
2 be acd 3 be de a 
2 cd abe 3 Od ce a 
2 ce abd 3 oe cd a 
2 de abc 4 ae 0 c d 
3 a b cde 4 a<l l:> c e 
3 a c bde 4 ac .b d e 
3 a d bee 4 ao c d e 
3 a e bee 4 be a c d 
3 b c ade 4 bd a c e 
3 b d ace 4 be a d e 
3 b e acd 4 ce a 0 d 
3 c d abe 4 cd a 0 e 
3 c e abd 4 de a b c 
3 d e abc 

----------------------------------------
Note: Letters groupea together signify tnat those 

assets are grouped in thE s qill e index. 
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Calculation ot Probib111t1es 

Once the intermediate Bias anc MS E <lata ware 

calculated, these were used to gererate tour separate groups 

ot probabilitY data. Each grou~ 1nvol ved fotii' 1naustries, 

twenty- .t iv e firms within each ind~stry, six comparisons tor 

each tir m, ana two alternative methods o t pert orm1ng the six 

comparisons. 

The six comparisons 111ere madE as follows. Recall tnat 

five assets were selected for use in the study. Tnis meant 

there were four possible index systems that coold result in 

some valuation error. The tour pcss1ble index systems were: 

1. a one index systea, 

2 •. a two index systeD, 

3. a three index system, and 

4. a four index system. 

With four possible index systems, tnere were slx ways 

to compare the index systems. ThE six c emparl sons were: 

1. a four index system versu~ a one index system, 

-2. a four index system versus a two index system, 

3. a four index system versus a three index system, 

4. a three index system verst.Js a one index system, 

s. a three index system versus a two index system, and 

6. a two index systeiR versus a one index system. 

The two a 1 t er nat 1 ve metnocs ot ~ertor m~ng the six 

comparisons were made as follows. Within each index system 

tnere were several possible contigurat1ons (except that a 

one index system had only one con11gurat1on). In comparing 
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two index systems, all pairs of configurations could have 

been compared or only those pair>:: of con:tigurations lliherain 

one configuration was strictly fir:er than another could have 

been compared. The first metnod was r eterred to as 11Non

F1neness" and tne second was referred to as "F1neness 11 • 

For each comparison, .,ithin each ~roup ot prob2bil1ty 

data, the procedure was to count tne number of tlmes an 

index system with more inaices hao less error and divide by 

tne number of configuration con:pcrJ.sor.s. Tne resulting 

number represented the probability that en index system with 

more indices had a smaller error. 

The four separate groups cf 

prepared as follows. The fir~t 

pro t:abili ty data were 

set involved a sirnJ?le 

comparison of absolute Bias amcmg each firm• s p ossiole 

configurations. The second set ir.volved a simple comparison 

ot MS£ among each firm•s possible ccmfigurations. The third 

and fourth sets of probability data were somewhat difterent. 

In Chapter I, one of tne stateo stucy obJectives was to 

determine the extent to which "n11 1 ndex valuaticn was 

sign1ticantly more accurate tnan 11 m" index valuation (m<n). 

For the purposes of this study, an absolute difference in 

Bl.as, between two configuration~, of .. 01 or less 111as not 

considered significant. A difference in MS£, between two 

configurations, of .0001 or less lias not considered 

significant.s Therefore, the th1ro group of probability data 

was generated in exactly the same way as the first group 

except that only absolute differences greater that .01 were 
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counted as situations whereln the Bias ot one configuration 

was considered significantly 

conf igur at ion. L.ikewise, 

les .s than the Bias of anotner 

the fcurth 9roup of prob2b1lity 

data was generated in exactly the same aanner as tne second 

group except that only differences greater tnan .0001 were 

counted as situations wherein the MS& of one configuration 

was considered significantly less than the MSE of anotner 

contigur at ion. 

Summarizing, tour separate ~roups of prooaoility data 

were generated from the Bias ar.d MSE intermediate oata. 

These four groups of data were thEn analyzed to test certain 

hypotheses. 

Hypotheses 

The following discussion deta:Hs tte eight hypotheses 

that were proposed for testing fer eacn ot the tour groups 

ot probability data. Because tnE eight nypotheses were the 

same tor each of the four groups ot probability data, tney 

are discussed only once. 

Hypothesis 1 was concerned with testing, globally, 

whether or not increasing the nuab er ot pr 1c e ind1c es used 

improved accuracy. In other Mords, were tne average 

prooaoilities tor the six comparisons the sam e. If the 

average probabilities were the semi, the lmpllcat1on would 

be that increasing the number ot price indices would not 

improve accuracy. 

Hypothesis 2 was concerned with testing whether or not 
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the results ooserved in Hypotnesis 1 were cons is tent between 

industries. In other words, Hypothesis 2 tested to see if 

there was any interaction oetwee~ the pcrticu~ar comparison 

and inaustry. If no 1ntaraction 111as present, th.e 

conclusions of Hypothesis 1 would become more general. 

Hypothesis 3 tested to see if~ glct>ally, the average 

probabilities for the Fineness and Non-Fineness methoos were 

the same. If they were the same, tne implication wculd be 

that improving index fineness did not improve valuation 

accuracy. 

Hypothesis 4 was concerned with testing wnether or not 

tne results ooserved in Hypotnesis 3 werE cons is tent tetween 

industries. This was a test to determine if there was any 

interaction bet111een the particular method and industry. I.f 

no interaction was present, the conclusions of Hypothesis 3 

would become more general. 

Hypothesis 5 tested to determine 1f industry average 

probabilities were the same. I:t they were the same, the 

implication would be that, globally, industry average 

results (for the four industries tested) d1d not vary. 

rnus, conclusions become qui~e g_eneral if each ir.dustry 

responds in tne same manner. 

Hypothesis 6 tested to determine if, within each 

industry, firm average probabilities were tne same. If tney 

were the same, the implication wcuid be that, within an 

industry, average results were very general, and tnus 

applied to all firms. 
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Hypothesis 7 testea to determine it, within each 

industrY, firms showed tile same trend ever the two methods 

ot performing comparisons. Again, tbis was a test for 

interaction of firm and method. If no 1nteract1cn ~as 

present, the implication ~oula oe tnat all firms, within an 

industry, res~ond in the same mar:ner tc tne two metnods of 

making comparisons. That is, cverall results oecome more 

general because they apply to all firms witnin an industry. 

Hypothesis 8 tested to determine if, withir: each 

industry, firms showed the scme trend over tile six 

comparisons. This was a test fer interaction of firm and 

comparison. If no interaction wcs presEnt, the 1mpllcat1on 

would be that all firms, within ar. industry, respond in the 

same manner to the various comparls~ns. This ln turn ~ould 

mean that industry results oecome a:ore 9eneral and apply to 

all firms within an industry. 

Summarizing, eight hypotnese.s were ~roposed tor testing 

for each of the tour groups ot ptobaDility data. Table XV 

~resents a summary of the eight hypotheses. 

The experiment 

variance procedure. 

because it was the 

could test for 

interactions. 

Method ot Analysts 

was analyzed using an analysis of 

Tne ANOVA procedure was selected 

only known st.at1 st teal p roce dur e tnat 

both ~ain effect differences and 
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TABLE XV 

SUMMAR~ OF HYPOTHESES 

-------------------------------------------------------------· 
Hypothesis 
Number Hypothesis 

-----------------·---------------------------------------
1 

2 

3 

4 

5 

6 

7 

p4xl=P4x2=P4x3=P3x2=P3xl=P2xl 

No industry and comparison interaction 

PNF=PF 

No industry and method 1nter~ction 

P =P =P =P 
e g t w 

p l=P 2=·. ·=P 25 

No firm and method interaction in each industry 

No firm and comparison interc:ction ____________________________ _.._ __ ..,. ________________________ ,_,_,_ 

Note: 4xl denotes the comparison cf the tour 1ndex and one 
index systems, 

4x2 denotes the com!? ar is on cf the tour index and two 
index systems, 

4x3 denotes the comparison cf the tour index and 
three index systems, 

3x2 denotes the comparison cf tne three index and 
t111o 1n dex sy ste:n s, 

3xl denotes the comp ar 1son cf the three index and 
one index systems,· 

2xl denotes the com~ ar is on cf the two and one 
index: systems, 

NF denotes the "Non -fineness" met tlod, 
F denotes the "Fineness .. method, 
e denotes the Electric industry, 
g denotes the Gas industr~, 
t denotes the Telepnone industry, 
w denotes the Water industry, 
p denotes an average probcbllity, and 

numbered subscr1pts dencte tirms within each 
industry. 



W,1th 

There were 

tne study. 
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Limitations 

two broad are as cf 11 m1 tati ons ass cc lated 

Methodology limitations were present 

because of problems encountered in assembling and an2lyz1ng 

the data. Limitations on conclusions iiere present tlecause 

certain assumptions were made in generating the probability 

data. 

There were three baste metnoooJ.ogy ~roolems. Inasmuch 

as tne four industry wide vEctors of average asset 

proportions were estimated from a saaple of twenty-five 

firms each, these estimates wEre sutject to tne usual 

problem of sampling b1 as. Also, because S unaer• s 

formulation assumed that ali assets were acquired under the 

same price level, there existed some possibility tnat the 

one hundred firm specific as well as tour industry wide 

vectors of asset proportions were biased by the use of 

historical cost values to estimate asset proportions tnat 

should ideally have been based en constant dollar costs. 8 

Finally, in attempting to judge lihetner C1ifferences 1n Bias 

or MSE were significant, the autncr used difterence 

thresnholds of • 01 and .0001, re~pectively. Because these 

tnresnholds were subjectively dEtermined by tne author, 

others might argue as to their appropriateness. 

Extensions of the study CO!rclus1ons were limited in 

several respects. First, the ar.alyt ic al model us eo was a 

one periOd model that assumed no change 1n assets durlng the 

perioa. Whether or not the stuc:3y results would be altered 
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if a multi-period model witn asset additions and retirements 

11ere used is not known. 

asset 

results 

categories within 

would have been 

A !so, the study used 

each 1r.dustry. 

affected by 

Holll 

using 

only five 

tne study 

more asset 

categories iS unknown. Fur tner, w i tnin each industry, the 

firms were relatively homogenous ~s to asset proportions. 

It industries Wl.th less homogenous firms had oeen used, the 

results might nave t> een different. Finally, a 11 cone lu.sions 

were based, in part, on mean price change vectors and 

related variance/covariance matrices Estimated from the 

thirty year period 1950 to 1979. The effect of ~sing a 

different period of tillle to ottain tnese estimates is 

unknown. 

Summary 

Primary asset propor tlon a11d price change data were 

gathered on twenty-five firms in each cf four industries. 

This primary data was used to calculate Eias and MSE tigures 

for eacn possible firm and conflg~ration combination. Tnis 

intermediate data was then used to calculate various 

proDaDilities that using more lncices wculd result 1n less 

valuation error. These prooabilities were tnen analyzed 

using an ANOVA procedure. Results are discussed in Chapter 

IV. 



NOTES 

&.Because the number of possible contigurations 
increases quite rapidly as the nuaber of assets increases, 
this study was limited to one sample of five asset types for 
each industry. This resulted in titty-o~e posslble i~dex 
configurations for each sample firm. · 

21n any valuation process, tlle accounts with larger 
balances should contribute relatively more to tne total 
error. That 1s, a 3% error in an account representing SOt 
of total assets will contribute nore to total error than a 
3~ error in an account representir:g only 10~ of total 
assets. Thereto re, this study selected. csset accounts th"it 
tended to, crossectionally, represent a larger prOportion 
ot total utility plant in service (net of lana ana 
intangibles). 

art is important to remember that all vectors were 
based only on the five asset accot.Jnts selected withln eacn 
industry. Thus, the five proportions in each vector totaled 
1.00 • 

4 Double precision ar1tnmetic is a FCRTRAN form of doing 
calculations that doubles the number of significant oigits. 
Thus, calculations were assured ot being more precise and 
less prone to truncation error. 

$The difference thresholds selected were of course 
arbitrary as they were based on personal Deliets. However, 
tne levels were selected to oe lo~ enough (conservative) so 
that if these levels were not exceeaed, rrost researchers 
would prooaoly agree that 1:ne difterences present were no"t 
material. 

Of'or example, an electric utility cculd hcr.re acqliired 
all of its generation plant on 1ncept1on of the firm end 
then added distribution plant (electric lines) yearly as the 
service area grew. If the price level wc:s rising, use of 
historical cost values would tend to overstate the 
proportion of constant cost dollars inves~ed in distribution 
~lant and understate the ~roporticn at constant cost dollars 
invested in generation plan~. 

Fortunately, there was some evidence to suggest that 
the vectors of asset proportions tor utllities were 
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insensitive to the fact tnat assets were normally acquired 
over several time periods. Because ot the inflationary 
environment tnat nas exist ea over tne most recent decades, 
tne price movements of most asset categories exnioitea a 
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high positive correlation. Thus, yearly price changes tor 
most asset categories tenaed to be similar. Also, yearly 
additions to utility plant in service tefldea to be small 
relative to total plant in service. This was because 
service area growth was generally modest. Thus, a 
significant price aberation in one year cr a small group of 
continous years would have not introduced a significant bias 
in the relative asset proportions. Finally, due to tne very 
nature of a public utility, i.e.- a some•nat unchangil1a 
primary service and to a lesser e~tent method ot production 
and delivery, tne relative mix of assets needed to provide 
the service snould l1ave be·en fairly stable. As long as 
yearly additions were in the same relative proportions, and 
yearly price changes were s~milar, bias in asset vectors 
based on historical costs snoula ~ave been minimal. 



CHAPTER IV 

RESULTS OF STUDY 

Chapter III described the procEdures followed in 

gathering primary data and now lt was used to calculate Bias 

and MSE for each firm ana conflg~ratlon combination. The 

follo~ing sections of this chapter describe the probib111ty 

data and the results of an ANOVA ana!ysis in testing the 

eight hypotheses proposed for each data ~roup. The aEalysis 

of groups 1 (Bias) and 2 (MSE) 1s presented first followed 

by an analysis of groups 3 (materially different Bias) and 4 

(materially different MSE). 

Analysis of Data Grcups 1 and 2 

Recall from Chapter III tnat the ~roup 1 probability 

data was generated by com~aring tne absolute Bias among each 

firm•s possible configurations. Likewise, the group 2 

probaDility data was generated by comparing MSE among each 

firm•s possible contigurations. For ecch firm, withln an 

industry, there were siX compcrlsons of various index 

systems and two methods of pert orlllin 9 each c omp.ar is on. 

Tnus, a total of twelve probabilities ~ere calculated for 

each firm, tor each group of probcbility data. Tables xn, 
X VII, XV II I, and XIX diSplay the group 1 (81 as) p robib ill ty 
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data for the electric, gas, telephone, and water industries, 

respectively. Tables XX, XXI, XXII, ar.d XXIII aisplay the 

group 2 (MSE) probability data. 

TABLE XVI 

GROUP l- E:!. ECTRIC [)AT A 

__________ ... __ .. __________ _..__ .. ________ ------------------
Ina ex Systems com pared 

P' trm 2xl 3x2 4x3 3xl 4x2 4x1 

------
....._ ____ ------- ----- ----- ----Number F NF F NF F NF F NF F NF f NF 

_...., ________ ·-----------~------·,--.._. __ .__ .... ______ -------·------------
EFl .40 .40 .56 .58 .o3 • 64 • 60 • tO • 7 0 .70 .eo .ao 
EF2 .80 .B 0 .76 • 71 .78 • 7 0 .96 • 96 .a a .84 1. 0 1.0 
EF3 .73 • 73 • 52 • 52 .60 • o2 • 64 • f4 • o2 • o2 .70 • 70 
EF4 .86 • 86 • 84 .72 .90 .75 .96 • S6 • 9 '1 .89 1. 0 1.0 
EF5 .53 .53 • 56 .57 .~ 3 .64 .6B • 68 • 7 0 .12 .eo .ao 
EFo .73 • 73 • 69 • 66 .71 • 6'7 • 84 • E4 .so .eo .90 • 90 
EF7 .86 • 86 • 69 • 66 • 7 8 .72 .84 • f4 .81 .79 .90 .90 
EFB .86 .as • 84 .72 .a 3 .13 .96 • 96 .9 5 .a a 1. 0 1.0 
EF9 .66 • 66 • 62 • 60 • () 6 • 66 .6e • te .71 .75 .ao • 80 
EF10 .66 .66 .74 • 70 • 78 .13 .92 • S2 • 9 2 .89 1. 0 1.0 
EF11 .so .eL • 86 .74 • :J 8 .75 .96 • 96 .9 8 .90 1. 0 1.0 
EF12 .80 • 80 • 74 • 70 .so .10 .96 • S6 .91 .85 1. 0 1.0 
EF13 .66 • 66 • 60 • 63 .6 5 • 67 .84 • E4 .11 .78 .90 • 90 
EF14 .86 .as • 86 .73 .6 8 .74 .96 • 96 .97 .sa 1. 0 1.0 
EF15 .73 • 73 • 54 • 57 .oo • 60 • 72 • 12 .70 .70 .so • 80 
EF16 .53 .53 • 57 • 60 .6S • 70 .68 • €8 .72 .77 .so .eo 
EF17 .B 6 .as • 84 .72 .91 .75 .92 • 92 • 9 5 .as 1. 0 1.0 
EF18 .66 • 66 • 69 • 60 .70 • 65 .84 • E4 .a1 .76 .90 • 90 
EF19 .86 • 86 • so • 72 .-so .73 .96 • 96 .94 .sa 1. 0 1.0 
EF20 .B 6 .as .so .71 -~ 1 .71 .96 • 96 .9 0 .84 1. 0 1.0 
EF21 .46 .46 • 54 .56 .o3 • o2 .64 • f4 .o7 .70 .so • 80 
EF22 .66 .66 • 65 • 65 .71 .6e .eo .. eo .81 .eo .90 .90 
EF23 .a o .8)- • 81 .72 .3 3 .72 .96 • 96 .9 5 .87 1. 0 1.0 
EF24 .o6 • 66 • 62 .S9 .o1 .o6 • '12 • 12 .78 .78 .90 • 90 
EF25 .80 • 80 • S5 • '72 .e6 .73 1.0 1 .o .97 .88 1. 0 1.0 

...... ----·---~-----------------------------·------------------- ... --. .. ---
Note: nf'n denotes the Fineness method an c .. NF11 denotes th~ 

Non-Fineness method. Each ta.ole entry represents tile 
pr ob ability that the 1 ess aggregate lndex system had 
a smaller aosolute Bias. 
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TtL Bl. £ XV II 

GROUP 1- GAS DATA 

-~--,..---------------- __ . _____ ..., ____ ---------------
I naex Systems Com pared 

Firm 2x1 3x2 4x3 3x1 4x2 4x1 

----- ---~- ----- ---- __ ...._ __ 
~---Number F NF F NF F NF F NF F NF F NF _____________________________ ._ _____ ..._ -----------------

GF1 .53 • 53 • 60 • 62 .71 .69 • 72 • 12 .11 .7S .90 .90 
GF2 .9 3 • 93 • 72 • 62 .71 • oS • 96 • 96 .81 .77 1. 0 1. 0 
GF3 .13 .13 • 53 • 57 .60 • 59 .28 • 28 .64 .67 .40 • 40 
GF4 .13 .13 • 52 .56 .1 0 .69 .32 • 32 • 71 .75 .60 .60 
GF5 .33 .33 • 53 .57 .10 • o7 .so • 5 () .71 .74 .so • 80 
GF6 .so • 80 .76 • '70 • 76 • 71 .96 • S6 .90 .S6 1. 0 1'.0 
bF7 .13 .13 • 50 .54 .b 6 .67 .20 • 20 .68 .72 • .40 .40 
GF8 .53 • 53 • 44 • 45 .6S • o6 .40 • 40 .ol • 63 .60 • 60 
GF9 1.0 1.0 • 73 • 69 .66 • 65 1.0 1 .o .as .S3 1. 0 1.0 
GF10 .66 .65 • 69 .66 ·.16 .71 .so • so .as .82 .90 •. 90 
GF11 .o 6 .06 • 54 • 53 .71 .70 .08 • 08 • 7 0 • 71 .3 0 .30 
GF12 ·26 .26 • 77 • 72 .so .73 • 68 • €8 .92 .a a .90 .90 
GF13 .53 .53 • 65 .62 .3 0 .72 .76 • 76 • 7 8 • 76 .90 .90 
GF14 .o 6 .06 • 62 • 65 .o6 • oS .24 • 24 • 7 8 .s2 .70 • 70 
GF15 .oo .oo • 61 • 66 .81 .75 .oo • 00 .a o .ss .30 .30 
~F16 .66 .65 • 61 .61 .66 .68 .72 • 72 .81 .81 .9 0 .90 
GF17 .o 6 .06 • 40 • 45 .61 .66 .12 • 12 .60 .o4 .40 .40 
GF1S .13 .13 .66 • 69 • 7 3 • 70 .56 • ~6 • 8 5 .86 .so • 80 
GF19 .s 3 .53 • 62 .64 .16 .70 .66 • 68 • 7 4 • 7 7 .90 .90 
GF20 1.0 1.0 • 69 • 64 .o6 • 62 1.0 1.0 .74 .74 1. 0 1.0 
GF21 .13 .13 • 37 .39 .66 .65 .08 • ()8 .54 .55 .30 .30 
GF22 .B 0 .83 • 49 .55 .b 6 .69 .84 • 84 • 7 2 .74 .90 • 90 
GF23 .2 6 .26 • 53 .59 .b6 • o9 .5o • 5o .71 .76 .so • 80 
GF24 .so • ao • 54 • 57 • 71 .69 .96 • S6 • 7 4 .72 1. 0 1.0 
GF25 .33 .33 .54 .54 .b 6 .69 .26 • 28 • 7 0 .72 .60 •. 60 

-~-----------------------·----------------------------

Note: "F'' denotes the Fineness method and "NF" denotes the 
Non-F 1neness method. gacn . table .ertry represents tne 
prooability that the less a ggreg atE index system had 
a smaller absolute Bias. 



48 

TABf. E· XV II I 

GROUP 1- TELEPHONE DATA 

-----------------...---------·--------~-----------------

Index Systems Com pared 
Flrm 2xl 3x2 4x3 3xl 4x2 4xl 

------ ----- ------ ---- ----- ------Number F NF F NF F NF F NF F NF F !'IF 

-------------------------·-----------------------------
TFl .60 • 60 • 68 • 64 .75 .68 .76 • "16 .as .a o .60 .60 
TF2 .o6 • 66 • 73 • 70 .cso • 10 • 88 • E8 .61 .87 1. 0 1.0 
TF3 .26 .26 • 42 • 38 .60 • 57 .28 • 28 .48 .48 .40 • 40 
TF4 .6 0 .6) .66 .63 .78 .71 .12 • 12 .80 .78 .eo .so 
TF5 • 60 • oO .58 .58 .75 • o8 • 68 • E8 .75 .74 .60 • 60 
TF6 .20 .20 • 48 • 43 .61 • 61 • 20 • 20 .58 .56 .40 • 40 
TF7 .13 .13 • 44 .40 .55 .55 .04 • 04 .54 .46 .10 .10 
TFB .20 .20 • 44 .36 .o5 .56 .16 • 16 .so .46 .3 0 .30 
TF6 .26 .26 • 44 • 45 .60 • 60 • 28 • 28 .s 5 .56 .40 • 40 
TFlO .56 .65 • 66 .63 .71 .66 .66 • 68 .a 4 .so .so .so 
TF11 .oo • 60 • 76 • 66 .85 .74 • 84 • ~4 .65 .ae 1. 0 1.0 
TF12 .73 .73 • 66 .66 .71 .68 .88 • ea .a 2 .eo .60 • 60 
TF13 .60 .6l • 61 .61 .51 .64 .64 • 64 .75 .76 .. so •. 80 
TF14 .40 .40 • 46 • 41 .65 • oO .28 • 28 .55 .58 .60 • 60 
TF15 .so • 80 • 88 .'76 .83 .74 1.0 1 .o • 6 5 • 60 1. 0 1.0 
Tf16 .50 .6l .54 .59 .53 .63 .72 • 72 .1 0 • 71 .so .so 
TF11 .66 • 66 • 70 • 65 .78 • 10 • 76 • 16 .oo .84 .60 • 60 
TF18 .60 • 60 • 64 • 62 .61 • 61 .72 • "12 .11 .75 .so • 80 
TF16 .60 .63 • 62 .61 .58 .66 .72 • 12 • 8 2 .78 .so .so 
TF20 .13 • 13 • 66 • 64 .68 • 06 .84 • E4 .as .ao 1. 0 1.0 
TF21 .60 • 60 • 64 • 61 .75 .66 .12 • "12 .78 .77 .60 • 60 
TF22 .56 .65 • 72 .66 .16 .68 .76 • 76 .60 .83 .. 60 •. 60 
TF23 .a 6 .86 • 76 • 70 .75 • oB .66 • t:6 .62 .86 1. 0 1.0 
TF24 .66 • b6 • 61 • 54 .61 • 61 .68 • t8 .64 .64 .eo • 80 
TF25 • 7 3 .73 • 58 .60 .50 .64 .16 • 16 .11 .75 .60 .60 

-----------------------·--·-----------------·----------
Note: .. F'' denotes the Fineness method and 11 NF11 denotes the 

Non-Fineness method. Eacn tal:lle entry represents tne 
probability that the less a ~greg ate index system had 
a smaller absolute Bias. 
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TABLE XIX 

GROUP 1- WATER DATA 

_,_, ______ ------------ ----....------~------------·-----------------
Index Systems Compared 

Firm 2xl 3x2 4x3 3x1 4x2 4x1 

------~ ------- --------· --·-----· Numoer F NF f NF F Nf F NF F NF NF 
_,_, ____________________ ------------------------------

WF1 
wF2 
WF3 
MIF4 
MIF5 
WF6 
IIMF7 
IIMF8 
WF6 
WF10 
WF11 
WF12 
~F13 
WF14 
WF15 
~F16 

WF17 
WFlS 
WF16 
WF20 
WF21 
WF22 
WF23 
IIIF24 
WF25 

.73 .73 
• o6 • 66 
.66 .65 
.o6 • 66 
.20 • 20 
.73 .73 
• 60 • 60 
.60 • 60 
.46 .4& 
.73 • 73 
.40 • 40 
.66 .65 
.so • 80 
.40 • 40 
.06 .05 
• 60 • 60 
.40 • 40 
.53 .53 
.06 .06 
.60 • 60 
.40 .4) 
• 66 • 66 
.66 • 66 
.60 .6) 
• 60 • 60 

.S6 .76 
• so • 51 
.60 .63 
• 60 • 60 
• 34 • 3S 
.53 .56 
• 53 • 60 
• 46 • 48 
.37 .37 
• 72 • 64 
• 58 • 60 
• 65 • 63 
• 85 • 76 
• 50 • 48 
.36 .37 
• 57 • 53 
• 42 • 46 
• 62 • 61 
.32 .3(l 
• 52 • 53 
.48 .54 
• 58 • 58 
• 11 • 72 
.54 .57 
• 58 • 56 

.53 .76 
• 6 6 • 64 
.5 1 .s 8 
• 6 8 • o5 
• 4 8 • 55 
.51 .55 
.58 • 60 
.so • 55 
.61 .sa 
.73 • 67 
• 6 6 • 66 
.66 .65 
• 83 • 76 
.6 3 • 63 
.48 .53 
.61 .57 
.60 • 63 
.51 .60 
.5·6 • 56 
.so • 51 
.58 .65 
.4 a • s2 
.73 • 70 
.53 • 56 
.56 .58 

.62 • 62 
• 64 • €4 
.84 • S4 
• 72 • 12 
.24 • ~4 
.76 • 76 
• SO • EO 
• 44 • ~4 
.12 • 12 
• SO • EO 
• 72 • 12 
.8B • S8 
1.0 1 .o 
• 40 • ~0 
.OB • 08 
• 64 • €4 
• 40 • 40 
• 76 • 76 
.04 • 04 
• 72 • 12 
.60 • 60 
• 76 • 16 
• 62 • f2 
.76 • 76 
• 80 • EO 

• 61 • 62 
.70 .67 
.74 .73 
.70 .74 
.48 .44 
.64 .64 
.74 .75 
.60 .56 
.44 .44 
.81 .so 
.74 .75 
.15 .15 
.65 .62 
.61 .62 
.3S .38 
.55 .56 
.62 .61 
.70 .67 
.41 .36 
.52 .57 
.71 .70 
.65 .66 
.61 .81 
.68 .68 
• b s • 70 

1. 0 1. 0 
• 80 • 80 
.80 • 80 
.80 • 80 
.20 • 20 
.60 .60 
1. 0 1. 0 
.60 • 60 
.30 •. 30 
1. 0 1. 0 
.60 • 60 
1. 0 1. 0 
1. 0 1. 0 
.60 • 60 
.oo • 00 
.10 .70 
.so • 50 
-.60 .•. 60 
.oo .oo 
.so • so 
.so •. 80 
• 80 • so 
1. 0 1. 0 
.8 0 •. 80 
.60 • 60 -----------------------------------__________ ,___ ___ .. _ 

Note: "F" denotes the Fineness method anci "NF .. denotes the 
Non-Fineness method. Eacn table entry represents tne 
probability that the less a9gregate index system had 
a smaller absolute !lias. 
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TABLE XX 

GROUP 2- ELECT FI C DATA 

----------------------------------------------- ---~----------~~----
Index Systems Comt:ared 

Firm 2xl 3x2 4x3 3xl 4x2 4xl 

-~----

_, ____ ------- ---·--- ------- ------Number F NF F NF F NF F Nf F NF F NF _____ _. ________________ --·------------________ _._ ______ 
£Fl .40 .4) • 73 .6B .33 .76 .76 • 76 .o1 .81 .60 • 60 
EF2 .o3 • 63 • 66 • 77 .63 .77 1.0 1.0 1. 0 .62 1. 0 1.0 
EF3 .66 .65 • 65 .61 .7 8 • 72 .66 • 68 .81 • 76 .so .ao 
EF4 1.0 1.0 • 66 • 76 .65 .16 1.0 1.0 1. 0 .o1 1. 0 1.0 
EF5 .73 .13 • "73 • 67 .83 .74 .eo • EO .61 .86 .60 • 60 
EF6 .86 .as • 86 .74 .60 .75 1.0 1.0 .67 .60 1. 0 1.0 
EF7 .o6 • o6 • 82 • 73 .oO .16 • 62 • f2 .o4 .86 1. 0 1.0 
EFB .so • 80 • 63 • 77 .68 .77 1.0 1 .o 1. 0 .63 1. 0 1.0 
EF6 .63 .63 • S4 .73 .35 .73 .66 • 66 .6 5 .a a 1. 0 1.0 
EF10 .86 • 86 • 86 • 76 .oo .71 • 6o • fa 1. 0 • 63 1. 0 1.0 
EF11 .63 .63 • 82 • 73 .86 .76 • 66 • f6 .67 .60 1. 0 1.0 
EF12 .63 .63 • 62 .76 .o 6 .78 1.0 1 .o .6 8 .62 1. 0 1.0 
EF13 .86 • 86 • "74 • 68 .ao • 71 .sa • E8 .61 • a5 1. 0 1.0 
EF14 .a6 .86 • 86 • 75 .66 .77 .66 • E6 .68 .61 1. 0 1.0 

. EF15 .60 .6) • 68 .63 .3 0 .72 .64 • 64 .a 2 .ao .so .so 
EF16 .o3 • 63 • 82 • 75 .83 .75 1.0 1.0 .o2 .a6 1. 0 1.0 
EF11 .63 .63 • 60 • 74 .63 .16 1.0 1 .o .68 .60 1. 0 1.0 
EF18 .60 .6) • 73 .70 .B 3 .76 .76 • 76 .6 0 .sa .60 • 60 
EF16 1. 0 1.0 • 64 • 77 .o1 • 75 1.0 1 .o .o7 • oo 1. 0 1.0 
EF20 .63 • 63 • 60 .15 .63 .75 1.0 1.0 1. 0 .61 1. 0 1.0 
EF21 .66 .65 • S2 .71 • f) 0 .16 .as • aa .6 5 .62 1. 0 1.0 
EF22 .66 .o6 • 16 .10 .81 .75 • 84 • f4 .oo .86 .60 • 60 
EF23 1. 0 1.0 • 66 .78 .63 .?a 1.0 1 .o 1. 0 .62 1. 0 1.0 
EF24 .a o .al • 86 .75 .s 6 .75 1.0 1 .o .67 .60 1. 0 1.0 
EF25 .a 6 • 86 • 88 • 75 .oo .18 .6o • f6 1. 0 • 63 1. 0 1.0 

------------------------------------------------..e--
Note: "f' .. denotes the Fine ness method and ttNF 11 denotes the 

Non-Fineness method. Eacn taole. entry represents tne 
probability that the J.ess a gg.reg at 4ii index system had 
a smaller MSE. 
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TABLE XXI 

GROUP 2- GAS DATA 

_______ ._ ____ .._ __________ ~----.. -------------·-------... ---------·-----
Index Systems Compared 

Firm 2xl 3x2 4x3 3xl 4x2 4xl 

------- -·----- ------ -----' ... ------- ----4-Number F NF F NF F NF f NF F NF f' NF 

---------------------------------------------------------
GF1 .s 3 .53 .64 .68 .71 .71 • 72 • 72 .82 .as .60 • 60 
GF2 .a6 • 86 • 11 • 72 • 7 5 • 72 .66 • €6 • 6 0 .a7 1. 0 1. 0 
(;F3 .66 .6S .73 .67 .a 5 • 7 2 .88 • 88 .6 4 .86 1. 0 1.0 
GF4 .66 • b6 • 61 • 66 • 7 6 .12 • 62 • t2 .85 .a4 1. 0 1.0 
GFS .66 • 66 • 6a • 68 • 7 s • 71 .88 • E8 .87 .a6 .60 • 60 
GF6 .B 6 .as .7a .66 .3 6 .74 1.0 1 .o .6 2 .87 1. 0 1.0 
GF7 .o6 • 66 • 66 • 6a .16 • 72 • 62 • f2 .a a .as 1. 0 1. 0 
GF8 .73 .13 • 6a • 66 .76 .72 .62 • f2 .a 8 .83 1. 0 1.0 
GF6 1.0 1.) • 70 .66 .3 3 .75 1.0 1 .o .a a .86 1. 0 1.0 
GFlO .26 .26 .So • 62 .10 .70 .48 • 48 .71 .so .70 • 70 
GFll .66 .66 • 72 .66 .7 5 .73 .84 • E4 .a 8 .as .60 .60 
GF12 .60 .6l • 76 .68 .~n .73 • 76 • 16 .a a .as .60 •. 60 
GF13 .66 • 66 • '17 • 72 .a1 • 73 • 84 • E4 .bO .a1 .60 • 60 
GF14 .66 • 66 • 78 • 70 .a6 .74 .80 • EO .6 2 .a'1 .60 • 60 
GF1S .60 .6) • 80 .71 .a 3 .74 .76 • 16 .61 .a7 .60 .60 
GF16 .73 .13 • 64 • 65 .15 .66 • 80 • EO • 81 .ao .60 • 60 
GF17 .66 .66 • 72 • 66 • 7 6 .71 • 62 • €2 .8'1 .83 1. 0 leO 
GF18 .60 .6) • 76 .65 .3 0 .72 .76 • 76 .a 1 .84 .,60 •. 60 
GF16 .53 • 53 • 78 • 72 .83 .16 .a4 • E4 .b2 .8a .60 • 60 
GF20 .63 .63 • 78 .66 • 7 a .71 1.0 1 .o .62 .86 1. 0 1.0 
GF21 .53 .53 • 66 .66 .8 0 .74 .76 • 16 .a 5 .a3 .60 •. 60 
GF22 .a 6 • 86 • 82 • 70 .81 • 13 • 6{) • E6 .o4 .8'1 1. 0 1.0 
GF23 .73 .73 • 64 • 67 • 7 3 • 71 .62 • €2 .a 4 .83 1. 0 1.0 
GF24 .86 .as • 80 .70 .B 3 .76 .66 • 66 .64 .88 1. 0 1.0 
GF25 .46 .46 • 73 • 66 .78 • 74 • 6a • t8 .84 .84 .so • 80 

-----------------------------------_...,-------------------
Note: llf .. denotes the Fineness methcd and "NF 11 denotes the 

Non-Fineness method. Eacn table entry r epr esen ts tne 
probability that the less a~gregate index system had 
a smaller r4S E. 
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TA BI..E XXII 

GROUP 2- TELEPHCNE OAT A 

_._ ________ ,_, _____ ~ ...... ----------- ... _ ----------____________________ ..., ____ ._ 

Index Systems Com t:ared 
Firm 2x1 3x2 4x3 3x1 4x2 4x1 

------ ---·--- --------· ---·--- --------- ------Numoer F NF F NF F NF F NF F NF f NF 

----------------------------------------------~----
TF1 .63 .6 3 • 74 .65 .3 5 • 74 .66 • 66 .61 .87 1. 0 1.0 
TF2 .86 • 86 • 86 • 74 .6 3 • 77 .66 • t:6 .68 .61 1. 0 1. 0 
TF3 .7 3 .7 3 .80 • 72 .6 0 • 76 .as • 88 .6 5 .60 1. 0 1.0 
TF4 .86 • 86 • 88 • 76 .a8 .76 • 66 • f:6 .o7 • 61 1. 0 1.0 
TF5 .86 .86 • a1 • 70 .83 .73 .66 • t:6 .6 4 .87 1. 0 1.0 
TF6 .86 .as • 86 .73 .3 5 .74 .66 • 66 .6 8 .60 1. 0 1.0 
TF7 .66 • 66 • 84 • 72 .86 .76 1.0 1.0 .o4 • 60 1. 0 1.0 
TF8 .66 .66 • 78 • 70 .83 .73 .80 • EO .a 8 .86 .60 • 60 
TF6 .46 .45 • 70 .63 .a 5 .73 .64 • 64 .a 5 .81 .ao .8o 
TF10 1. 0 1.0 • 88 • 74 • 83 • 73 1.0 1 .o .65 .88 1. 0 1. 0 
TF11 .60 • 60 • 68 • 6a .a 3 .75 .76 • '76 .a 7 .86 .60 • 60 
TF12 .66 .65 .a4 .73 .B 6 .75 .84 • a4 .65 .86 1. 0 1.0 
TF13 .86 • 86 • 78 • 71 .so • 72 • 6o • t6 .o4 .sa 1. 0 1.0 
TF14 .so • 80 • as • 74 .61 .78 1.0 1 .o .6a .62 1. 0 1.0 
TF15 .63 .63 • a4 .73 .B 8 .75 1.0 1 .o .65 .a a 1. 0 1.0 
TF16 .86 • 86 • 77 • 72 .81 • 72 • 66 • E6 .65 .86 1. 0 1.0 
TF17 .86 .86 • 88 • 73 .61 .75 1.0 1 .o .6 7 .60 1. 0 1.0 
TF18 .63 .63 .74 .70 .73 .71 .65 • 66 .61 .87 1. 0 1.0 
TF16 .63 • 63 • 73 • 70 • 7 8 • 72 1.0 1 .o .oo .86 1. 0 1.0 
TF20 ·63 .63 • a4 • 73 .a 3 .73 1.0 1 .o .67 .88 1. 0 1.0 
TF21 .86 .as .81 .72 .3 8 .74 1.0 1 .o .6 5 .a a 1. 0 1.0 
TF22 .80 • 80 • Bo • 73 .61 .76 • 66 • tb .61 • 60 1. 0 1.0 
TF23 .ao • 80 • a6 • 74 .61 .77 .sa • EB .65 .61 1. 0 1.0 
TF24 .63 .63 • BB .75 .B 5 .75 1.0 1 .o .67 .61 1. 0 1.0 
TF25 .66 .66 • 72 • 66 .83 .75 • 76 • '76 .o1 • 60 .60 • 60 

-----------------------------------------------------
Note: "F II denotes the F 1 ne ness method and 11 NF" denotes the 

Non-Fineness method. Eacn taole entry represents tne 
probability that the less a~gregate index system had 
a smaller MSE. 
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TABLE XXIII 

GROUP 2- WATER DATA 

----------------·---------·-.-.------------~--------------

Index Systems Com~;:ared 
Firm 2xl 3x2 4x3 3xl 4x2 4Xl 

----- ------ ------ ------ ----- ---... -Number F NF F NF F NF F Nf F NF F NF 
_ ... _____ .._. _________ . ________ ---------------·--------·------------·----

IIWFl .73 .73 • 73 • 71 .ao .75 .92 • ~2 .92 .89 1. 0 1. 0 
WF2 .60 .6 0 .73 .65 .6 1 • 7 3 • 76 • 76 .8 7 .a 4 .9 0 .90 
wFJ .53 • 53 • 50 .58 .{)3 • o4 • 60 • tO .oa .71 .80 • 80 
IIIF4 .46 .46 • 52 • 54 .10 • 67 • 48 • 418 • 7 2 .72 .70 .70 
WF5 .33 .33 • 58 .63 .71 .71 .64 • 64 .a 4 .84 .9 0 •. 90 
IIWF6 .73 • 73 • 73 • 66 .78 .10 • 80 • fO .84 .82 1. 0 1. 0 
WF7 -73 .73 • 73 • 66 .80 .72 .84 • €4 • 8 8 .84 1. 0 1.0 
WF8 .33 .33 • 68 .65 .71 .71 .64 • 64 .as .S3 .80 .so 
IIIF9 .73 .13 • 6o • 62 .78 .12 .7o • 16 .85 .80 .90 .90 
IIIF10 .66 • 66 • 73 • 67 .80 • 70 .84 • f4 .9 2 .86 1. 0 1.0 
WF11 .B 0 .8) • 81 .71 .B 3 .74 .96 • 96 .9 4 .88 1. 0 !.0 
WF12 .93 • 93 • 82 • 71 .78 .12 1.0 1.0 .92 .88 1. 0 1.0 
WF13 .46 .46 • 64 • 65 • 7 5 • 74 .68 • €8 • 8 0 .84 .90 .90 
WF14 .40 .4) • 64 .67 .31 .74 .68 • 68 .a 1 • s 6 .90 .90 
wF15 .o6 • 66 • 66 • 65 .78 .71 • 84 • E4 .87 .S4 1. 0 1.0 
WF16 .26 .26 • 64 • 62 .so .76 .48 • 418 .a o .82 .80 .ao 
WF17 .53 .53 • 64 .58 .78 .72 .60 • 60 • 7 8 .16 .80 •. 80 
WF18 1. 0 1. 0 • 81 • 72 .80 • 74 1.0 1 .o .91 .88 1. 0 1.0 
WF19 .so • 80 • 70 • 66 • 7 6 .69 .96 • ~6 .91 .85 1. 0 !.0 
WF20 .40 .4) • 66 .64 .75 .71 .68 • 68 .a 4 .82 .80 •. 80 
WF21 1. 0 1.0 • 88 • 72 .83 .74 1.0 1.0 .92 .86 1. 0 1.0 
WF22 .80 • 80 • 68 • 64 .71 .68 • 76 16 .80 .78 .90 .90 
WF23 • 73 .73 .78 .70 .83 .73 .92 • 92 .9 5 .88 1. 0 1.0 
wF24 .o6 • ()6 • 62 • 62 .71 .o8 • 72 • 12 .75 .76 .80 • 80 
WF25 .33 .33 • 46 • 54 .6 3 .68 .52 • 52 .68 .72 .70 • 70 _.__. ______________ . __ . ________ ... ._. ____________________________ .._ 

Note: "F" denotes the Fineness method and 11 NF .. aenotes the 
Non-Fineness method. Each tao1e e (ltry represents tne 
pro.bab111 ty that the 1 ess a ggreg ate index system nad 
a smaller MSE. 
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The group 1 (Bias) and group 2 (MSE) prooaoility data 

presented in Tables XVI througn XIX anc XX tnrough XXIII, 

respectively, were analyzed using two A.NOVA procedures. The 

results, shown in Table xxrw, were very simila~ 

Table XXIW snows that, for botn groups of dat~ all 

effects were signif1cant. 1 That if, there was statistically 

significant evidence tnat all main effects ha Cl some 

differences and that interactions were present. 

TABI.E XXIV 

RESULTS OF ANOVA 

----------------------------------------------------
Degrees Group 1 Data Group 2 Data 
of F F 

Source Freedom Value Significance Value Significance _______________ ., _____________ ._ ______________________________________ 

I 3 6.0 • 000 s 14. 0 .0001 
F(I) 96 895.2 .0001 240. 2 .0001 
c 5 53.2 .0001 172.3 .0001 
Cxl 15 4.8 • 000.1 3. 9 .0001 
CxF( I) 480 78.5 .0001 32. 2 .0001 
M 1 29.2 .0001 351.3 .0001 
Mxi 3 8.1 .0001 20.4 .0001 
MxF(I) 96 3.1 .0001 3. 2 .0001 
CxM 5 22.1 .0001~ 267.0 .oo 01 ~ 
IxCxM 15· 6.0 .0001• 16. 4 .oo 01* 
Error 480 
Total 1199 

----------------------------------------,---------
Note: "In denotes Industry; 11 F" denotes firm; "C" denotes 

Comparisons; 11 M., denotes totethcd (Fineness or 
Non-Fineness); and () denotes a nesting. 

* Although the significance levels of tnese effects are 
presented, they are not discussed because tne 
presence of tnese interacticns does not atfect the 
interpretation of rna in effect diff ecence s. 
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Routinely, one would not have expected that all eftects 

would have been statistically slgr:iticant. However, ln tllis 

case, because of the large number of coservations in each 

group ot data (1200) and the resulting large error oegrees 

of freedom (480), even very small main effect differences 

and interactions were detectable. The r ema 1nder of tnis 

section includes a discussion of each hypothesis, a judgment 

ot the extent of main effect differences, and a judgment of 

whether the presence of interacticns seriously inhibited the 

interpretation of main effect differences. 

Hypothesis 1 tested it the six comparison 

probabilities, on average, were different. The ANOVA's for 

both groups of data indicated there were statistically 

significant differences. Duncar.•s test was performed to 

determine which comparisons were sl.gniticantly different. 

Table XXV shows the average proOebllltl.ES tor botn group 1 

(Bias) and group 2 (MSE) Clata sets, and reports the results 

ot both Dune an• s tests. 

Table XXV clearly shows, for botn groups of data, tnat 

increasing the number of indices die tend to improve 

valuation accuracy. Even a moderate increase in the numoer 

ot indices used resulted in a s1gnif1ccnt increase in the 

probability that the higher index system had 1 ess errClr. 

Consider for example tne gro\Jp 1 data. The probilbility 

that a two index system was more accurate than a one index 

system was only .56 • However, the probability that a four 

index system was more accurate ttJan a one index system was 
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·.78 • Tne addition of two indicEs imprcved the prob~bility 

by .22. The same trend was evident in the group 2 dcta. 

TABLE XXV 

COMPARISON M£AN PROBABILITIES 

--------------------------------~-

Data Index Systerns Compared 
Group 2xl 3x2 4X3 3xl 4x2 4xl 

---------------------------------
1 .s 6 .60 .67 • 66 .74 .78 

El Dl Cl Cl Bl Al 

2 .73 .73 .78 • 86 .88 .94 
E2 E2 D2 C2 82 ll2 

--------------·----------------------
Note: Average prooab1lit1es with the 

same letter were not s1yr1ficantly 
d1f.f er ent at an alpha level of 
five percent. 

Hypothesis 2 tested lf an~ comp2rison ana industry 

interactions ~ere presen~ The ANOVA•s tor both grcups (1 

and 2) of data indicated that lnteractions were present. 

Figure 1 charts each industry•s ccmpar1son means fer both 

data groups. Clearly, tne industry lines ~ere not pcrallel 

and tnus interactions were present. However, each industry 

showed the same upward trend. That 1s, increasing the 

number of indices, increased tr.e probability of a more 

a ccut·ate valuation. Thus, tns presence of interactions did 
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not inhibit interpretation of the Hypotnesis 1 results. 

Hypothesis 3 tested if, on c:verage, probabilitles tor 

tne Fineness method were different thar probab111tles for 

the Non-Fineness method. The ANOVA's for both sets of data 

indicated there were statistically signiticant differences. 

The average probabilities for the group 1 data were .67 and 

.66 respectively. The average prcbc:bilities for the group 2 

data were .84 and .81 , respectively. In both groups of 

data, the results indicated that increasing configuration 

fineness marginally improved valuction 

above that which could be· expected frotr 

the number of indices. 

accuracy over and 

simply increasing 

Hypothes1s 4 tested if there 

industry interactions. The ANOVA's 

were any method and 

indicated the presence 

of inter actions. Figure 2 char. ts each industry •s aver age 

probaDility, by method, for both ~ets of data. Clear-ly, the 

llnes, while not parallel, displc:yed tne same upward trend. 

I.t was concluded tnen, that eactl lndus try 

general trend and that interpretation of 

results were not inhibited by thE preserce 

method interactions. 

snowed the same 

:I YP othesis 3 

o t indus try and 

Hypothesis 5 tested if average probabilities fer each 

industry were tne same. The ANCVA•s ir.dicated tnat, tor 

both sets of data, the industries were different. Taole 

XXVI snows the industry avera~e probabilities and the 

results of Duncan•s test tor botb group 1 and group 2 data 

sets. 
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TA Bl.E XX U 

INDUSTRY AVERAGE PROBABILITIES 

_______________ , _____________ , __ -------·--· 
Data Industry 
Group Electric Gas Telephone Water 

-----------·----·-------------·-----------
1 .78 • 62 .t>6 .62 

A1 81 81 Bl 

2 .87 .80 .B 6 .15 
A2 82 A2 C2 

------------------------------
Note: Ave rage ? robab1l 1 ties ill ith the 

same letter were not 
significantly different at an 
alpha level of five percent. 
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An interesting trend was noticed ir: Table XXVI. For 

both groups of data, the electr1c industry nad the nighest 

probability followed by the telethone irdustry. That 1s, 

the electric and telephone industries, on average, showed 

the greatest improvement in valuctlon accuracy as a result 

of increasing the number of 1na1ces usEd. Alternatively, 

the gas and water industries, on average, snowed the least 

improvement in valuation accuracy as a result of increasing 

tne number of indices used. 

This result was easily explained. Sunder (1978) sho•ed 

that the closer a firm • s vector cf asset proportions was to 

tne industry-wide vector of avercge asset proportions, the 

more accurate valuations would be. 'Ihis conclusion was 



61 

based on the fact that Bias and MSE are functions ot the 

difference between the firm•s ow~: specific asset weightings 

and the industry-wide asset weightings. Naturally, as tnis 

difference approaches zero, since Bias a~d ~SE are functions 

of this difference, Bias and MSE cpproach zero. 

As applied to the tour industries examined in this 

study, this meant the more homoger.eous the firms were with 

respect to asset weightings, tne lEss of a need to increase 

tne numoer of indices used to achieve valuations of suitaole 

accuracy. Alternatively, industries with less homogeneous 

f1rms exhibited a need for the use of more indices to ensure 

reasonably accurate valuations. Table XXVII details an 

analysis of tne variance 1n asset proportions within each of 

tne four industries. Tne refults indicated that the 

electric and telephone industries tended to have the highest 

variance~ Thus, these industrtes had the nighest average 

probabilities that increasing the numoer of indices used 

would improve valuation accuracy. Likewise, because the ;Jas 

and water industries tended to have the smallest variances 

o:t asset weightings, tnese industries had the smallest 

average probabilities that increasing the number of indices 

used would improve valuation accuracy. Judging from Tal>le 

XXVI , even small increases 1n the industry-wide vari~nce of 

asset weightings seems to have a large e tfect on the average 

prooaoili ties. This pronounced eft ec t may s ig nit lc antly 

limit extension of the study conclusions to industri.es tnat 

are considerably more or less homcgeneous. 
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VARIANCE OF AS SET P .RO PORTIONS BY 
INDUSTRY 
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----------------------·-----------------------------
Industry 

Electric Gas Tel epn one Water 

-----------------------·---------------------------
EA1 - .0052 
E·A4 - • 0224 
EA 6 - • 0057 
E'A12- • 0125 
EA23- .0274 

GA 3 - .000 2 
GA 4 - • 000 3 
GA 5 - • 007 4 
GA.6 - • 0 03 3 
GA 18- .005 2 

T A2 - .0 ()36 
T .A3 - • 0 028 
T.A4- .OC12 
T AS - .0 010 
TA10- .0137 

WA5 - .0042 
WA 1 - • 000 6 
WA9 - .0081 
WA10- .0040 
WA 11- • 0004 ____________ ,.. _____________________ ----------------

Hypothesis 6 tested if, within ec:ch industry, firm 

average probabil1 tl es were the falr.e. Tne ANOVA results 

indicated that for both groups of data there were 

statistically significant differer;ces bet•een the flrms. 

Tables XXVIII and XXIX show each flrm•s average probability 

for tne group 1 and group 2 datu: sets respectively. The 

t.ables show that there were large variations 1n flrm average 

probabilities within each industry. r urtner, some f irm• s 

average probabilities, that a lEss aggregate index system 

was more accurate, were as low as or lower tnan .40 (for 

example firms Gf17, Gf21, Tr7, Tf8, Wf~, Wf9, Wfl5, and 

WF19). These low probab1llties were associated with firms 

whose vectors of asset proportions were very similar to the 

industry-lllide vector of average asset proportions ~nd so 

increasing the number of tnaices cid not appreciably improve 

valuation accuracy. 



TAB LE K K V 1 I I 

GROUP 1 FIRM AVERAGE PROBABILITIES 

----~---------------------------
F 1rm I nd tJS try 
Numoer Electric Gas 1elephona Water 

1 
2 
3 
4 
5 
6 
1 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1a 
19 
20 
21 
22 
23 
24 
25 

.61 

.as 

.63 

.89 
• 65 
.77 
.80 
.a a 
.69 
.83 
.88 
.as 
• 74 
.89 
.6a 
.67 
.a a 
.75 
.a7 
.a7 
.63 
.75 
.a? 
• 72 
.as 

.1 0 

.a4 

.43 

.so 
• ol 
.85 
.43 
.54 
.a7 
.11 
.40 
.71 
.72 
.52 
.42 
.13 
.3 7 
.62 
.70 
.a4 
.35 
.74 
.60 
.19 
.52 

.74 

.a1 

.40 
• 71 
.70 
.40 
.29 
.3 6 
.42 
.72 
.a1 
.1a 
.61 
.4a 
.89 
.61 
.11 
.58 
.10 
.79 
.72 
.16 
.86 
.66 
.12 

• 88 
• 65· 
• 71 
• 69 
• 33 
• 68 
• 71 
• 53 
• 38 
• 78 
• 61 
• 76 
• 89 
• 52 
• 23 
• 61 
• 49 
• 68 
• 23 
• 61 
• 61 
• 66 
• 82 
• 65 
• 69 

Note: Each table entry represerts the 
average prooaD111ty that the 
less aggregate incex system had 
a smaller aosolute Bias. 
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TA BI..E XXIX 

GROUP 2 fiRM AVERAGE P!ROBAB ll.ITIE:S 

_,... ____________ . _______________ ~_,_ ____ 
Firm IndtJS try 
Number Electric Gas Telephore Water ____ ,.. ________ ---------------------

1 .7 4 .72 .88 • 84 
2 .93 .86 .9 0 • 76 
3 • 72 • S2 .85 .63 
4 .94 .so .90 • 59 
5 .so .78 .a 8 • 67 
6 .90 .sa .S9 .eo 
7 .85 .S1 .S6 • 81 
8 .91" .82 .19 • 66 
9 .89 .S9 .10 • 17 
10 .90 .58 .91 • eo 
11 .90 • 7 B .76 • 87 
12 .93 .77 .s3 • 89 
13 .85 .so .81 • 11 
14 .91 .80 .9 0 .71 
15 .71 .78 .90 • 79 
16 .90 .76 .81 • 62 
17 .92 .81 .9 0 • 67 
18 .71 .16 .81 .90 
19 .93 .78 .88 • 84 
20 .92 .BB .9 0 • 68 
21 .84 .74 .89 • 91 
22 .so .S7 .88 • 76 
23 .94 .81 .67 • 85 
24 .89 .88 .91 • 11 
25 .90 .71 .78 • 57 

-----------·--------------------------...... -
Note: Each table entry represer.ts tne 

average probability tnat the 
less aggregate lncex system had 
a smaller MSE. 
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Hypothesis 7 tested if there were any tirm and metnod 

interactions, within each industry. rne A~OVA results 

indicated that interactions were present 1n each group of 

data. Table XXX indicates that ir. group 1, fifty-two of one 

hundred firms showed a hi gn er average prooao tli ty tor the 

Fineness method versus the Non-Fir.eness uethod. Table XXXI 

indicates that in group 2, eightJ•nine cf one nundred firms 

snowed a nigher average prooaDilitY for .the Fineness methad. 

Interestingly, the Fineness effect was most evident in the 

electric and 'telephone industries. Past analysis nas shown 

tne t1rms within these industri~es were more neterogeneous 

than firms in the gas or water lncustries. 

Hypothesis 8 tested if, within eacn industry, there 

were any firm and comparison interactions. Tne ANOVA 

results indicated that, in Doth gioups ot data, inter2ctions 

were present. Table XXXI_! 1nc1cates tnat in group 1, 

ninety-one of one hundre-d firms showec the same general 

(although not exact) trend. That ls, 1r:creas ing tne nurnDer 

of indices improved valuation accuracy. Table XXXIII 

indicates that in group 2, ninety-tnree ct one nundred tirms 

snowed a sirn.llar trend. Ot thE few firms that dld not 

exhibit the general trend, most iiere firms wnere tne use of 

more 1na1ces resulted in the same level of accuracy. Even 

though interactions were present, TablEs X.XX.II and XXXIII 

indicate that nearly all tirms snowed a similar general 

trend. 

Summarizing, the analysis of groups 1 and 2 resulted in 
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TABLE XXX 

GROUP 1 FIRM AVERAGE P ~OBAB IL ITI ES FOR 
THE FINENESS AND NON-FINE NESS 

METHODS 

----~----~~------------~--------------~~--~--~----~----
F 1rm Electric Gas Te lepnone w ~ter 

-------- ------- ------- ----... 
Number F NF F NF F NF F NF ___ ..... _____________________ ._ ___ " ________ .... _. ____ ._ _ _.. ____ _._., ____________ 

1 • 61 .62 .10 .11 • 15 • 73 • so • 85 
2 .36 .83 .65 .a 2 .. 83 .so • 66 .65 
3 • 63 • 64 .43 .44 • 41 .39 • 11 • 70 
4 .92 • 86 .49 • 51 • 12 • 70 • 69 • 69 
5 .ss • 65 .50 .61 • 71 .69 • 32 .33 
6 .78 • 76 .86 • 84 • 41 • 40 • 68 • 69 
7 • 81 • 79 .43 .44 • ~0 • 28 • .iO .12 
8 • ~0 • 86 .54 .54 • 37 .35 • 53 .54 
9 • 69 • 69 .87 .86 • 42 • 42 • 38 .38 
10 .84 • 82 • 7 8 .76 • 12 • 71 • 80 • 77 
11 .n • 86 .40 .39 • 83 .79 • 67 • 67 
12 • 87 • 83 .72 • 69 • 18 .11 • 17 .16 
13 .73 • 75 • 73 .11 • f.1 • 61 • 90 • 87 
14 .n • 86 .51 .52 • 49 • 48 • 52 .52 
15 • 68 • 69 .42 • 42 • 91 • 86 • 22 .23 
16 .66 • 68 .13 .73 • €6 • 67 • 61 • 50 
17 -~1 • 85 .3 6 .39 • 78 .75 • 49 .so 
18 .7o • 73 .o2 • 62 • €9 • 68 • c8 • o8 
19 .89 • 86 .10 • 70 • 10 • 69 • 23 • 22 
20 .39 • 85 .a 5 .83 • 80 .• 78 • 61 • 62 
21 • 62 • 63 .3 4 .35 • 13 • 71 • tl • til 
22 .75 • 75 .73 .75 • 18 .75 • 65 • 66 
23 .B9 • 84 .-59 .61 • 87 .84 • 83 • 81 
24 • 71 • 72 .19 • 19 • t7 • 65 • 65 • 66 
25 .91 • 85 .52 .52 • 12 .73 • 69 • 69 _____________ ._ _____________________________________ . ________ ._..,.._ ____ 

Note: llfll denotes the Fineness m Ettlod and "Nf'" denotes 
the Non-Fineness me tnoa. 
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TA. Bf. E X. X XI 

GROUP 2 FIRM AVERAGE P ROBAB IL ITI.ES FOR 
THE FINENESS AND NCN-FINE ~ESS 

METfi 00 S 

--------------------- ....._. ___________ ------~----------
Firm Electric Gas Telephone Water 

-------- _ _, ____ ---------·- ------Number f' NF F NF F NF F fH" 

----------------------------------------------~- ..... ---
1 .15 • 72 .72 .13 • 90 .86 • E5 • 83 
2 • 97 • 90 .81 .as • 53 • 87 • 78 • 75 
3 .13 .71 .~ 4 .8 0 • 87 .83 • 62 .64 
4 • 98 • 90 .so • 80 • 52 • 87 • 59 .59 
5 • 81 • 78 .79 .78 • so • 85 • 67 • 61 
6 .93 • 87 .9 0 .86 • 92 • 86 • 81 .78 
1 • 87 • 83 .31 • 80 • ~a • 84 • E3 • 80 
8 .95 • 88 .83 • 81 • El .11 • 67 • 66 
9 .92 • 87 .90 .as .12 • 68 .78 .75 
10 • 93 • 88 .5r'1 .59 • S4 • 89 • E2 • 79 
11 .92 • 88 .79 .78 • 17 .75 • 89 • 85 
12 .96 • 90 .1 a .75 • 86 .81 • 91 • 87 
13 • 86 • 83 .81 .19 • e9 • 85 • 10 .11 
14 .94 • 87 .a 2 .78 • 53 • 87 • ·n • 71 
15 .72 .70 .a o .76 • 93 .sa • 80 • 78 
lo • 92 • 88 .77 .76 • e9 • 8o • t:3 • 62 
17 • 95 • 89 .a 2 • 80 • 53 • 87 • 69 • 66 
la .78 .76 .78 .75 • 88 .86 • 92 .89 
19 • 97 • 90 .80 .11 • E9 • 86 • ES • 82 
20 .96 • 89 .90 .86 • 52 • 88 • 69 • 61 
21 .~7 • 82 .75 .73 • 92 • 87 • 94 • 88 
22 • 81 • 78 .90 • 85 • 51 • 85 • 11 .16 
23 .98 • 91 .81 • 81 • c;o • 85 • 87 .82 
24 .~l .86 .9 0 .86 • 93 .89 .71 .71 
25 • 93 • 88 .11 .10 • 19 .18 • 55 • 58 

----------------------------~---------------------~-
Note: upu denotes the F' ineness method ar.d ''NF •• denotes 

the Non-fineness me tnod. 
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TABLE XX l!I I 

GROUP' 1 FIRM AVERAGE COHPARISON 
PROBABILITIES 

_______________________________________ ..,. __________ 
Firm Electric Gas Te lepnone water 

------- ~----- ---------·- ------Number 4Xl 2xl 4X1 2xl 4.xl 2xl 4.Xl 2xl 

-----------------·----.-----------------.·--·------------------· 
1 • 80 • 40 .90 .53 • ~0 • 60 1.0 .13 
2 1.0 • 8 0 1. 0 .9 3 1 .() .66 • 80 .66 
3 • 70 • 73 .40 .13 • 40 .26 • EO • 66 
4 1.0 • 86 .60 .13 • €0 • 60 • eo • 66 
5 .ao .53 .3 0 .33 • 90 • 60 • 20 • 20 
6 • 90 • 73 1. 0 • 80 • 40 .20 • 90 • 13 
7 .90 • 86 .40 .13 • 10 .13 1.0 .60 
8 1.0 • 86 • (j 0 .53 • 30 .20 • 60 • 60 
9 • 80 • 66 1. 0 1.0 • 40 .2o • 30 .46 
10 1.0 • 66 .90 • 66 • eo • 66 1.0 .13 
11 1.0 • 80 .30 .06 1.0 • 60 • 90 • 40 
12 1.0 • 80 .90 • 2 6 • c;o • 73 1.0 • 66 
13 • 90 • 66 .90 .53 • EO • 60 1.0 • 80 
14 laO .86 .1 0 .06 • 60 • 40 • 60 • 40 
15 • 80 • 73 .30 .oo 1.0 • 80 • 00 .06 
16 • 80 • 53 .90 • 66 • fO • 60 .10 • 60 
17 1.0 • 86 .40 .06 • 90 • 66 • 50 • 40 
18 • 90 • 66 .ao .13 • EO • 60 • 90 • 53 
19 1.0 • 86 .90 .53 • eo • 60 • 00 .06 
20 1.0 • 86 1.0 1.0 1 .o .73 • 80 • 60 
21 • 80 • 46 .3 0 .13 • ~0 • 60 • so • 40 
22 .90 • 66 .90 • 80 • c;o • 66 • 80 • 66 
23 1.0 .so .3 0 .26 1 .o .86 1.0 .66 
24 • 90 • 66 1. 0 • 80 • eo • 6() • so • oo 
25 1.0 • 80 .60 .33 • c;o • 73 • 90 • 60 -----------------.·----------- _._. _____________________ ._._ ... ._ __ ._ ... _____ 

Note: Due to space limi ta ti ons, cnly co~rpartsons 4x1 and 
2xl are presented in this taole. These comparisons 
were tne two extreil es amon~ the s 1x c Oill par 1 sons. 
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TAS L£ KXX II I 

GROUP 2 Fl.RM A. VERAG E COMPA HSON 
PRO BABILIT lES 

__ _. _________ . _____ ..,. ______________ -·--·---------------..------.... -------
Firm Electric Gas Te lepnone '-ater 

------ ------- ______ ....,_ --------
Number 4 x:1 2xl 4x1 2x1 4 x1 2x1 4.x1 2x1 

-----------------------------------------------------------
1 • 90 • 40 .90 .53 1.0 • 93 1.0 .73 
2 1.0 .93 1. 0 .86 1.0 • 8o • so • 60 
3 • 80 • 66 1. 0 .66 1.0 • 73 • 80 • 53 
4 1.0 1.0 1 •. 0 .66 1.0 .86 • 70 • 46 
5 • 90 • 73 .90 • 66 1.0 • 8b • so .33 
6 1.0 • 86 1. 0 .86 1.0 • 86 1.0 .13 
1 1.0 .66 1.0 .66 1 .o • 66 1.0 .73 
8 1.0 • 80 1. 0 .13 • so • 6b • EO .33 
9 leO • 93 1. 0 1.0 • eo • 46 • 50 .13 
10 1.0 .86 • 7 0 .26 1 .o 1.0 1.0 .66 
11 1.0 • 93 .90 • 66 • so • 60 1.0 • 80 
12 1.0 • 93 .90 • 60 1.0 • 66 1.0 • 93 
13 1.0 .B6 .~ 0 .66 1 .o .• 86 • 90 .46 
14 1.0 • 86 .90 • 66 1.0 • 80 • so • 40 
15 • 80 • 60 .90 • 60 1.0 .93 1.0 • 66 
16 1.0 • 93 .~ 0 .73 1.0 .86 • 80 .26 
17 1.0 • 93 1. 0 .o6 1.0 • 8b • t:O • 53 
18 • 90 • 60 .90 .60 1.0 • 93 1.0 1.0 
19 1.0 1.0 .~ 0 .53 1 .o .93 1.0 .ao 
20 1.0 • 93 1. 0 • 93 1.0 • 93 • EO • 40 
21 1.0 • 66 .90 • 53 1.0 .86 1.0 1.0 
22 • 90 .66 1.0 .86 1 .o .80 • 90 • ao 
23 1.0 1.0 1. 0 • 73 1.0 • 80 1.0 .13 
24 1.0 • 80 1.0 .86 1.0 .93 • cO .66 
25 leO • 86 .B 0 .46 • 90 .66 .10 • 33 

-------------------------------------....----------------
Note: Due to space limi ta ti ons, cnly coll'paris ons 4x1 and 

2xl are presented 1n thiS table. These comparisons 
were tne two extremes amon~ the s 1x com par lsons. 
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nine Similar conclusions for each dcta group. Those 

concluslons were as follows: 

1) a. Globally, increas1ng .the number of 1naices 

significantly improved valuatlon accuracy. 

b. Although some interactions were present_, the 

above conclusion was valid tcr each industry. 

c. Although some interactions were present, the 

above conclusion was valid for nearly all 

firms within each indt~stry. 

2) a. Globally, increasing lnoex fineness slightly 

improved valuation accuracy. 

b. Although some interactions were present, .the 

above conclusion was valid tor each industry. 

c •. In group 1, strong firm and method 1nteract1on 

Prohibited the above conclusion from being 

generalized to all firms within each industry. 

In group 2, because tbe interaction present 

was minimal, the abovE conclt~sion could bE 

generalized to most firms. 

3) a. Industries were, on average, significantly 

different. 

b. Within each industry, firm average 

prob aDil ities were quite net erogeneous. 

4) In industries wnere tbe firms were more 

heterogeneous, the 1m~roveme r.t in accuracy 

caused by increasing the number ot price lndices 

was more pronounced ttan 1n ctner 1ndustr 1es. 
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lnalys is of Data Groups 3 and 4 

The analysis of data groups 1 ana 2 was performed to 

determine to what extent "n11 tndex ~aluat ion was more 

accurate than 11m" index va!uatior <m<n). Results of tnat 

analysis suggested that a moderate increese in the number of 

indices used signifl.cantly improved the t:rooao111ty tllat the 

valuations performed with "n" indices would be more accurate 

than valuations performed with um•• indices (m<n). Thus, it 

was concluded that increasing tte number of indices used 

significantly improved tne pr cb ability that a ••more 

accurate" valuation would result. The next concern was to 

assess how 11more accurate11 were valuations using ••n-• indices 

V'ersus "m•• indices <m<n). 

Data groups 3 and 4 were tJSEd to address tne above 

concern. Recall that data group 3 was ~enerated in exactly 

tne same manner as data group 1 except that absolute 

differences in Bias of .01 or less 111ere not considered 

material. Data group 4 was generated in exactly tile same 

11lanner as data group 2 except tnat differences in MSE of 

.0001 or less were not considered materiel. 

Tables XXXIV, XXKV, lXKVI, ar:d XKXII II display the group 

3 (Bias) probability data for tne electric, gas, telephone, 

and water industrie·s respectively. Tqoles XXXIIIII, XXXIX, 

XL, and XLI display the group 4 (MSE) prooao Uity data for 

the electric, gas, telephone, and water industries 

respectively. The data were somewhat surprising. 
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TA. B[. E KKXIV 

GROUP 3- ELECTHC DATA 

-~----------------------------------------------------
Firm 2xl 3x2 

I naex Systems Com pared 
4x3 3x1 4x2 4x1 

----- ------- ~---- ---~- ----- --------Number F NF p NP p NP F NF p NF F NP 

-·--------------------------------~--------------·----.------
EF1 .oo .oo • 00 .oo .oo .oo .oo • 00 .oo .oo .oo .oo 
EF2 .oo .0) • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo • 00 
EF3 .oo .oo • 00 • 00 .o 0 .oo .oo • co .oo .oo .oo .oo 
EF4 .oo .oo • 06 .10 .o 8 .11 .24 • 24 .24 .28 .60 • 60 
EF5 .oo .o:> • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo •. oo 
EFt> .oo .oo • 00 • 00 .o 0 .oo .oo • co .o 0 .oo .oo .oo 
EF7 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF8 • () 0 .0) • DO .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
EFo .oo • 00 • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF10 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF11 .oo .oo .oo .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF12 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF13 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF14 .oo .o) • 00 • 00 .oo .oo .oo • 00 .oo .oo .oo .oo 
EF15 .oo .oo • 00 • 00 .o 0 • 00 .oo • 00 .oo .oo .oo .oo 
EF16 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .oo .oo .oo .oo 
EF17 .13 .13 .18 .26 .2 0 .28 .40 • 40 .45 .50 • 70 .70 
EF18 .oo .oo • 00 • 00 .oo .oo .oo • 00 .oo .oo .oo .oo 
EF16 .13 .13 .13 • 21 .11 .18 • 40 • 40 .35 .42 .70 .70 
EF20 .o 0 .0) • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo •. 00 
EF21 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF22 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF23 .06 .05 • 06 .12 .1.0 .13 .2!) • 28 .27 • 2 8 .60 •. 60 
EF24 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF25 .oo .oo • 00 • 00 .oo .oo .oo • 00 .oo .oo .oo .oo 

----------------------·-----,--..................... ·-----------------------·-·-----...-~--
Note: "F" denotes tne Fineness metnod an c ••NF11 denotes the 

Non-Fineness method. Eacn table entry represents tne 
pr ob ability that the .less ac;Jgregate index systelll 
absolute Bias was smaller ttan the more aggregate 
index system absolute Bias cy more than .01. 
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'l'A BL E XX XV 

GROUP 3- GAS DATA 

--------------------·--------·-....,·-------------: ____ ...,....,..._ ____ ........... ... 
Inaex SystEms Compared 

Firm 2xl 3x2 4x3 3xl 4x2 4Xl 
_.., ___ __ 

Number F Nf f NF f Nf f Nf f Nf f NF ____________________________ ... _,.. ______________________ _ 

GFl 
GF2 
GF3 
GF4 
GF5 
GF6 
GF'1 
GFB 
Gf6 
GFlO 
GFll 
GF12 
GFl3 
GF14 
GF15 
GF16 
GFl 7 
GF18 
GF16 
GF20 
GF21 
GF22 
Gf23 
GF24 
GF25 

.oo .0): 

.oo .oo 

.oo .oo 

.oo .o~ 

.oo .oo 

.oo .oo 

.oo .o:> 

.oo .oo 

.oo .oo 
.oo .o:> 
.oo .oo 
.oo .oo 
.oo .o:> 
.o 0 • 00 
.oo .oo 
.00 .OJ 
.oo .oo 
.00 .,QO 
.oo .o~ 
.oo • 00 
.oo .oo 
.o 0 • 0) 
.oo .oo 
.oo .oo 
.oo .0:> 

.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • DO 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.o 0 • 00 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.o 0 • 00 

.oo .oo 

.oo .oo 

.o 0 • 00 

.oo .oo 

.oo .oo 
• 0 0 • 00 
.oo .oo 
.oo .oo 
.o 0 • 00 
.oo .oo 
.oo .oo 
.o 0 • 00 
.o 0 • 00 
.oo .oo 

• 00 • 00 
• 00 • (JO 
• 00 • 00 
• 00 • 00 
• 00 • 00 
.oo • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • ()0 
.oo • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
.oo • 00 
• 00 • 00 
• 00 • 00 
.oo • 00 
.oo • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
.oo • 00 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.o 0 • 0 0 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo • 00 

.o 0 • 00 

.o 0 • 00 

.oo .oo 

.oo .oo 

.oo • 00 

.o 0 •. 00 

.oo .oo 

.oo .oo 

.oo •. 00 

.oo .oo 

.oo • 00 

.o 0 •. 00 

.oo .oo 

.oo • 00 

.oo .oo 

.oo .oo 

.oo • 00 

.oo •. 00 

.oo .oo 

.oo .oo 

.oo •. 00 

.oo • 00 

.oo .oo 

.o 0 • 00 

-----------------------,-----·------------------------------
Note: 11 F" denotes the Fineness method anc "NF" aenotes the 

Non-Fineness method .. Eacn .1atlle ertry represents tne 
prObability tnat the less a~gregatE index system 
absolute Bias was s~a!ler ttan the more aggregate 
index system absolute Bias by more than .01. 
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TIL Bf. E XKXV I 

GROUP 3- TELEPHONE DAT.A 

--------------------------.-------------------------------.... ---
Index Systems ::om pared 

Firm 2xl 3x2 4x3 3xl 4x2 4xl 

----- ----- ------
___ ... ----- --.--

~umoer F NF F NF F NF F NF F NF F NF 
---------------,__ _________ --------------------·----------

TFl .oo .oo .oo .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
TF2 .o 0 .o) • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 

I TF3 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF4 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
TF5 .oo .0) .oo .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TFo .oo .oo • 00 • 00 .o 0 .oo .oo • co .oo .oo .oo .oo 
TF'7 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .o 0 .oo 
TF8 .o 0 .o) • 00 .oo .oo .oo .oo • 00 .oo .oo .oo .oo 
TFo .oo .oo • 00 • 00 .oo .oo .oo • 00 .oo .oo .oo .oo 
TFlO .oo .oo • 00 .oo .oo .oo .oo • co .oo .oo .oo .oo 
TF11 .o 0 .o:> • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF12 .oo .oo • 00 • 00 .oo .oo .oo • co .oo .oo .oo .oo 
TF13 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF14 .oo .OJ • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF15 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF16 .oo .oo • 00 .oo .oo .oo .oo • 00 .oo .oo .oo .oo 
TF1'7 .o 0 .0) .oo .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF18 .oo .oo • 00 • 00 .oo .oo .oo • co .oo .oo .oo .oo 
TF16 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF20 .o 0 .0) • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF21 .oo .oo • 04 .11 • 0., .15 .oo • 00 .12 .18 .oo .oo 
TF22 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
TF23 .o 0 .o) .oo .oo .oo .oo .oo • 00 .o 0 .oo .oo •. 00 
TF24 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .oo .oo .oo .oo 
TF25 .oo .oo • 00 • 00 .oo .oo .oo • ()0 .o 0 .oo .oo •. oo 

---------------------·---.. -------------·---------------·----------·----~-
Note: "F" denotes the Fineness method an C 11 NF11 denotes the 

Non-Fineness method. Eacn table ertry represents tne 
prObability that the 1 ess aggregatE index system 
absolute Bias was smaller ttan the more aggregate 
index system absolute Bias .by more than .ot. 
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'1' ABLE XXX VI I 

GROUP 3- WATER DATA 

---------·-.... ·------·--·--~.__._., . .,..,.. __ -·--·--·---·--·-----_...,__.,__-... -·------... -
Index Systems Com~ared 

Firm 2xl 3x2 4x3 3Xl 4x2 4xl 

------ ------ ------- ---·--- --.-..·-- --·.-,---· 
Number F Nf' f' NF F Nf f N E• F Nf' f NF ________ _._ __________________________ .,.._ _______________ 

WFl .o 0 .0) .oo .oo -~ 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
wF2 .oo .oo • 00 • 00 .o 0 .oo .oo • co .o 0 .oo .oo .oo 
lriF3 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF4 • () 0 .o) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .o 0 .oo 
WF5 .oo .oo • 00 .oo .oo .oo .oo • 00 .oo .oo .oo .oo 
WF6 .oo .oo • 00 .oo .oo .oo .oo • co .o 0 .oo .oo .oo 
WF7 .oo .0) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
IMF8 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .o 0 .oo 
WF6 .oo .oo • 00 • 00 .oo .oo .oo • ()0 .oo .oo .o.o .oo 
WFlO .oo .o:> •. 00 .oo .o 0 .oo .oo • 00 .oo .o 0 .oo .oo 
WFll .oo .oo • 00 .oo .oo .oo .oo • ()0 .o 0 .oo .oo .oo 
WF12 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF13 .oo .0) • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .o 0 .oo 
wF14 .oo .oo • 00 • 00 .o 0 .oo .oo • co • 0 0 .oo .oo .oo 
WF15 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF16 .o 0 .o:> .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
WF11 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF18 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF16 .o 0 .o:> .oo .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF20 .oo .oo • 00 • 00 .oo .oo .oo • co • 0 0 .oo .oo .oo 
WF21 .oo .oo .oo • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
WF22 .oo .o~ .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
WF23 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF24 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
WF25 .o 0 • 0) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 

-------------------------------------------..----------------
Note: "F" denotes the Fineness method anc 11 NF11 denotes the 

Non-Fineness method. Eacn .table ertry represents tne 
probability that the less a~gregatE index syste& 
absolute Bias was s111 a.L 1 er ttan the more aggregate 
index system absolute B1as tly more than .o 1. 
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TAB L& XXX VI II 

GROUP 4- ELECT f;IC OAT A 

____________ ..,...,_.., _ _._ ... __ .. _____ .._. ________ .. ._-~ .. --.. -..--~·--------,_, .. _. ___ 

Ina ex Systems Compared 
Firm 2x1 3x2 4x3 3x1 4x2 4Xl 

------ ----- --·----- ---·-~- ----·--- ------Number F Nf F NF F NF i Nf F NF F NF 

-----------------------------------------------------
EFl .oo .o) .oo .oo .o 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
EF2 .13 .13 .oa .16 .03 .10 .44 • -44 .2 1 • 3 4 .eo • 80 
EF3 .oo .oo • 00 • ()0 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
Eti'4 .60 .6) • 54 .56 .40 .48 .62 • 62 .a 4 .so 1. 0 1.0 
EF5 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
EF6 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
£F7 .o 0 .o J • 00 .01 .o 1 .03 .oo • 00 .o 7 .oa .oo .oo 
EFB .oo .oo • 00 • 00 .o 0 .oo .oo • co .o 0 .oo .oo .oo 
EF6 .oo .oo • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EFlO .oo .OJ • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF11 .13 .13 .06 .12 .10 .13 .28 • 28 .2 5 • 2 8 .60 • 60 
EF12 .33 .33 • 36 • 46 .2 6 .36 .so • EO • 0 8 .68 1. 0 1.0 
EF13 .oo .0) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo • 00 
EF14 .oo .oo • 00 • 00 .o 0 .oo .oo • co .o 0 .oo .oo .oo 
EF15 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
EF16 .o 0 .o) • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF17 .66 • 66 • 56 • 62 .46 .56 .62 • t:2 .84 • 82 1. 0 1.0 
EF18 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF16 .6 6 .6S • 64 .65 .53 .58 .65 • 66 .a 1 .84 1. 0 1. 0 
EF20 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo • 00 
EF21 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF22 .oo • 0 :> • 00 .oo .oo .oo .oo • 00 .o 0 .oo .oo .oo 
EF23 .46 .46 • 61 • 62 .515 .56 .66 • t6 .85 .. 82 1. 0 1.0 
EF24 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
EF25 .oo .o) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo •. oo ------------------__. _______ .,.. _______________ ,.. ____________ 

Note: 11 F11 denotes the Fine na ss method anc "NF11 denotes the 
Non-F 1neness method •. Each tanle .ertry represents tne 
probability that the less a ~greg atE index sy st en. 
MSE was smaller than the more aggregate index 
system MSE by more than • 00 01. 
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'l'A BL E XXXIX 

GROUP 4- GAS DA'l'A 

________ ..._ ___________________ ,._._ ~--·--------·~--------·---.----·-~-.------

Inaex Systems Com~;ared 
Firm 2xl 3x2 4x3 3xl 4x2 4Xl _ ..,.. ____ _,. ______ ------- ------ _ ____ ,.,.._ ------Numoer F NF F NF F Nf F Nf F Nf f NF 

-------------------~-----------------------------------~---
GFl .oo .0) • 00 .oo .o 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
GF2 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .oo .oo .oo .oo 
GF3 .oo .oo • 00 • 00 .oo .oo .oo • 00 .oo .oo .o 0 .oo 
GF4 .oo .o) • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF5 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF6 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF7 .o 0 .o~ • 00 .oo .o 0 .oo .oo • 00 • 0 0 .oo .oo .oo 
GF8 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo • 00 
GF6 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .oo .oo .oo .oo 
GFlO .o 0 .oo • 01 .01 .05 .07 .oo • 00 .o 4 .04 .oo •. 00 
GFll .oo • 00 • 00 • 00 .oo .oo .oo • 00 .o 0 .oo .oo .oo 
GF12 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF13 .oo .0) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF14 .oo .oo • 00 • 00 .o 0 .oo .oo • co .oo .oo .oo .oo 
GF15 .oo .oo • 00 .oo .oo .oo .oo • 00 .oo .oo .oo .oo 
GF16 .oo .0) .oo .oo .o 0 .oo .oo • 00 .o 0 .oo .oo •. 00 
GFl '1 .oo .oo • 00 • 00 .oo • 00 .oo • 00 .o 0 .oo .oo .oo 
GF18 .oo .oo • 00 • 00 .oo .oo .oo • 00 .o 0 • 0 0 .oo .oo 
GF16 .oo .o). .oo .oo .o 0 .oo .oo • 00 • 0 0 • 0 0 .oo .oo 
GF20 .oo .oo • 00 • 00 .o 0 .oo .oo • co • 0 0 .oo .oo .oo 
GF21 .oo .oo • 00 • 00 .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 
GF22 .oo .OJ • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo •. 00 
GF23 .oo • 00 • 00 • 00 . .oo .oo .oo • 00 .o 0 .oo .oo .oo 
GF24 .oo .oo • 00 .oo .o 0 .oo .oo • 00 .o 0 .oo .oo .oo 

. GF25 .o 0 .0) • 00 .oo .·o o .oo .oo • 00 .o 0 .oo .oo .oo 
-----------------------------------------------------------
Note: "F" denotes the Fineness method anc "NF" aenote s the 

Non-F 1neness method. E: acn .taole ertry represents tne 
probability tnat the less a ggreg atE index system 
MSE was smaller than the more aggregate index 
system totSE Oy more tnan • oo 01. 
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1' ABLE XL 

GROUP 4- TELEPHON.E DA1' A 

_..._ ____ . _______ ...... ~·------------· .... -·------------------·-·--------------
Index Systems Compared 

Firm 2xl 3x2 4x3 3xl 4x2 4xl 

--·---- ------ ------ __ ._...__ 
--~-- .... -

Numoer F Nf F NF F Nf f Nf F Nf __________________________________________________ ...._, ____ _ 

TFl 
TF2 
TF3 
1'F4 
TFS 
TF6 
TF7 
TF8 
TF6 
TF10 
TF11 
TF12 
TF13 
TF14 
TF15 
TF16 
TF1 '7 
TF18 
TF16 
TF20 
TF21 
TF22 
TF23 
TF24 
TF25 

.13 .11 

.oo .oo 

.oo .oo 

.o 0 • 0) 

.oo .oo 
• 20 • 20 
.00 .Ol 
.06 .06 
.oo • 00 
.DO .0) 
.o 0 • 00 
.oo .oo 
.13 .13 
.oo .oo 
.oo .oo 
.40 .4) 
.46 .46 
·2 6 • 26 
.26 .25 
.06 .06 
.6 6 • 66 
.46 .45 
.oo • 00 
.40 • 40 
.oo .0() 

• 21 • 31 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
.13 • 24 
.oo .oo 
• 10 .14 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 06 .15 
.17 • 24 
• 00 • 00 
• 00 • 00 
• 37 • 4B 
• 41 • 55 
• 33 • 41 
• 33 • 41 
.06 .07 
• 52 • 61 
.34 .50 
• 00 • 00 
• 34 • 46 
• 00 • 00 

.25 .36 
• 0 0 • 00 
.oo .oo 
.oo .oo 
• 0 0 • 00 
.13 .:.n 
.oo .oo 
.11 .16 
.oo • 00 
.oo .oo 
.oo .oo 
.08 .16 
.23 .34 
.oo .oo 
.oo .oo 
.36 .so 
.3 5 • 48 
.3 8 • 50 
.33 .42 
.03 • 05 
.43 • 56 
.31 • 46 
• 0 0 • 00 
.J 3 • 43 
.oo .oo 

.40 • 40 

.oo • ()0 
• 00 • ()0 
.oo • 00 
.oo .()0 
• 48 • 48 
.oo • 00 
.32 • 32 
• 00 • ()0 
• 00 • ()0 
• 00 • co 
• 32 • ~2 
.40 • 40 
.oo • ()0 
.oo • ()0 
• 72 • 72 
• 76 • 16 
• 52 • ~2 
.56 • 56 
.28 • 28 
.66 • f6 
• 76 • 76 
.oo • co 
• 72 • 12 
• 00 • co 

.51 .57 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.40 .46 

.oo .oo 

.30 .31 

.oo .oo 

.oo .oo 

.oo .oo 

.28 .32 

.44 .so 

.oo .oo 

.oo .oo 

.68 .71 

.71 .75 

.64 .66 

.61 .64 

.18 .18 

.so .ao 

.65 .70 

.oo .oo 
• 6 8 • 70 
.oo .oo 

• 70 •. 70 
.oo • 00 
.oo • 00 
.o 0 • 00 
.oo .oo 
.a o • so 
.oo .oo 
• 70 • 70 
.oo .oo 
.o 0 • 00 
.oo .oo 
.70 .70 
.70 .70 
.oo • 00 
.oo .oo 
.60 .60 
.60 • 60 
.80 • 80 
.80 .so 
• 60 • 60 
1. 0 1. 0 
.60 • 60 
.oo • 00 
.60 • 60 
.oo .oo _________________ ......... ______ ..._. ___________ --------~-------------

Note: "F" denotes the Fineness method anc 11 NF., denotes the 
Non-Fineness method.. Eacn .1aole ertry r el?resents tne 
prot> ability tnat the less a~gregat E index system 
MSE was smaller than the more aggregate index 
system MSE oy more than .0001. 
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TABLE XLI 

GROUP 4- WATER DATA 

-~--------------------·--...-------------------- .... -------
Index Systems Compared 

P' 1rm 2xl 3x2 4x3 3xl 4x2 4Xl 

------ --·--- ------Number F NF F NF F NF F Nf F NF F NF 
_...__._ ______________ ~-------~----""---...... ..._ _____________ .._.._._._ _____ .,_ ___ _ 

twFl 
WF2 
WF3 
lr4F4 
WF5 
WF6 
WF7 
WF8 
Wf9 
WFlO 
WFll 
WF12 
WF13 
WF14 
WF15 
MIF16 
WF1'7 
WF18 
t11Fl9 
WF20 
WF21 
wF22 
WF23 
WF24 
wF25 

.oo .oo 

.oo .oo 
.oo .0(). 
.oo .oo 
.oo .oo 
.00 .Ol 
.oo .oo 
.oo .oo 
.oo .0() 
.oo • 00 
.13 .13 
.oo .0() 
.oo .oo 
.oo .oo 
.00 .OJ. 
.oo .oo 
.oo .oo 
.oo .oo 
.oo • 00 
.o 0 • 00 
.00 .OJ 
.oo • 00 
.oo .oo 
.oo .0) 
.oo .oo 

• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .01 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 06 .11 
.oo .oo 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 
• 00 • 00 
.oo .oo 
• 00 • 00 

.o 0 • 00 

.oo .oo 

.oo .oo 

.oo .oo 

.o 0 • 00 

.()0 .02 
• 0 0 • 00 
.oo .oo 
.oo .oo 
.o 0 • 00 
.o 5 • 05 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.o 0 • 00 
.oo .oo 
.oo .oo 
• 0 0 • 00 
.oo .oo 
.oo .oo 
.oo .oo 
.o 0 • 00 
.oo .oo 
.o 0 • 00 

• 00 • co 
• 00 • 00 
.oo • 00 
.oo • 00 
.oo • 00 
• 00 • 00 
.oo • 00 
.oo • 00 
.oo • 00 
.oo • 00 
• 44 • ~4 
.oo • 00 
• 00 • ()0 
• 00 • 00 
.oo • 00 
• 00 • co 
.oo • ()0 
.oo • 00 
• 00 • 00 
.oo • 00 
• 00 • 00 
.oo • 00 
• 00 • co 
.oo • 00 
• 00 • 00 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.o 0 • 0 0 

.04 .04 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.1'1 .20 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo .oo 

.oo • 00 

.o 0 • 00 

.o 0 • 00 

.o 0 • 00 

.oo • 00 

.oo .oo 

.oo .oo 

.ao • ao 

.o 0 •. 00 

.o 0 • 00 

.oo • 00 

.oo • 00 

.oo .oo 

.oo .oo 

.o 0 • 00 

.oo .oo 

.o 0 • 00 

.oo .oo 

.oo .oo 

.oo .oo 

.oo •. 00 

.oo .oo 

~ote: "F 11 denotes the Fineness methcd and "NF" denotes the 
Non-F 1nene ss method. Eacn table . e 11try represents tne 
probability that the less a~gregatt index system 
MSE was smaller than the more aggregate index 
system MSE by more than .0001. 
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Beca.tse so little "ariation was evident withir. most 

industries, the original ANOYA tEsting procedure was deemed 

inappropriate. Instead, only a general revi€111 of the data 

was performed. 

Table XLII shows the avera~e probabilities tor data 

group 3. Table XLIII StlOiiS the average probabilities for 

data group 4. Both tables confirmed tbe same basic trends 

that were evident in data grcups 1 and 2. Namely, 

increasing tne number of indices d1c tend to lmprove 

accuracy and increasing index fineness had only .mcrginal 

effect •. 

Interestingly, both tables show that for the two more 

homogeneous industries (gas and wcter), the prot>ab111ty of a 

material difference in aosolute Eias or MSE was quite low. 

For the two more heterogeneous industries (electric and 

telephone) the Bias probao111t1es were qtJite low out the MS£ 

probabilities were somewhat higher. 

Summarizing, data groups 3 end 4 confirmed tne trends 

first noticed in data groups 1 anc 2. Furtner, tnese trends 

were more pronounced in 

(electric and telephone). 

tne more heterogeneous industries 

riowever, data groups 3 and 4 cast 

considerable doubt as to whether 1ncre2sing the number of 

indices used materially illlproved valuaticn accuracy. 

Prediction Intervals 

The analysts thus far has 1r.d1cated that, generally, 

increasing the number of 1nd1ces ~sed, 1reproved valuation 
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TABLE XLII 

GROUP 3 AVE RAGE PRCBABI LI 11ES 

--------·-· ... ------------------- -------·-------~---------- .. -----------
Ina ex Systems Com t:ared 

Industry Method 2xl 3x 2 4x3 3x1 4x2 4x1 Average 

--------·--------.. ---------- -----------··--------------------- .... --
Electric F .o 1 .o 1 .02 .os .os .10 .04 

NF .01 .02 • 02 .05 • 06 .1 0 .04 
He an .01 .o 2 • 02 .05 .06 .10 .04 

Gas F .oo .o 0 .oo .oo .oo .oo .oo 
NF .o 0 .) 0 .oo .oo .oo .oo .oo 
Mean .o 0 .o 0 .oo .o 0 .oo .oo .oo 

Telephone F .oo .o 0 .oo .oo .01 .oo .oo 
NF .oo .o 1 • 01 .oo .01 .oo .01 
Mean .oo .o 1 .01 .oo .01 .oo .01 

Water F .oo .oo .oo .oo .oo .oo .oo 
NF .oo .o 0 • 00 .o 0 .oo .oo .oo 
Mean .oo .o 0 .oo .oo .oo .oo .oo 

Overall Mean .oo .o 1 .01 .01 .02 ________ ...,. ________________ ._, . ._ ____________________________ _ 
Note: "F" denotes the Fineness methGd and "NF0 denotes the 

Non-Fineness method. Eacn table ertry represents tile 
average prooai:>ility tnat the less c:ggregate index 
system absolute Bias was smeller .tban the more 
aggregate index system absolute B1c:s by more than .01. 
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TA. B!. E U. II I 

GROUP 4 AVERAGE PRCBABI LI TIES 

------.... -------~------.. ---------------~---------._.._ ______ 
Ina ex systems Com pared 

I.ndustry Method 2xl 3x2 4x3 3x1 4x2 4x1 Average ___ .., _____________ ...._ _________ .., _________________ ._ _____ 
E•lectrtc F .12 .11 .09 .21 .18 .2 5 .16 

NF .12 .13 .11 .21 .18 .25 .17 
Mean .12 .11 .10 .21- .18 .25 .16 

Gas F .oo • () 0 .oo .oo .oo .oo .oo 
NF .o 0 .o 0 .oo .o 0 .oo .oo .oo 
Mean .o 0 .J 0 .oo .o 0 .oo .oo .oo 

Telephone F .14 .13 .13 .2 8 .21 .41 .23 
NF .14 .18 .18 .28 .29 .41 .25 
Mean .14 .1 6 .16 .2 8 .28 .41 .24 

Water F .o 1 .o 0 .oo .o 1 .01 • 0 3 .01 
NF .05 .) 1 .oo .o 1 .01 .o 3 .02 
Mean .03 .o 1 .oo .01 .01 .03 .02 

Overall Mean .o 7 .) 1 .01 .13 .12 .17 

----------------. .... ---------------~----- ...... -------~-...-----
Note: "F" denotes the Fineness method anc 11 NF" denotes the 

Non-Fineness method. Each table en:ry represents tne 
average prooat>ility tnat thE less aggregate index 
system MSE was small. er than the more agg re gate 
index system MSE by more than .0001. 
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accuracy. However, because tne a~erage errors tor the lower 

index systems tended to be quite small, tne improvement 

tended to be minor. 

As an example, 'l'ables I( LI'I and xr. V present tne B 1as and 

MSE one index figures for each firm. The Bias figures 

ranged from a high absolute val\Je of .01810500 to a low 

absolute value of .00000221 • The MS~ figures ranged from a 

high of .00120668 to a low of .OOC00019 • For the majority 

ot firms, absolute Bias was less tban • 005 and MS E was lass 

than .000025 • 

Consistent with the previcus a r.alysi s, the more 

heterogeneous industries (electric and telephone) tended to 

have higher Bias and MSE figures. Alternatively, tbe more 

homogeneous industries (gas and water) tended to nave lo'ier 

Bias and MS£ figures. Also, wltbin ec:cn industry, firms 

whose vectors of asset proportion~ were most similar to the 

industry-wide vector of average csset proportions te r:ded to 

have the smallest absolute Bias and MSE figures. 

One limitation of tne previcus analysis is tnat means 

of error distributions were .the bc:sis of the many 

comparisons. 2 In any valuation process, one woula be 

concerned with average error, but also, one would be 

concerned that any one year•s errcr shruld not be 

excessively large. Accordingly, an analysis was performed 

tor eacn firm to determine an error prediction interval for 

the one index configuration for Bias.3 

l.f each industry•s price cnar.ge cUstr1out1ons were 



84 

Ttl B!. E XL IV 

ONE I.NDEX ABSOLUTE BIA. S 

--.----------------------------------------------,_,_---~---
r 1rm I r:dustry 
Number Electric Gas TeleJ;:tlone Water 

------------------------------------------------------
1 .()0045586 •. 00 05512 0 • oo ~1625o • 000 E707 a 
2 .00589923 • 00022461 • 00 097524 • 00065226 
3 .oo 0445 67 .0000648C • 00 012298 .00070012 
4 • 012512410 •. 00015060 • 00138282 • 00103 401 
5 .oo 087434 .00008525 • 00 1449 23 .00020535 
6 .)0231606 .0()007589 • 00 0229 20 • 00163 580 
7 .00385-986 .. oo 0022 0 5 .00009304 • 00129886 
8 • 00 28 55 41 • 00018550 • oo 023o29 • 000 45988 
9 .00079321 • .()0216346 • 00 007154 • 000 07605 
10 • 001443 00 • 00 23 65 92 .00101492 .00118890 
11 • 00 6602 71 • 00 00 279 ~ • 00 110 307 .00108871 
12 • JO 848121 .00020677 • 00 481226 • 001.06322 
13 • 00122573 .00025923 • 00 2002 90 • 003 51244 
14 • 00 245411 • 0000217E • 00 C35637 .000~3324 
15 • JO 01.75 58 • . 00 0 () 0221 • 00 359 404 • 00005431 
1o .00113136 .00005180 • 00 378885 .0004801'7 
17 • 01810500 .0000439E • 00 E34 700 • 000 41164 
18 .)0140777 • .00013148 • 00 459658 • 00124959 
19 • 00 014930 •. 00 00 15·45 • oo 43170o • 00002351 
20 .oo 2769 45 .00031650 • 00 407189 .000f2884 
21 • )() 0645 32 •. 00001056 • 00 936878 • 000 36990 
22 • 00 15t9643 •. 00 00 921 ~ • 00 f82 645· • 000 65•421 
23 .01234930 • 00 07260 4 • 00 418410 • 001.50 862 
24 .)0205701 •. 00 035138 • 00 3645 81 • 00111651 
25 • 002187 85 •. 00003163 • 00 243038 • 00 0 5175 9 . 

--------------------------------------~---------------~---
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TABLE XLV 

ON£ INDEX fo!SE 

-----------,-------------------- ---·---· .. ----~--~------... --- -------------------
Firm I rdustry 
Number Electric Gas Telephone if ate r 
_,_, _________________ . .._ ____ ....... _________ .. ___ .... ____________ .._~------·---..----

1 .00000226 •. 00 000 70 t • 00 020004 • OQO C0629 
2 .00015095 .00001654 • 00 000442 • 000 01795 
3 .oooooosa • 00 000744 • 00 0005 61 • 000 00341 
4 • 00 051114 • 00 00 260 ~ .00002895 .00002975 
5 .)0000641 .0!)000039 • 00 003336 • 000 01709 
6 • 00 0023 50 •. 00 00001 s .00()16703 • 00007382 
7 .oo 009410 • 00000041 • 00 007885 .00004934 
8 • !)() 003164 .0()003945 .00013725 • 00001756 
9 • 00000603 .ooooo8St • 00 000056 • 000 00 93 6 
10 .00001760 • 0000437~ • 00 002181 • 000 02096 
11 .)0012014 • 0()003432 • 00 000337 • 00011312 
12 .00028278 • 00 005,3 6 I • 00 011737 • 000 04452 
13 • 00 0005 68 • 0000020 I • 00 016730 .00005383 

. 14 • )() 00185.8 • 0)000254 • 00 002279 • 00000801 
15 .00000062 • 00 0005,8 t • 00 C04 849 • ooo 01 o2 a 
16 .oo 00 23 69 • 0000022f~ • 00 C43952 • 000 00 732 
17 .)0096750 .0()001211 • 00 056657 • 000 00 896 
18 • 00 001679 • 00002315 • 00 034311 • 00010033 
19 .00077773 .0000003~ • 00 C32967 • 000 0123 8 
20 • )() 0) 32 95 ._0()000512 • 00 011677 • 00001061 
21 .00000708 • 00000040 • oo 120 o68 • 00 0 00 992 
22 .00001015 .0000044~ • 00 0335 22 • 00001314 
23 .)0063563 • .00002891 .00009528 • 00002971 
24 .oo 00 7987 • 00002364 .00032004 • 00003342 
25 .00001956 .0000005S • 00 004273 • 00000746 

__ ._, _____ .., -----... -- ... -. .-~--- --·-~·-- ..... ----------_ .... ------------------·-·~- .......... 
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multivariate normal, then tne errcr distributions associated 

witn each Bias measure ( mear.) 111 ere also normally 

distributed.• Thus, predlction 1ntervals were prepared 

assumlng the error distrioutions 

fable KLVI snows the prooaoility, 

were ncrmally distributed. 

for each firm, that a 

random araw from the one index error distrlbut1on woula not 

exceed various absolute values (ore, two, and five percent). 

Clearly, witnin each inaustry, alid fer most firms, the 

chance that a particular a.bsol ute error would approach 

mater~ality was small. 

Unfortunately, a Kolmogorov/L1lliefors test of 

normality disclosed that within each industry normality 

could be rejected for several cf the five asset typas. 

Thus, the prediction intervals based or. the assumption ot 

normality became suspect. 

As an alternative procadure, a secor.d set of preciction 

intervals were prepared o asea or. Cheby ~hev• s I nequc:ll ty. 5 

This procedure had the advantage ot be1rg reliaole tor any 

type of distribution so long af the distribution had a 

flnlte variance (Hoel, 1911). Taole Xt.VII preser.ts the 

preatctlon intervals based on cnenyshev•s Inequality. 

A.gain, except for a few ftrms, rar.dom absolute errors tended 

to be quite small and almost certalrly less tnan five 

percent." 

Thus, 1 t appears that ever. for tne 1 east accurate 

configuration (one index), errors of more that five percent 

were ex~remely unlikely for nearly all firms. 
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'l'l BL. E XL VI 

PREDIC '1'1 ON INTERVALS ASSUMING NORMALITY 

--------------------------~---------------------~----
Industry 

E lectr1c Gas 'l'elernone Water 
Firm 5% 2% 1% 5% 2% 1% 5% 2t 1% 5% 2% 1% _ .... _. ____ ._ ... _... ... ,_ ___ ._. __ . ___ ............. ______________ ..__~ .......... -- -~--_.., ____ . ._._..,~--

1 • 99 • 99 • 99 • 99 • 99 • 99 .99 • E4 • 51 a 99 .99 • 99 
2 • 99 .89 .57 .99 • 99 .98 .99 • 99 .99 .99 .99 .98 
3 • 99 • 99 • 99 • 99 •. 99 • 99 • 99 • ~9 • 99 • 99 .99 .99 
4 • 9'1 • 61 • 33 .99 • 99 .94 .99 • 99 • 93 • 99 .99 .93 
5 • 99 .99 • 99 .99 •. 9~ .99 .99 • 99 .91 • 99 .99 .98 
6 • 99 • 99 • 96 • 99 • 99 • 99 .99 • t:7 .55 • 99 .9'1 .15 
'1 • 99 .96 • 69 • 99 • 99 • 99 .99 • ~1 • '13 • 99 .99 • 84 
8 • 99 .99 • 92 .99 •. 99 .88 .99 • 91 • 60 • 99 .99 .98 
9 • 99 • 99 • 99 • 99 • 99 • 99 • 99 • 99 • 99 • 99 .99 .99 
10 • 99 .99 • 98 • 99 • 99 • 86 .99 • 99 • 96 • 99 .99 .9'1 
11 • 99 .93 • 62 .99 •. 99 • 91 .99 • 99 .99 • 99 .93 .64 
12 • 99 .7o • 43 • 99 • 99 • 82 • 99 • ~3 • 63 • 99 .99 • 86 
13 • 99 .99 • 99 • 99 • 99 • 99 .99 • E7 • 55 • 99 .99 .82 
14 • 99 .99 • 9B .99 • 99 .99 .99 • 99 .96 • 99 .99 .99 

. 15· • 99 • 99 • 99 • 99 •. 99 • 99 .99 • ~9 • 84 • 99 .99 • 98 
16 • 99 .99 • 95 • 99 • 99 .99 .98 • ~5 • 36 • 99 .99 .99 
17 • 89 .46 • 24 .99 • 99 .99 .95 • 59 .32 • 99 .99 .99 
18 • 99 • 99 • 98 • 99 • 99 .9o .99 • 11 .40 • 99 .95 • 68 
19 • 92 • 52 • 27 • 99 • 99 • 99 .99 • 12 • 41 • 99 .99 .99 
20 • 99 .99 • 91 .99 •. 99 .99 .99 • 93 • 64 • 99 .99 .99 
21 • 99 • 99 • 99 • 99 • 99 .99 • 84 • il2 • 21 • 99 .99 • 99 
22 • 99 .99 • 99 • 99 • 99 • 99 .99 • 12 • 40 • 99 .99 • 99 
23 • 95 .56 • 30 .99 •. 99 .93 .99 • 95 • 68 • 99 .99 .93 
24 • 99 • 97 • 13 • 99 • 9'1 • 95 • 99 • 13 • 41 • 99 .99 • 91 
25 • 99 .99 • 91 • 99 • 99 • 99 • 99 • 99 .87 • 99 .99 .99 -----------·----,_, __________ .._ ____ . _______ ...__. _____ -... -------·------------------

Note: Tne table entries re present tne ml r.1mum prooao111ty 
tnat a single random error ~aould .net exceed tne 
indicated aDsolute ~ercentage. ~ o r ex am pi e, for 
electric firm number one, tte proo eD111ty tnat a 
random error would not exceed an absolute value OJ: 

f1ve percent was greater th c:n or equal t 0 99%. 
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TA BI. E XLVII 

CHEBYSHEV PREDICTICN INTE liVALS 

_..., _____________ ._. ___________ ._.., _________ .....__~ ....... -.... -~._. _ __.. __ ..__ ... _.., 

Industry 
Electric Gas Telephone Water 

P' 1rm 5% 2% 1% 5% 2 t 1% 5% 21 1% 5% 2% 1% 
_.._ ______________ __. __________ . _______ ~----------- ..... ·-----------

1 .99 .99 • 97 • 99 • 98 .92 .91 • 27 • 00 • 99 .98 .93 
2 • 94 .41 • 00 • 99 •. 95 • 82 • 99 • ~9 • 95 • 99 .95 • 79 
3 • 99 • 98 • 93 • 99 • 98 .92 .99 • 98 • 94 • 99 .99 .96 
4 .74 • 00 • 00 .98 .93 .73 .9B • 92 • 63 • 98 .92 .64 
5 • 99 .98 .93 • 99 • 99 • 99 .98 • so .57 • 99 .95 • 82 
6 • 99 .94 • 69 .99 • 99 • 99 .93 • ~7 .oo • 96 .78 .oo 
7 • 96 .69 • 0() .99 • . 9~ .99 .95 • 80 .19 • 97 .86 .37 
8 • 98 • 92 .54 • 98 • 89 • 5,9 .94 • E4 • 00 • 99 .95 • 80 
9 • 99 .98 • 93 .99 • 98 .93 .99 • S9 • 99 • 99 .97 .90 
10 • 99 .95 • 78 .9B •. B7 .34 .99 • 94 .74 • 99 .94 .74 
11 .95 • 57 • 00 • 98 • 91 • 65 .99 • 99 • 97 • 95 .68 .oo 
12 • 87 .oo • 00 • 97 • 86 • 44 .95 • ~9 .oo • 98 .a 1 .45 
13 • 99 .98 • 94 .99 • 99 .91 .92 • 49 .oo • 98 .84 .01 
14 • 99 • 95 • 78 • 99 •. 99 • 97 .99 • S4 .75 • 99 .97 • 91 
15 • 99 .99 • 99 • 99 • 98 • 94 .98 • €6 .13 • 99 .95 .83 
16 • 99 .93 .71 .99 • .9~ .97 .80 • 00 .oo • 99 .98 .92 
17 • 37 .oo • 00 • 99 • 9o • 87 • 71 • 00 .oo • 99 .97 • 90 
18 • 99 • 95 • 79 .99 • 94 .76 .84 • 00 • 00 • 95 .71 .oo 
19 • 6B .oo • 00 .99 • 9~ .99 .85 • 00 .oo • 99 .96 .87 
20 • 98 • 91 • 51 • 99 • 98 • 94 .95 • EO • 00 • 99 .97 .88 
21 • 99 .98 • 92 .99 • 99 • 99 .32 • 00 • 00 • 99 .97 .89 
22 • 99 .97 • 89 .99 .93 .95 .84 • 00 .oo • 99 .96 .85 
23 • 65 .oo • 00 • 98 •.. 92 • 66 .9o • EB • 00 • 98 .91 • 61 
24 • 96 • 76 • 00 .99 • 93 .74 .85 • 00 .oo • 98 .90 .59 
25 • 99 .95 • 75 .99 •. 99 .99 .98 • 88 • 35 • 99 .98 .91 

-~------------------------------------------------~---~---
Note: Tne table entries represent tne m1r1mum pr ob ao ili ty 

that a stngl e rando:n error IIIOUld n ct exceed the 
indicated absolute p ercentac;;e. For example, for 
electric firm number one, tte prob c01lity tnat a 
random err or would not exceed an absolute value of 
flve percent was greater then or e(2ual to 99%. 
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Summary of Results 

Analysis of data groups 1 and 2 indicated that a 

moderate increase in the number of indices 

improved the chance that acct.Jr acy liOuld 

Improving index fineness had only a smell 

s ig ni f ic antly 

o e improved. 

effect. These 

results were valid globally, for each incustry, and fer most 

firms w 1 thin each industry. Analysis of data groups ~ and 4 

confirmed the trends exhibited by data 9roups 1 and 2 but, 

also questioned whether increas 1n9 the numo er of indices 

!llaterially improved accl.lracy. Ttle prediction intervals 

constructed for errors reslllting from tbe use of one index 

(within each industry) to value all industry assets 

indicated that (for most firms) Lhere was only a remote 

chance that any single err or would exceed f 1ve percent. 



NOTES 

1Significance levels reported ln Table XXIV are those 
for a regular .A.NOVA. However, because the cell observations 
consisted of percentage data, there was some concern that 
cell variances would not oe sufticiently stable so that tne 
related F-test results would be reliable. ·Accordingly, a 
secona ANDVA was performed us1ng c:n arc sine transformation 
suggested in Neter and wasserman \1S74). This 
transformation has the eft ect of tending to st!.CIDilize cell 
variances. The ANOVA results frofi the second (transfcrmed) 
analysis were consistent with the initial analysis. 

2 Bias and MSE represented the means of particular error 
distributions associated with a pc:rticulcr firm and 
contiguration combination. 

3 The one index configuration was selected because past 
analysis showed this configuratior to be prone to tne 
largest errors. Prediction intervals were prepared for tne 
distributions associated with eac~ Eias ~easure. Because 
v ar lance estimates were not avail ;;b le, p redlct ion in t erv a is 
were not_prepared for the distrlb~tlons ;;ssociatea with MSE. 

•It a linear transformation 1s made of a multivariate 
normal aistribution, the resultin9 c1str l.Oution is also 
normally distributed (Morris on, 196 7). J;ef erring to the 
calculation formula for Bias in Chapter II, it can be seen, 
that for each firm, Bias is calcuJatea as a linear 
transformation of the mean price change vector. 

5 0ne form of Chebyshev•s IneGUclity states: 
2 2 

P( I X - ll I ~ t ) ~ a I t • 

thiS inequality holds whenever X 1s a rardom variable having 
a finite mean and variance ana t 1s any real number greater 
than zero. This expression can be a:aniplJlatea to arrive at: 

2 2 
P( -t + ll 2_ X 2 t + ll ) ~ 1 - a I t • 

Tne latter form was used 1n constructing the prediction 
intervals. 

Inasmuch· as the above in~qu~llty rEquires a symetric 
area about the distribution mean, the prea1ct1on intervals 
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·.,ere constructed so that one tall extendEd to +5·% or -5~ and 
tne other tail was somewhat less than -5~ or +5~, 
respectively. For example, tne ore 1nde:x contiguraticn for 
Efl had a mean of +.000455t8o5 and a varlcnce of 
.00000206037. The tac-co:r "t" was selected to be • 0495442. 
fhus, the lower prediction intervcl bound was -.04908f!4 
(-.0495442 + .000455865) ana the upper ocund was +.05 
(+.0495442 + .00045586'5). All nu11bers between these two 
bounds 1111ere obviously .05 or less in absclute value. 
However, these two bounds did not include all numoers whose 
absolute value was less tnan or e~ual to .05. ~umbers 
between -. 0490884 and -. 05 were oamitted. Thus, the 
prediction intervals were conserv2tive. That is, the stated 
probability ot oeing between ~5~ ~as understated. 

8 The prediction intervals oa~eo on Cheoyshev•s 
Inequality indicated there was a tligh prcoaoi!l.ty that a 
random error would be less than±~*· Normally, because of 
its generality, one would have ex~ected that prediction 
intervals basea on Chebysnev•s Inequality would have oeen 
poor. However, the prediction intervals in this study were 
generallY very good. This result was duE to the fact tnat 
IIIOSt error dist.ribution variances were 1 ess than • 0001. 

The price data variance/covc:rtance matrices presented 
in Chapter III have shown tnat entries tterein tended to be 
.001 ur greater. Yet, error d1str1butior variances tended 
to be .0001 or less. Because tne actual errors compr1sin~ 
the various error distributions were linear combinations of 
the yearly price changes, it may seem unusual tnat the 
variances ot these errors were gererally no more than 1/10 
the size of the price variances. There •ere two reasons tor 
tnis result. P'irst, the linear fcctors were all fractions. 
Hence, only a fraction of tne price variances contributed to 
the error variance. Secondly, soae of the linear factors 
ilere negative. Tnis occurred wher. c tira•s proportior of 
asset cost was less than the econcmy-w1ae proportion. 
Thus, many of tne covariance entries resulted in a negative 
c ontrtbuti on to error vart arlee. <This result is ana 1 cgous 
to the portfolio effect wnen one .security is purcnaseo and 
then a second security, w1tn a hi,;h positive correlation to 
the first, is sold short. The result sn<uld oe a t1110 
security portfolio with a small vc:riance in its returns.) 



CHAPTER V 

SUMMARY AND CONC!.USIOHS 

Many prior studies nave hinted that disaggregation of 

asset groupings may not appreciaD1y improve valuation 

accuracy. Sunder (1978) has sno•m tnat ctisaggregati<ln can, 

under certain circums~ances, result in less accurate 

valuations. This study has sought to previae some empirical 

evioence as to whether or not u~· index valuat1on is 

consistentlY more accurate than 11m .. inctex valuation (m<n). 

A secona objective was to assess the extent to whlch "n•• 

index valuation is significantly more accurate than "m11 

index valuation. 

SUmmary of Research 

To address the objectives stated cDove, four public 

utility industr~es {electric, gas pipeline, telephone, and 

water) were selected for study. Twenty-five firms witnin 

each industry were randomly selected. Asset price and 

proportion data were gatnerea; and for each firm two 

alternative measures of error were est.imc:tea (Bias and MSB). 

The error measures were then used to estimate 

Probabilities, for each firm, thct usin~ more inaices would 

result 1n less average error. The restJltlng tirm specific 
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probabilities were analyzed using an ANO\A procedure. lhare 

main effect differences were ncted, Duncan's test 111as 

performed to determine which effects were significantly 

different. 

Inasmuch as the analytical mcdel used herein was a one 

period model ana assumed no asset additions or retirements, 

caution should be exercised in eJCtendin~ study conclusions 

beyond the scope of such a simple mcdel. The limitations of 

a one period model are especially critical when one 

considers that a one percent error for cne year iS probaoly 

not material, but that a one petcent error 1n each of ten 

consecutive years may be material. Other important 

1 imitations were discussed in Cna~ter II I. 

Conclusions 

Analyses indicated tnat, glcbally, lncreasir:g the 

number of price indices si~nificdntly improve<J the 

probability that a more accurate valuction would result. 

rnis conclusion was valid tor each individual industry and 

also tor most firms within each ir.dustry. 

Globally, and for each ir.dustry, increasing index 

fineness sligntly improved average valuation accuracy. 

However, firm specific calculaticns ina1catea that for many 

f 1rms, improving index fineness dld not imp rove valuation 

accuracy. 

In industries where the· firns were more heterogeneous, 

results indicated that the lmprovement in accuracy caused by 
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increasing the number of price ir:dtces ~as more pronounced 

than in industr1~s with less heterogeneous firms. 

Results also indicated thct even though valuation 

accuracy was often improved by increasing the number of 

indices, the improvement tended .to oe, on average, quite 

small. In fact, error prediction intervals constructed 

indicated that, for most firms, the use of one irdex to 

value all assets would almost alliays result 1n a valuation 

error of less than five percent. These results are 

especially important when one cor.siders that tne asset 

categories used in this study, on average, accounted for 40% 

·of each electric firm•s plant in service, 71% of ecch gas 

firm•s plant 1n service, 66% ot each telephone firm•s plant 

in service, and 7B% of each water flrm•s plant in service. 

Summarizing, the stuay indicated tnat increasing the 

number of price indices did iHprove valuation accuracy. 

!i ow ever, this improvement tenae d to be quite small. The 

study results suggest that using cne index for each industry 

might ootain suitably accLtrate valuations. 

Implications for Future Researcn 

The results suggest at 1 east t ~o areas deserving 

further researcn. First, a more powerful analytical model 

snoula be developed. S~.tcn a model sho~ld allow for asset 

additions and retirements, and also o e able to estimate 

multi-period effects. If such a model were developed, 

results derived from its use snoa.lo be more conclusive tnan 
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those contained herein. Secondly, tne implication that one 

index would be sufficient tor e c:ch 1 nd us try suggests tnat 

studies snould be performed to determine it, perhaps, one 

index would be sufficient for gxoups ~f industries. If 

results were positive, a log1ccl extension would be to 

determine if a general pr1ce level incex would result in 

suitably accurate valuations. If results were again 

positive, the argumem:s between currer.t cost and general 

price level adjustment proponents would become moot. 
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EL.ECTRIC INDUSTRV ONE INDEX BIAS 

rtnM I FIR~ 2 rJR~ 3 FIR~ 4 FIRM 5 FIR~ 6 FIR~ 7 FIRM 8 FI~M 9 FJRMIO 
Oo455865D-OJ -.5899230-0~ Oo445674D-OJ Ooi25241D-OI -.8743480-03 Oo231606D-02 -.3859R60-02 -·2855410-02 -.7932170-03 -oi443000-02 

FIRM~! FIRM22 FIRM2J FIR~24 FIR~25 AVERAGE 
Oo&4~J?6D-OJ -.1596430-02 ~. 1234930-~1 -.2057010-02 Jo2187B50-02 Oo24~4950-v2 
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.•ol460t>40-02 
o. 1471)720-02 
o. 115~JijrJ-Q2 
Oo43·1J7JlJ-OJ 
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-·12219()0-0J 
-·20164~0-0~ 
-oiii420D-03 
Oo60<JHJ3()-QJ 
-,]41>~170-03 

F IRM20 
-.ll95.Jf10-02 
-,649cbUD-03 
-·21240()0-0J 
-.10611 J0-04 
-.21546~0-02 
•o1322640-02 
-.4824130-03 
- • .3772610-0J 
- o96307u0-04 
\). 3551.) 00-0 3 
-·6147990-03 

.... 
0 
w 



GAS INDUSTRY ONE INDEX BIAS 

FIR~Il FIRMI2 FIRMIJ FIR~I4 FIRM15 FIR~I6 FIRMt7 FIRMt~ FIRM19 
-•2792640-04 0.20~71~0-03 Oo25~23YO-OJ 0.2178620-04 -.2217060-05 -.5180650-04 -·4398620-04 O•lli48~0-0J -.7545590-"4 

FIR~21 FIRM2~ FIRM2J FIR~2' FIRM25 ~VE~~GE 
-.10~6210-04 -.9il8430-04 Oo726047D-J~ Oo3513810-03 -.J,63B00-04 Oo9095070-04 

FI~MIO 
oZ3b5V20-0~ 

FIRM2u 
·3165080-03 



rtu4 1 
Oo~60A9JO-OJ 
0, ~'j<lf:<IQO-t J 
Jo~JII4210-0J 
0.6'126690-0J 
-,I J 75900-; J 
O.!i":-'9991)-('J 
0.51'15540-;)3 
), 6<l4C6~0-0J 
~.•310240-04 
•• 5364B~D-OJ 
0.7454320-03 
Oo{>ZOJOOD-04 
: .J2fl4( 10-\. J 
0•76utl04D-OJ 
:.'.521J6o\f)-:JJ 
o.•~J1:7o-oJ 

I' IRIAI I 
-,I !'2 37(,0-04 
,,s7r,osoo-o• 
o, Jt'>J0\70-0J 
Oo22bJ71D-r3 
-.J:J7S400-(.J 
Oo75012I0-04 
J • 34S 1200-JJ 
0. 23Q 755')-•)3 
-,zqJ3240-03 
\J • 2Jf\ h. JD-C J 
u.J9'>~05o-oJ 
-oi870150-U3 
-,1440100-03 
Oo40204ll'l-03 
J. 2231460-:3 
O•l\ll73&0-03 

FJRM21 
-,(l73JZJ0-06 
-. 97 7!16110-04 
-.2087790-04 
-,I .!8<1900-(· 4 
o. I'll' o 84 JO -o 4 
- • 65R!J4 OD-0" 
-. :)9 73880-04 
-.2~\6Q50-05 
o.~e44·:7o-u• 
o. ::."tJ?5460-04 
-.~:!6•0•1'>-(\4 
-.5J6Q-1Q0-('14 
-·208741()-04 
-." f70 78ll-0" 
Ool511fc3D-04 
-. 'J'l(ll 30-04 

I IQM Z 
-·2161'>110-0J 
-• lll0!C>6D-J3 
OoiV5520D-OJ 
-o5'J66270-04 
-. 0!(>1 8960-C'J 
-•ltJ677D-OJ 
t'o9~M620-04 
-, "9U':.12JD-)4 
-·22JI~•·IO-OJ 
Ooi57057D-O• 
Oo3796::b0-04 
-. IQ5J5oO-uJ 
-. 170~<'1l0-0J 
Oo5071lt>2D-o• 
r'),jJ~l66D-05 

-. '31 '~ 3'J0-J4 

F 111'41 2 
Oo2164~orl-03 
o.332~Bto-J3 
-.26617JD-03 
-·12J77iri-OJ 
o. 2:;1. •.30-j3 
0.346f74D-OJ 
-. 2A61 !>S0-03 
-. 1 1 rv c ro-o 3 
Clo279;,t>JO-OJ 
-.244]0'>0-)3 
-,IY9J(d0-03 
Oe3\I'IJE''30-JJ 
Oe410J04D-0.3 
-.I f!4~FJQ0-03 
-.2~Q74~0-0J 
0 • 3 74(, <:.JO-.) 4 

FlRM22 
-.9379!'70-04 
-.485lC5D-04 
0.6073450-04 
-.72'1.'140-0!> 
-,\473570-03 
-. 5t>J0;) 10-0 4 
t,7C'25810-04 
-,BOAC. 1 J0-0 5 
-o\42~1)0-0J 
0•1CJ9f·A.?D-Oo\ 
Co545A~B0-~4 
-. 7tJt;.liQ40-0" 
-. e Jo<· zJo-o • 
0·5(:27460-04 
Oo 135•1>(>0-0• 
-, 21·J18J0-04 

FIRM J 
-.7921470-05 
Uol2li~~O-)J 
Ooi2\9290-0J 
llo IAC/7!>\10-03 
-oii)IAJIO-JJ 
- • bfH3J 0'.)0- ') 4 
)o2t34050-)J 
·Jell2:2Y7D-)J 
-,J41>6C~O-OJ 

u. 71idS.JJU-.)4 
Jo2758t>4v-03 
Uoi4J70J[l-J4 
-.221J8>Hl-03 
; • It: J.-,')I,)U-03 
,, , l <; ~, 'J Q 1 D- ) J 
0. j~·J(. 713 )- J4 

I" I r<MI 3 
Uo253S97D-03 
(1, 2•t>'2U0-03 
o. 25J7f)20-JJ 
u.J:.321.)50-.J3 
-, 5 I ~b <>50- ) 4 
0 • 2 J89J·W- JJ 
•J, 26~51'10-0J 
Ve J>J357D-UJ 
-. 25! ~JIO-J6 
Je26L7oJO-JJ 
o.J5,.17Jo-oJ 
;), 18>.3070-)4 
U.2~fl2V~D-04 
v.J5J912D-J3 
o. 2 r> r 1 •1 6D- o 3 
.,;. 21 JO.t21J-OJ 

FIRM23 
J,7J57J60-J3 
UoB4J7160-.)3 
Oo8448450-03 
Oo9!lu.l•4D-)3 
-. J~·· 140-03 
Oe8bll5'\D-)J 
Oo826297D-03 
Uo9~J72UO-v3 
-.115'lLJ0-)3 
o.7~~lc...to-o:. 
o. 1159490-02 
J, 7 J2J;Ut>O- H 
o. l4~)54b0-')3 
,J. 11 7~l so- J2 
o.73YUb6D-O~ 
1),642•lv70-03 

GAS INDUSTRY TWO INDEX BIAS 
I"IR4 4 

Ooi~J5•6D-OJ 
Co 26Q7850-0J 
0.4439260-03 
Oo3~2Z471J-OJ 
-.3776100-0J 
0 o27179SO-OJ 
').~311350-03 
J, 3923230- JJ 
-.2396850-03 
•),J238320-03 
Oo5451090-03 
-.8676640-0• 
-.4778770-0• 
0, 556 J5JO-OJ 
Oo3l~lv90-C3 
Oo2231540-C3 

FIRMI4 
t). 3<)6906'>-0' 
Ool952•9o-o• 
-.7067630-04 
-.4~67920-04 
Oo7456120-04 
0.4220570-04 
-.8021120-04 
-.•oe2~5o-o• 
o.~779o•o-o4 
-,!;ii26G6D-04 
-.8250750-04 
0,5!16180-•~4 
Co840488D-O• 
-. 6!t8571D-04 
-.6~19190-04 
-.7409990-05 

F I ~~24 
(),3609070-03 
0·1514800-03 
-.5107290-04 
'JoiA22850-0J 
0 •• 131\290-03 
o. 1'125310-03 
-.7056750-04 
Oo19U7050-03 
Oo43727J0-03 
Oo140.390-03 
-.4~31(>70-05 
Ooi4250J0-03 
Ool87b660-03 
0o1 )25570-~4 
0.125•570-03 
Ool6c632D-03 

F 111M 5 
Oo930!20S0-04 
(,,9727670-]4 
Ooi07416D-03 
Ooii'\4~70-J:l 
-.5&J~~ZD-C4 
Ooll~••>o-03 
U.919tlfljD-v4 
Ool23454D-03 
Oo7741790-05 
Oo96JO 120-04 
o. IJ41 o~o-o:; 
0 • l555A 10-05 
o. 3J276,jO-v4 
O.l4fl50LD-03 
c.e39B6IO-v4 
0.7975710-04 

F trHH 5 
-.6641150-t)~ 
-·615so•o-o• 
Oo12S356J-03 
0 oii20260-0J 
-·M•6J6C>-O• 
-.61 75o\f)0-04 
0 o1J827'50-03 
OoiQ85\10-03 
-.1'>850 IB0-04 
Oo\3b94'10-D3 
0.12934"70-0.3 
-.12273>0-03 
-·l2c;23 )0-0::. 
Ool22()tqo-)J 
o. to 3 9:11 o- o 3 
Q,:JJJ4500-04 

Fl'lM25 
-.2824640-04 
0.6763790-04 
-.21fJ240-04 
-.5764870-0• 
-.7987620-0.t 
0.6783910-04 
-.2840230-04 
-.~426420-04 
-.!>67QSJD-04 
-.7Q64Aq0-01\ 
-.1369940-04 
0.5954040-04 
o.~4t>l06D-04 
-.6.252:'>0-05 
-.84~6700-04 
-. 16104520-04 

F I ~M 6 
-.9079~'30-04 
-.7bl1J640--J4 
-·36101)80-04 
-.6Z2J2JD-'J4 
-,IJ<>I711'>-C4 
-.~85CJ71\Q-04 

- ·2 64 66 :to-u • 
-.67J690o-u• 
-.4 56 30 2[)-0 .. 
-. 4 3 7 4 1 21)- ... 4 
-.5632210-04 
-.J 13~1 :>D-14 
-·5)<\2760-J4 
- .flJ!jQ2 T0-04 
- • .36)697D-U4 
-.5194140-C/4 

F I ~M16 
-.42443)0-(14 
-.()\JIJ:)I\~0-Jo\ 

Oo660J620-04 
O.I323'1JO-J4 
-·11220930-04 
-.3 ~62JBO-•) o\ 
0.4611A5D-04 
Oo241JOJ0-04 
-·3992313D-v4 
0.4.75':.J7::!1)-04 
Oo3736300-04 
- e84.34Q9D-.)4 
-·!Jl4JS•O-lJ4 
o.stQf49D-C4 
0 o33'J 1 J 70-J 4 
-.4976h90-05 

AVE~~GE 
o.te3'l96::>-v3 
Oo2052390-0J 
0.19286 20-0 J 
() o24l66 30-03 
-.6!97820-04 
Ooi971850-0J 
Ool971l360-0J 
o.239S210-oJ 
-,2479Jil0-C4 
Ooi8102JO-OJ 
0.2765460-()3 
0,2';92930-04 
Oo262J5()0-o• 
0.2727140-0J 
0 .18.<,>980-0J 
o.o 

I"IRM 7 
Oo2554290-04 
· •• 41v729D-"4 
Oo6413520-04 
Jo5175120-)4 
-.57'9~1\D-)4 
0 o4':1303fiD-04 
u. 574575tJ-.j 4 
Oo558b9?.D-04 
-, 27J66b;J-rH 
J,45171H0-~4 
0.754871()-04 
- ol I 2 9 I I D- (• 4 
Oo23>JOI2D-05 
o.'l0115~J()-04 
O.J:J74bj0-)4 
0.327':JI\TD-04 

FIRMI7 
-.34q6(,1)0-~4 

(I o5vb8370-J4 
Oo2099~f0-0J 
~. 1 o 211 o 1 o- •J 3 
-,2f130S4D-OJ 
).6571')450-04 
ooi92112IO-J3 
Oo11•J5JD-OJ 
-.IQIJ212D-·13 
J,IUoUIJD-03 
Oo2205020-03 
-.Q6Qb4U0-04 
-.o:~•e~<3o-o• 
Je2.34Q640-03 
J ... 26'1630-04 
Oe47b507D-04 

Fll"lM e 
-.1760000-03 
- o3•;85!19L)-C4 
Oo203617D-03 
Oo6>J7J24ll-C·4 
-. • T'Jz 761>- vJ 
-.19648J'l-04 
o .2662761>-vJ 
Ue8191-41~1J-04 
-, 3':115t>>lD -OJ 
::>.lv45031l-03 
0 o267J8J0-03 
- .2::.192'3:)-( J 
-.Jb962:.;n-o:: 
0 • 2R268.1D-OJ 
0.8<;134951)-04 
-. 94 2 51 90- (lb 

F lflMI !1 
Jol411741l-U3 
Ool40fJ36ll-03 
-.1856430-03 
-.BIJI270-(14 
0.2234340-0J 
) .171 926[)-(13 
-. 20 52. 71)- 0.3 
-.7321010-04 
1.) .24151t'JL)-1..'3 
-el3J186D-03 
-.1656141l-03 
Oe22Vl711J-(J3 
Oe2o\6001)r>-OJ 
-.t5vQ9Y•l-CJ 
-.14045,;[)-0.3 
0 .166J21'1-0ill 

FIRM '/ 
0 ol6457~D-:JJ 
Oo2l 05<;7D-GJ 
(1,1270040-03 
C ·2B 15:3oO-. J 
Oo511381J0-04 
0.51702SO-O~ 
0 e2424f.>6U-OJ 
0 e2l 7bS8t>-OJ 
-.1415~60-(.J 
(1.1 ~93 .'40-U3 
0 • 2(l37'JS0-03 
Oe6ti8~J8lJ-t,.."' 
-ell b2D2LJ-OJ 
Oe2017-j00-(J3 
0.2~20'-)I0-03 
0.13697'50-0J 

FI~M10 
-.1>732630-t-• 
-, b4 Ol 930-00 
-,7400240-04 
-.1 ... 62'550-CJ 
0.11071 '140-05 
-.t&43BJ70-V4 
- .H~ eo.: jD-04 
-.977':t!J3D-O~ 
Co2191At>D-04 
- o6l' 72b41l-04 
-.113.730-03 
-.JB7bfV0-06 
o.2LJ1Jr:.o-04 
-.1 0C9Joo- ... 3 
-.93t1097D-V4 
-.58746ltD-04 

I' I ~MI 0 
o,z375ulo-oz 
Oo23J2SIJIJ-O.! 
o.t!l2BJso-oz 
0 • Z62v2 £D-OZ. 
-.!1968~0-0.) 
Oo2Jt>0250-ut. 
o, I 8082 Ill- J,! 
Oo263J6UO-JZ 
0.4J52J20-·J3 
o.l91J242D-J2 
0,2714lUU-U2 
o.sz:::!~I4LJ-O-i 
O,to!70U70-03 
Oo2729550-0o! 
Oel!JJ7.,~70-I.)~ 
u, ITU71r,o-u.! 

Fl1>"20 
0,247195u-v3 
O. 2(183..JJU-V~ 
-.bV84.9!.>0-;5 

• 260 J2 <;0-~3 
V ,21J'I50'lO-OJ 
1;.4176770-J4 
Goi27B8•o-o~ 
o. 1845170-03 
-.287514[)-JO 
'. 1 1 e 1 3 ;,u-~ 3 
~.1750910-03 
,, • 1 !:>94~~D-u3 
-.5771190-04 
, e6759Ub!J-04 
0.2261201)-0J 
o.1 J8o:;,•;o-oJ 

.... 
0 
(.1'1 



F I R!l I 
0• 56'11l:!CO-·~J 
0• 5JJO~:Jfl-OJ 
),l952560-0J 
-,12fl0770-03 
o,54:J9soo-vJ 
u,7:•7JQID-OJ 
-.t•~e~o~o-o3 
0.2!>08110-03 
(),JlJil171D-04 
- • lQ5Q'\IO-Oo\ 
0.5~41270-03 
o, l934v6rl-OJ 
-.7n~s~to-os 
,J,Jt-77020-04 
<.),7344:150-0J 
-.1?12410-0J 
o, 527H,'lfl-OJ 
0,21\5'52•0-•)4 
,J,7206760-03 
Oe20(·SOSD-OJ 
.J, 7.)'12~ I D-C 3 
1..1 .t6J 71 40-03 
o.s3~492rJ-<.lJ 
~"~•7r,QJC7D-OJ 

0. 7 ?t"! 0 ... 90-0 4 
o.:1o6!:177o-oJ 

FIRM! I 
0,6!lt'>I<;70-04 
Oo360960D-OJ 
Oo2J<I75SD~OJ 
~.3675700-03 
(I,JS7;1S4D-\l3 
?.Jo\lJOI4n-OJ 
-. J 1746(>0-03 
o. 16165•0-'.~ ~ 
o.~77061ll-04 
-.1331230-03 
, • 3626620-03 
Oo I 146~0{)-03 
-, ll9251D-G3 
-,20?01BrJ-03 
Oo3 707211[)-03 
-. ~Q98 72'1-0J 
Oo 34 04 311l-O 3 
.J.216~f41'J-04 
)o3b43J50-0J 
o.tJ04~l0-03 
\1. l•t7:1t0-l1J 
-. 1 soo 5•r>-o.-
Oo2370l80-03 
o.~fltf3C:6n-cJ 
~.175~130-03 
J,'l64l66'l-G 4 

FIR.~ 2 
-ol71346rJ-OJ 
Oo IUJ>I 4·~0-0J 
-. 4890420-04 
-.25~2120-03 
O, e~HO~D-04 
Oo761lJ81D-0~ 
-.2170110-0~ 
Oo 364'l4bO-U4 
o. 306'1290-04 
-, 8261 fJOil-04 
Oo9363590-04 
o.845J~r,o-os 
-, 7 I l u 2 •JD- J 4 
-.177?.e~o-o~ 
0. 2 17 6 170-0 4 
~.t99~54rl-~J 
0.727'J47D-04 
Ooi!>077JD-04 
Ool994~lD-04 
o. 21 ~O~'J0-01\ 
O.bc lJ4lO-J4 
-·•09(. Uo\0-04 
Ooi5012B~-04 
o.5t l7"to-J• 
-.1 85~1·60-03 
-.Jt6J·rJt0-V4 

F I RMI2 
o-. J439llfJ-03 
-. 2753370-03 
-·ll!S1•90-0J 
Q, 2b lbQ(>D-03 
-.14454')0-03 
-.2Y24b5D-O.., 
O,JB2l~40-03 
0 • 2JQS2tJ0-04 
-·165':1750-0J 
-.I09Z~7D-O~ 
-. 1476350-0J 
0.6112'130-05 
-.t 0160ALJ-J 2 
Ue4llbG'.)D-O~ 
-· l64~oqrJ-04 
o.J'lT'-l \D-)J 
-.u.t Jl uo-o3 
-, I !lOll 340-0 3 
-,cl17Joi'J-J4 
Oel!'·07lJ[)-04 
-. 1!'1266.1:-J-03 
-.a;;37!lofD-o• 
-,250326rl-OJ 
-. lt\~~3 )0-JJ 
Oo4II'J9?D·-03 
0.43770JD-Jt: 

FIRM 3 
?.3996440-04 
0•1!>1 9l7D-03 
J, I 058330-0J 
-.1808770-03 
O,l425120-J3 
·~·2642J4U-·)J 
-.4l:!4\l40-0o\ 
-. !3574'350-04 
-,74;1'1060-05 
(..le2~~(,~~0-04 

0.55~~660-04 

0·16>~~00-03 
-, )()'P)t\q()-04 
-,JUl<.lTID-03 
J,f22l530-J4 
-.244ll4o-vJ 
o.:z~·,19Jo-oJ 
tl, 11 )l)9'1J{)- )3 
0.177-,140-03 
\lo69?f~SD-O~ 
-.15~ ll..llJ-03 
-·22~"'900-0J 
Q,10l3~JD-OJ 
JoiB2~~ou-J3 
-, 7252 1JOD-04 
0.2 2~1 l5U-<.l4 

FIRMIJ 
(f,242B42D-03 
Q, 25561JD-03 
~. J ~9AJI o~o:!! 
-.ss1g~.,o .. o4 
U• 241l244D-·)3 
o.J291 J6o-o3 
-.7127400-04 
Q, 981lC l~D-04 
Q,2Bt>4(>7lJ-04 
Jo 17~9420-04 
1),2453990-03 
Q,\)4111420-04 
u. 14v4~Jo-J4 
-. 2(l1)qQD-04 
o.J21J~>2o-o3 
-, rr,;a 717L.l-04 
'· 2~ . .d2J9D-JJ 
r; • J 4 r:; 4 2 ~D- 0 4 
vo32519l0-13 
O.r,,OQ]'jtU-0• 
J. 85~>72Ji)-04 
o.o<;J!:l3UD-04 
0 • 2 (, ~ lj 2 ![)- J 3 
v • J5'5 Jtll>- j J 
Q, 135JJ9D-04 
...~. l J·J~( 40-(JJ 

GAS INDUSTRY THR~E INDEX BIAS 

FIRM 4 
0.2777430-03 
0,4425140-03 
0,3921840-03 
-.3708570-03 
0,4648760-03 
J,5J0867D-03 
-.2727890-03 
o.21727Jo-OJ 
Ool391 340-04 
-ol508JJD-J3 
Oo46J9970-03 
0.17464 J0-03 
-,1409060-~3 
-.t3J6BU0-03 
0.5424950-03 
-.2~50050-03 
Q,o525fJO-OJ 
Oo21J~JJoD-05 
Oo542578D-OJ 
o. IIH, l61D-03 
Q,l454150-03 
-.'7872040-05 
Oo3228Q70-0J 
Q, 5Jb~82D-03 
-.7403830-04 
Q,l 1£2590-03 

F!~MI4 
o. 2935340-04 
-.7621!310-04 
-, J91l,9SD-04 
Oollo2e6JD-04 
-.eoJ47l0-04 
-.608247()-04 
o.7;J40~•o-o• 
-.6675410-07 
-.1892690-04 
-.1690370-05 
-. 5056920-·)4 
-,29l75TD-C4 
o.8ll ~54o-os 
c.~761<;7o-o• 
-.3699780-04 
G.9704790-04 
-. 7542970-04 
-.3Jbl090-04 
-.5090020-04 
-.1121760-04 
-.~l767J0-05 
0.2259060-04 
-,s4tl5JD-04 
-.rtto1JJ0-04 
0,67~61lOD-04 

-.8192570-05 

F IR'-4 5 
Oo10610JD-OJ 
0 o1 032640-0J 
Ool24v:Z6D-OJ 
-.42'37030-04 
Ooll0676D-03 
o.I209l4D-03 
-.4195920-04 
,.6592250-04 
Oo49lliiD-O~ 
-.2 ... 4874.0-04 
Ooll87lbD-03 
o.32239to-o4 
-.l4Q4b70-04 
Ool79M>5D-04 
0·1~ 19310-03 
-.2230430-04 
Oo'I7099JD-04 
-,60~0~00-05 
Ool41019D-OJ 
~.42'H3'T0-04 
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Va448335D-05 -·1225920-04 
-o71108fl~0-04 -.8746010-04 
0 • 25~ 1!:)C)l)-0J Oo31614J0-,4 
- oi42J6'JCJ-OJ -.7092990-04 
-,54316tlD-CS -,I 734 740-04 

FIR"IO 
Oo5479t!OO-OJ 
·=- .v 
- oi04429D-04 
Ool673610-)4 
OolJ1921lJ-03 
Oo981532t)-04 
Oo 7:t950BD-J4 
Oo 2t>:JU8 JO- 02 
-.~u2017D-oJ 
O.lt17277D-02 
Oo57~Q8B0-03 

r-1R"2u 
-, I U 5 6u 50- v J 
o.:.;6o.J9JO-o~ 
Jo98B999.J-C4 
-.896Q(J40-.J• 
-.1779710-04 
Jo.37372UD-u• 
Ooi3B3120-0:! 
Oo4665420-0• 
Oo94181J0-04 
- otl3579Jl)-Q(, 
(>, 1270660-0~ 

... 
0 
co 



TELEPHONE INDUSTRY ONE INDEX BIAS 

FIR~ I FIRM 2 Fl~~ 3 FIRM 4 . FIRM 5 FIRM 6 FIRM 7 FIR~ B FIRM~ FIRMIO 
-.4162560-02 Oe975<•so-O~ Ooi229630-0J -.tJB2B2D-02 Oel4492JD-~2 -•2292060-03 -.9304070-04 -.2362910-03 Q,7154~9D-O~ o.t014920-0Z 

~IRMit FIRM12 FIRMIJ FIRM14 FIRMIS FIRMI6 FIR~17 FIRMir FIR~IQ FIRM20 
-.1103~70-02 -.4AI22bD-J2 -.Z~lZ?00-:2 -.3563700-0J -.3594p40-0Z -,J7BAB~D-J2 -oB347tDO-C2 -,45~65~>-~2 -,4Jl70b0-~2 -.40718~0-02 

FIRM21 FIRM22 FIRM23 FIRM24 FIRM25 ~VERAGE 
-o93687S0-02 -.6~26450-~2 -e41~41U0-~2 -,Je45et0-02 -,24JUJB0-02 -,2636620-QZ 



FIRM I 
-,44SIC60-02 
- el790030-02 
-, 2ll51J00-02 
-.51 74670-:· 2 
-,1()67~20-t'Z 
-. 373~760-02 
-.4301510-02 
-.5<>41261)-02 
-.5116!130-CJ 
o.342C114o-oJ 
-.3031900-02 
-.so70tiOO-OZ 
-. J<'> 7 0 J 70-0 2 
-.524::( )!~0-02 
- ol2!1"4 70-02 
-.::.Jc~~.-. tn-02 

FIRM II 
-.llii430-C2 
-.4672590-03 
-· ~446670-03 
-.51 oset.D-03 
-.11471180-02 
- .t l Otl<J '10-~ 2 
-.til e~Jo-o2 
-.3621500-03 
-.11117320-02 
-.tn72'>0-0J 
-•11"8~3[)-02 
-, 7bH540-0J 
- .t1~6,7n-.,2 
-·1'1<''>240-02 
-.577e7oo-o3 
-·IJ!.H'74AO-(·J 

F!~'4~1 
-,1234 0110-01 
- .J2'74'l90-0 2 
-.7679360-)2 
-.9419.170-0Z 
-.JI><l2520-02 
-, 7St'?560-02 
-.'l874760-02 
-.14JO<l50-Pl 
-,40Q0•120-02 
- , 2 6 3 I 2 50-(• J 
-. 765eii0-0Z 
-,IJ233J0-01 
-.~2313600-0Z 
-·12!6970-01 
-.4622660-03 
-. 7689190-v 2 

FJR'4 2 
o.t~9616D-:12 
.Ool 653 H0-03 
OeiC/2J370-C2 
Oo5ti929JD-OJ 
o.e57•s~o-oJ 
\loB245HO-:l3 
Oo'Jilb01,40-0J 
Oo6469590-0J 
~.9445910-03 
0.176~ :·~10-1)3 

0,91\~ ClD-03 
(1, 7~'94C:!60-V3 
OoiO IH 30-0? 
o.tl.sre~o-o.t 
0 • .3754~20-03 
Q. 7f·"?...,.rJO-UJ 

FIR'1412 
-. 21 J?t 10-J?. 
-.I04421D-02 
-, 4 314L' l 0-0 2 
-.•8128')0-0£ 
-,S2<iJ7T0-0Z 
-.:..er 7·~o-o< 
-.4516:l \D-02 
-. •~O'Jt ,0-03 
-. 2tC::<J4 \0-(1;: 
o.Jo6'jotto-o4 
-,3765JJD-C2 
-.25744~Jo-ot:. 
-,4775210-02 
- • .-Je. J'JD-J2 
-.5~72790-02 
-.338::b7[)-J2. 

Fl1'1"'22 
-. 7477 ::4o-o 2 
-·2174160-,)C' 
-. ~769540-<)i: 
-.6637260-0C' 
-. 41) 8] 1 60- ) z 
-.5'1~7610-0i: 
-.699)890-02 
-,7()47GbD-02 
-·3221~?.0-02 
-olQ6H9JO-O:J 
-.5622370-02 
-.792A540-02 
-. 676'-7JO-OZ 
-.!11171>10-02 
-,2J04100-02 
-,5J<J2q~O-Ji! 

F lR'4 3 
o.e0955Ju-J• 
Oe6945680-03 
-. ~·J 3280-JJ 
Oo3747250-0J 
-·1247:!~0-03 
Jo2ll!l2-.>0-d3 
Ool69712U-OJ 
o. 379c3tm-oJ 
-.JJ7J8JI)-,J 
-. 2166140-03 
lolt-44370-JJ 
J. b 6 • r 1 o o- J J 
Oo5014450-04 
.). 6911-'~0-)4 
-·l129a0[)-J4 
:;. h..-'.I:J45l)-;J~ 

~IRMI:3 
-, 20~B:i40- .J2 
-.11')8640-02 
-,lOI97d0-J2 
-, 325S4!.>0-02 
u,J5b451D-)J 
-.1~12340-~2 
-.2187?20-02 
-. 5u23H0-02 
a. 70cl92D-03 
<Jo40b32JD-03 
-, I l t <,i 4 10- 0 2 
-,o\:!Jtd 00-0l 
-.1~1221>0-)2 
-, J•; q 1UD-J2 
Q, .-4U41 OD-03 
-,17J4A~D-J2 

FIPM23 
-.J899120-02 
-. 797tluiO-()J 
-.3~37470-02 
-.l-257010-02 
-, 2~4t,210-.12 
-.)7~6'140-02 
-.416b41>0-02 
-,J7<iS~J0-02 
-,1774920-02 
-.1191~.)0-)3 

-. J 209530-02 
-.4105220-02 
-.4158~60-02 
-.•e34tJ90-J2 
-.2307990-?2 
-.J2:·!_}l,l40-"J2 

TELEPHONE INDUSTRY TWO INDEX BIAS 
FIR"' 4 

-.1690920-02 
-·1 Ot632D-02 
-.S7:i92I0-03 
-. 1544190-02 
-,4905660-03 
-.1243260-02 
- ol464920-02 
-, 2095230-02 
-,JJQI480-(IJ 
Ool39B380-03 
-·122lJ260-02 
-·2275760-02 
-.1307560-02 
-.1662840-02 
-·1392330-03 
-·l1.13lJ20-02 

F I R•'l4 
-,II BOI7D-OJ 
o.e121~eo-o3 
-.1287050-02 
Ool950340-0.3 
-.91009)0-JJ 
-.2523190-03 
-.25~5360-C3 
c. 7454740-0J 
-,9424220-03 
- • .l653£40- 03 
-.2719(50-0J 
o. eJ3u• Jll- oJ 
-.4771380-03 
-• :'I Obl8D-03 
-, t692950- OJ 
-.214JS50-:>3 

FIRJo<24 
-.J l 33750-02 
0.3178490-02 
-. 7226330-02 
-. 2123'120-02 
-.4253440-02 
-.2820200-02 
-• 3300950-0Z 
-.8432110-()3 
-,3'~53060-02 
-,IJ8691D-02 
-.2459~bD-02 

o. 10084:,0-03 
-.-)54260-02 
-.4:Jb4340-02 
-.3053060-02 
-.264624-0-02 

F lR '4 5 
Ooi84512D-02 
0.3102190-0J 
0. 1315460-02 
0.16740·\D-02 
0 .~7 27 7JO-O~ 
Oollb41JU-02 
Ooi50934D-~2 
~.2387160-02 
Oo31154500-0J 
Oofl0002B0-05 
0. 1J 29090-02 
Oo207202D-02 
Ooi418230-02 
O.I'J815~0-02 
Ool:JH3:JO-OJ 
oo11Bt<>~o-o2 

FIRM IS 
-,Jli3\00-0<: 
-.10~2790-02 
-.3243150-02 
-.;Hb7170-02 
-.3106160-•JZ 
-.35197JU-02 
-.36791> 10-02 
-.240·\1?.0-02 
-,19122QD-02 
-.1097440-•JJ 
-·3v<~•eso-v2 
-o32Jq4l0-0? 
-,370641D-02 
-,3qJ44T0-02 
- .2.'16320-02 
-.2UC52JO-OC. 

Fln'42S 
-.3~€3650-0J 
-.ll8954D-U3 
-.;:2 73080-02 
-.~500640-02 
-,24646\D-02 
-.27Jl7J0-02 
-.2162980-0< 
-,4222940-0J 
Oo27Q46~0-03 
•J ,.;2e22JO-OJ 
-.1 28<,1600-02 
-.1360050-02 
-.231~420-02 
-.2363090-02 
-·3575610-02 
-.1623420-02 

FIRM 6 
- ol 80 3'1.30-C 2 
-.117'1330-02 
Oo9237vBO-C3 
-·1176060-02 
OoiB9609D-02 
O.lt5•!1Q0-03 
-.Sib'=i73D-O;J 
- o402 79 JO-o 2 
OollJ42JD-G2 
0.4 O!..t:306D-03 
-.51 U7970-v4 
-.J 113870-02 
-.54HOI\40-04 
-.112'120D-C2 
0 .215'14 60-02 
-.42774 40-03 

F ll'l~l ~ 
-.52o2560-02 
-.2121\1.)70-02 
-.2 o7J• 1 o-c. z 
- .~J 70~} 20-02 
-,Jq!:Jb~2D-C.4 

-, 3 0 <l B 3 l D-o 2 
-o4IOB2'J0-02 
- .A24 ;.!4 10-C 2 
0.3515760-( 3 
Oo5.lJu51l0-03 
-e250Y320-V2 
-.!Jl)'12JO-U£ 
-.351 JQ;>0-02 
-.547l ~!:)0-02' 
o.st<50QJO-o3 
-.3191540-..:2 

"VEl'! AGE 
-.2660610-02 
-.(>230'540-)J 
-.23670~0-02 
-.27'}1470-"'12 
- oll> I I J I U-v 2 
-.cJ4jZIO-o2 
-.26b55Q0-02 
-.2n6c210-02 
-,<Jf!690&0-0J 
-,J29102D-04 
-.2011070-02 
-.293.520-~2 
-.2 6J Tl 60-02 
-.J1632•D-02 
-.1168440-.)2 
o.o 

FII>M 7 
l.lol989L91)-0J 
Ooll39950-0Z 
-, 144 59C0-02 
O.lta'J4:JC'0-02 
-.15'•9360-02 
-.49" 1520-[-5 
Oo4960530-04 
u , 2 3 8 l 94 0- Q 2 
-.2078100-)2 
-.7121000-0J 
-.~714Q41)-03 

Oo2142120-02 
-, JJA44AO-~J 
·' • ] 54 7 160- :J 3 
-.EllA 0 020-0J 
:.>. 2t'~'>Jv10-r.·4 

I'IR<\417 
-.(")631440-()2 
-·25383~[)-02 
-.7228330-02 
-· 79/bM•0-0 2 
-• ·7~j74UO-J2 
-·71l76JD-02 
-.H59570D-02 
-.'19'. 5!>70-02 
-.42u621lD-V2 
-,J61'1'170-(J3 
-.6?29"40-(.2 
-.9<>13370-02 
-,AJ)JJJD-02 
-·lOll'.JOll-01 
-. 225352D-r•2 
-, 66~24UO-C2 

F !RI~ ll 
0,179 7t>70-02 
- .3234540-(JJ 
-.4913610-05 
o, 3 7b6~>flo -o:; 
- • 22 I 2 5 51)-~ 2 
- .!17125811-c·.J 
u .52(,4520-0(, 
Oo3B82670-fl2 
-. 74361130-1):0 
0, 49tJ4120-0~· 
- , 54 6 I 4 J 0 -0 3 
o • .i::013.CuD-v2 
-.27t.5•?0-u3 
0·991!3tJIO-V3 
-.2730200-02 
.) .y(_l !;,9 720-04 

r IR 'II !l 
-·517~5GfJ-Oi: 
-· 20J59'10-02 
-.29<:J50lD-~~ 
-·(·235200-07 
-·l2b03~o-OZ 
-.110~17~0-0C' 
-,47943JD-02 
-.7654460-..;2 
0 .748167[)-04 
Oo53t>264rl-0:' 
-.:it217Jr)-0£: 
-,7)179~jl>-02 

-.432~130-02 
-· 60 711!70-02 
- .10·:>2201)-()2 
- ,J6fJ~ luD-v;' 

FIR<\4 'I 
"•I'JJSII0-03 
-.5296550-04 
o.2V317IO-vJ 
- .~4&13', 30-03 
Ool96811 0-03 
Oo I !.>29 7YU-~ 4 
0.7651410-04 
-·1399J3(1-(iJ 
0.4386450-0J 
Ool<MJ030-03 
O.IA5Jl~O-:.J 
- ,\290Jl·0-03 
Oollll•5o-~~ 
o.J7biVJO-v• 
-.5535J'1D-04 
o • tJ 1\ 1 1 ~ J D -v 4 

f lfl"'l'l 
-,5410370-CL 
- el !JQ4(1SO-~.-.? 
-, .32 2U0t3U-.:.. 2 
-,5.37YI 10-CJ? 
-.1t J04'.1n- ... z 
-.J'..J90b7l)-0~ 
-.4~.'394.1{)-.)2 
-,-r47(Jt.;IO-l.2 
-,!JB02910-03 
o.,4~'J£·~o- .. 3 
-.J0b6L1 JD-C2 
-.f.,79Jt60-u~ 
-.•tJ67':J0-y2 
- .~AJl1 !<+0-U2 
- • .J70rJ'50D-~o.~' 
-.3'.J~74l0-U2 

F lr<'-' 10 
'.•.16& 74BD-02 
0,400Vb<,.O-OJ 
:J.8J.36JJ0-0J 
Oo90l702D-V.3 
o2ti5111D-~:3 
• 74202 JD-vJ 

Ooii04&60-02 
'.18~4650-,;2 

0.5966J2u-03 
o. 1~1732D-v4 
. ,H9685blJ-vJ 
O.luOd9'7D-OC: 
.'eJ~12LbiJ-Ut! 
J.,40JtiD-U2 
-. 2u.3 7~j so- uJ 
.• U6U5o:~I)-VJ 

f IR '14l 0 
-,JJ74lJD-0..! 
0.4u8920U-u.J 
-.48395()0-02 
- .42t1J;2flD-~.! 
-.317o\l JU-v~ 
-. Jo4U1' :.:.o-0..:: 
-.J·~242.t;.0- 1JL 
- • .l~v:ilb0-~2. 
-,11)7tJJ40-02 
- .2~;494tiD-..i 1 
-.27287L0-0(. 
-.Jil34J:J-lJ~ 
-,4lV~.J!t0-Jc. 
-.4e2sr;;o-o~ 
- ,28705SO-~C: 
-,J,J4C.B .0-0?. 

.... 
....... 
0 



. F I ~M 1 
-. 21 !17'0 70-02 
-,J2QB570-C2 
-.6135'130-02 
-,JI;J~;I40-03 
0. :.1~~2460-.; 3 
-.26~~?.l'>0-02 
-.671C'JQO-OJ 
-. ~f\2B!i40-02 
-. 1237?.60-02 
-.1QQ7!.i•D-02 
-. !11<>6230-03 
-,6.!0~500-t'Z 
O. 1704 .)f\fl- OJ 
-• 2'H.i~ 750-0J 
-.!155~510-02 
-. 171752[1-(1~ 
-.2'1Jn720-0J 
-.13~~~~0-02 
-.37BBI50-02 
-.51 J•n9D-02 
-·5152RfJn-OJ 
-.17~1'1\ 10-(d 
0.6n4BJ70-0J 
-,4J4'H60-02 
-,5441JilO-C2 
-.2?.76150-02 

F 111>411 
-·5333550-03 
-.9002l70-03 
-· 2266570-03 
-• II 11<>760-02 
-·1•4 7110-0J 
-.1241650-0J 
-.50'17570-03 
-,4<J19~1fl-03 
-.<Ofl4734[)-~J 
-.4()05790-0J 
-. 56292 1n-rJ 
- • .JQ.-2220-03 
-.1675190-03 
-. 64<>7700-03 
-· 5?.01 :l7o-o3 
-·1127640-02 
-. 223616cJ-C'3 
-ol2i•;Q90-02 
-.100008(1-~J 
-, 3QJ390D-03 
-•I0722JD-02 
-.2Q5~1JO-C·4 
-oil 930~0-03 
-,lii'117D-02 
-,QIC·IL4(J-·JJ 
-,5743440-03 

FIRM 2 
Oo3192070-0J 
Q.1U9b3JO-CI2 
Oo5396f>20-03 
Oo 9355<,~0-0 J 
0, I U4t> 7U0-03 
-·2473<'>70-04 
o. 1542960-03 
Oo68~0<60-0~ 
Oo9J715~0-0J 
Oo34'l•7~0-0J 
Oo531J1J0-03 
0,4<J5bb2D-03 
0.1~10(30-0J 
Q,JJ7~'li0-~J 

Oo62603J0-03 
o. 8339450-1)3 
-.eJ•CJsJo-J• 
0e860o:?A'JD-O.J 
Oo20'9'l90D-J3 
0.7)4~?!0-03 

Oo97Un4JO-OJ 
(J • Bl WJ3'30-.)4 
Oo9774lb0-04 
Q, t:l9U450-02 
Oo9J.I7:1t>0-03 
0.52030'60-0J 

f 11>1-11 2 
-.16\<;J'Jb0-03 
-.2541430-0? 
-.7932700-03 
-,210H40-02 
o.ze•h5Yo-o3 
-.1J•I.)5,H1-02 
-. 14 0 460-0 2 
-.-.)7{·~·~0-02 
-.4()7;!840-)2 
-. ~4bVB~D-02 
-, '5C 37720-02 
-,JI4~QJ0-02 

o.loo70IIJ-03 
-eJ;'OYC'1U-03 
- • 4(; 33 3'JD-0 2 
-. 5J2467n-02 
-.2.:81Jf'50-02 
-.-.J9U6JU-02 
Co64~lt2D-03 
-o621JI•IO-J3 
-.2JJ7740-0~ 
-, 169Y9bD-JJ 
-,3SQ'l740-03 
- , 2 I 2 .12 'ID- 0 2 
-.157;:910-02 
-.2166~10-02 

TELEPHONE INDUSTRY THREE INDEX BIAS 

F I~M 3 
<-o6l'lOUI0-)3 
-o445JIOO-OJ 
0,4426660-03 
-, J5J6.1JO-•J3 
-.8127<>70-04 
Oo 61B24b0-0J 
vo 556J660-03 
-· 255> 530-03 
-,b7J2HO-OJ 
o. 7946181.)-0" 
-.4~16340-03 
uo72366~0-03 
- ' 1 9 '! ' ~ lj 'J- 0 J 
0' J l'l 145L)-')) 
o.JJs•"00-J3 
-,Q~2'334D-)4 
CJ • '321.2(• 1/D-J 3 
-, 3tJTI\(,ljU-0" 
(•. 6751\QJ[)-03 
Uo >~211Bll-04 
-. 64J26lt>-03 
-.1217'"00-J3 
-.22'•09011-03 
o.o~stZJD-01\ 
J , 4 I > 2 4 0 ll- 0 J 
Ootllu~3IO-u4 

f'IRMI3 
-,1591>520-02 
-,I BJ I 4<,10-02 
-. ~199570-~2 
J. ~5~7A/U-~.3 
Oo J50POJD-OJ 
-. 2r.~e570-c'2 
Oo 26JlJOD-0'5 
-. 2 1 s 2 2 7 o- o 2 
Jo534b'lb0-JJ 
-. 2 7Jl!.JJO-(J3 
0,6<;~3390-JJ 
-• 412-' 72D-02 
Q, 2313530-0J 
Joi8741QO-)J 
- • J f " 1 tJ 1 o- J 2 
o.J2'-l9tn-o3 
0 • 3 2 A 4 ..:S 5 >- .: J 
0.4 7J4.J4(J-J3 
-, 3449\II>D-02 
-·416.::!100-02 
o. 706~,()50-0J 
-. Jl,..f4J0-.1~ 
CJ, Tb'loi\OIJ- 0 3 
-o276b63D-02 
-,J<,IY6<JqO-Q2 
-.1217270-JZ 

FIRM • 
-.12<43260-02 
-, 9J9t!7 70- OJ 
-.2091690-02 
-·2617310-J3 
0.5893030-0<4 
-·1202710-02 
-,f>472GB0-03 
-. 8032370-03 
-olll2910-04 
- oJ680920-0J 
c.22eesm-o3 
-·2173600-02 
Oo 773 72 00-04 
-.5617410-0J 
-oi6517I0-02 
-.s~--~2tJD-03 
-,JibiB'>0-03 
-.5625970-03 
-.1655250-02 
-·1 ~3209[)-02 
-.7~96590-04 
CJ,2J491v0-J4 
Oo3097670-03 
-o166926D-02 
-,21328/J0-02 
-.7930050-0J 

F II>>' 14 
O,B64IJIO-J3 
-.Q.bl490-0J 
Oo840B240-03 
-.9769850-03 
- ol3984 7D-03 
0.1145540-)2 
Oo!\644160-03 
-.7278260-03 
-oi61076D-02 
-.46773'lD-03 
-oiJif\070-02 
Oo'I62Q4Q0-03 
-o320H21'>0-0J 
Uo<'l-!72520-03 
O.l83b3b0-0J 
-.~6511220-03 
o. 491~570-0J 
-.724fl340-03 
Ooi2046~D-02 
Ool1407~0-03 
-,IJ~OBA0-02 
-, IBBYI40-03 
-,4270330-03 
-·1173C20-03 
Co52tllb0-0J 
- ol 1'10840-0J 

FIRM '5 
0.60667'90-0J 
Oo1616940-~2 
Oo238f>630-02 
O.J2151JO-OJ 
-,6'li9<40D-04 
0.~541560-0J 
-.1245980-03 
Oo\512990-02 
Oo6556560-0:-
0o J'>42JOO-OJ 
Oo3U04510-03 
Oo2089010-0:C 
0.77"72"?0-04 
-.JuB2!:lSu-G• 
0,1882970-02 
Oo4624A50-03 
- • .364401 D-03 
0.3~~J2SD-OJ 
0 ol J 26 250-02 
0.21 'HI>D-02 
Oo537866D-u3 
Gol411310-CJJ 
-,1796020-03 
Ool799t50-0< 
Oo2101 850-02 
o. 82253!10-03 

Fill'< IS 
-.10302',10-)2 
-·2909740-02 
-.2426220-02 
-.1H~822D-02 
0 •• 9 ... 2::!>0-04 
-.1099010-02 
-. 84• 164 0-0:) 
-,JO<J9990-02 
-,2U52<~AD-02 

-, 26 057•0-02 
-,2380020-02 
-.~;.64120-02 
-.13711>0-03 
-.t>3054q0-UJ 
-.~570930-02 
-.3JQ5920-02 
-·66(4~60-03 
-.27b5b'l0-02 
-.lu59J90-02 
-.C.37215D-02 
-. ;.o l'i8·1D- 02 
-,1 !!32850-0J 
-.497'<610-04 
-.Jc 77JJIJ-02 
-. JJ co 730-02 
-. 1!174970-02 

F(1>'4 6 
-·162JJ40-02 
-.3916910-03 
-.4037930-02 
o .a zq677o-oz 
Oo17~6650-03 
-. 1 14 t 6 to-o 2 
-·12?6040-()3 
0.1962740-04 
Oo23Jq060-U2 
o.1s•oJr,o-o2 
Oo2558Jb0-J2 
-.311 BJSD-0 2 
0, 2 4 I 61 SD -L 3 
-,22UJ5 lD-U.J 
-,(498010-02 
0 ol 8">5750-02 
o.••nOI">D-03 
0.1~646~0-02 

-.3427270-02 
-.2·•~J2en-Jz 
o.t5J71•1o-o2 
J,79Jq\b0-u4 
0.85071 ~0-03 
-.t74754D-U2 
-.JOC>b790-02 
-oJB642.JO-C3 

Fll>"16 
-.29 76'JQr)-l) 2 
- ,J4215 10-02 
-.64117Q0-02 
Oe<J02)150-03 
Oa44'\4<\ ID-03 
-.3327230-JZ 
-.36<>2670-03 
- • .J':.>'3oqoo-oz 
0 .J9'l~J 60-03 
- e56SI\5 80-0 3 
0.95922 T0-03 
-. 771B740-02 
Oo2S7'l'><>D-03 
-.2U07540-• . .J 
-.59113\20-02 
-.774jl20-04 
u .J9J7170-JJ 
0.5113'520-04 
-, 5b924 I 0-02 
-.6 H'_l2':i fJD-0 2 
Q,49.32~2D-U.3 

-.ls<>OIIO-uJ 
Q,II<'><JI70-02 
-o512J~I\D-U2 
-.6978090-02 
-.226~~90-02 

FIRM 7 
Oo1155990-02 
-.9'364<'40-03 
o.ze>'l91bo-o2 
-.2167860-02 
-,430480D-03 
<),20B4500-C2 
Vo3954110-03 
-.3292310-04 
-.?.36lfJI0-02 
-, 27 l6SJD-O 3 
-.17132•0-02 
u. 276~740-02 
-.5?'llJ"51D-03 
-.21~7~30-JJ 
Ooi5S46J0-02 
-.1460410-02 
Q,A9~b010-03 
-.1<;17~6D-02 

Uo 239~5·)0-02 
o. 14JO~'.lD-02 
-, 246b230-02 
- o\9\ ~690-03 
-.6239700-03 
Ooi5'J7JID-03 
Ool4•2<90-02 
0' 546224 1)-04 

F II>'~ I 7 
- o 37 J 74'10-U~ 
-o83J4tl00-02 
-.9639580-02 
-.39764~0-02 
-. 2!>l)4 ""~rJ-01\ 
-.2724000-02 
-, 9Q3U240-03 
- • 70 2 H 7 tr>- 0 2 
-, 41H 0890-0 2 
-, JO.JJ50D-02 
-.2630290-02 
-o91!31210-U2 
-.602040:0-QJ 
-.1S·Jb45D-0?. 
-,86U52JD-02 
-.461\4960-02 
Oo51<119J0-03 
-.4465610-02 
-.554fl9f\D-02 
-·91HU~4U-U?. 
-,44J65tl0-02 
-.Sb77B2D-03 
Q,444IU40-0J 
- • 94 7'~Ut"'0-02 
-.1019500-01 
-.4'3UU17D-02 

FIR'1 6 
<J•636'lUJ0-03 
O.l3717BlJ-0" 
Oo37S5300-02 
- oll\lh 149r>-v3 
-.3207620-04 
0 o97J743D-04 
-.~276150-02 
0.45tl16Sn-OJ 
-.lJbQ77D-O~ 
-.21 U96'1D-02 
-.2046(,71.) ... (12 
Ool\1\8150-02· 
o.t&~2240-03 
- , ~;A J 1 7 l D- Q2 
0, ES3•690-0J 
-.2244470-~2 
-.1 Qll7lJ0-()2 
-.2u 14770-0<' 
Oo246U~'IIJ-C2 
o.J4tt,77o-o2 
-,49U'I~71J-03 
O.I9U3'oi10-0J 
-.5026470-0::0 
~.ITIAIIO-U2 
Oo2S531UO-U2 
Joi62~45D-C3 

FIRMIB 
-.2555940-02 
-.3e,97420-02 
-.79G5260-U2 
0 o2706970-0~ 
OoSJ77700-0J 
-,JJ493SO-J2 
-.SOb75QC"J-03 
-.4512520-02 
- .e0'}5J7o-o:; 
-.1994 06()-02 
-.5039420-:JJ 
-, 79CI81 uD-02 
Oo29'13uJD-OJ 
-.154Q2lt)-~4 

-.6758170-02 
-. 1 ~~~) 7• 21) -·)2 
-·1U5048tJ-ClJ 
-·P6'i21170-03 
-.•961560-0? 
-.b~JCJJt'D-02 
0 .2.3.,4221)-(.1\ 
-.~U53f~bU-VJ 
Oe9QOJ55D-03 
-.!..JOJ4741J-02 
-eb622A00-02 
-.;~62130-02 

FII>M Q 
0 ,1(.28640-U4 
Oo2b36490-0~ 
-.2292260-J3 
Q,44J6ubO-u3 
Oo9902300-04 
-.2577Y40-v.3 
O.li6BI5D-04 
- .6<JJ9•6o-04 
0.2809770-03 
-.1263700-:;3 
0.71 02610-·-'4 
-,J27B4~0-0J 
o. 1110 r JD-uJ 
0 '1 755790-0.3 
-o243J5'l0-03 
0.1 R05'..iJJ-CJ 
-.11 bl \IJ0-U3 
0 • .?.~,5Q 71\D-v J 
-.15407•0-03 
-.51418YO-O• 
0.42'tsl47D-uJ 
Oo2261650-04 
Oo98796JO-U4 
Q,l99741n-vJ 
a • .39e2~so-0" 
0 •• ~56640-0 ~ 

Fll>'11'1 
-.2J72~11J-J2 
-.4196220-02 
-.7576690-0?. 
-,37536•o-oJ 
0 o:l2!131100-0:J 
-. 25J21 '1()-~ 2 
-.1433710-03 
-.421A650-v2 
-olll~\10-02 
-.12~2170-0?. 

-.3366410-03 
-,6\192Y>l0-CJ2 
Ooi71J2·1D-U4 
-·12JOJJO-ld 
-.5961490-02 
-oiiJ5'-170-u2 
De5.3~0320-U) 
-.fl770Jj0-JJ 
-.46 • .3640-02 
-.b!344BvD-U2 
-.73877.30-0) 
-.~orre2o-oJ 
Oo7983660-0J 
-.~277470-v~ 

- ob56Hl'I0-07 
-.24t:>J7JIJ-v2 

FIRM10 
,7421790-0J 

Ool2882.,0-v2 
~.1749150-02 
JoS419340-~J 
0.5093170-04 
·' • 3 7 3 4 5 70- J J 
0, 5 76bB 50-04 
v. 7650230-0J 
-J ,JJl ra::.u-oJ 
-. t 2414JL>-..JJ 
-olS'J7bBO-OJ 
)ol3t>76'10-02 

·1.3274 ~0- ... 3 
·Je30l7.3i.D-03 
Ooi068170-02 
).2.68770-03 
- .J~.:>£•:~o-o...: 
. , 33976 eo-o J 
O,ll7JR2D-J~ 
~.lt>~t>92u-oz 
.• ~78:.:to..l TO- J 
'J • 6 1 9 3 Q 4U- 0 ''
-.13237.0-llJ 
o~e15Y17JD-J2 
O.IT'IBJ<>0-0:! 
c .bl914b..J- ,j 

FIR'42~ 
·2972• 70-~3 

-.420134Y0-02 
-,JJ4J910-0Z 
- el0,7j74l:H)-Q£ 

el69fl54D-03 
-,()64~o~74D-J4 

0.69624 20-0J 
-.44145~Ll-:.:..: 
-.418JI20-02 
- • .JIOT2tJO-uc 
-.37U09SD-J2 
-·35254~0-02 
-.33.-lo\c;lO-vJ 
.' • 7bU~9l>l1-1)3 
-.458b28l)-02 
-,J1J22<0-uc 
o.~2UQ77L)-OJ 
-.234t:JlOD-v2 
-.5079400-uJ 
- • J66<JU £'LJ-02 
- • 2671.2 2D-..., 2 
-.SlJblJUO-OJ 
-,2JB07b0-03 
- .J 2t10'J 50-0" 
-.3ou•210-uz 
-,<!0211 80-<•<' 

.... .... .... 



I'IR'-1:!1 
-, !!2e351o-o2 
-• H•H670-0 I 
-.1392000-01 
-,J7CJ6~20-02 
Ool9~~ozo-O~ 
-. ~~20690-02 
-, H9~C40-03 
-. 7929560-02 
-· 3899290-02 
-.171'~~50-02 
-.971~060-0J 
-oi22BI90-01 
-o66~03flD-03 
- oi69J4 50-0 2 
-ol"l 51\940-0 I 
-,Jt'>OI\030-02 
Oo 15Z«SSO-v2 
-o305H,D-·)2 
-,8671690-02 
-, 12116530-0 I 
-,4221830-02 
-• ~66Q640-0 3 
Ooi0450J0-02 
-·1212780-01 
-.IJ7929o-r 1 
-.!537!5200-02 

rJRM22 
-,2933 H0-02 
-, e ~ 22 1 :lD- o 2 
-· 7517690-02 
-,305)~50-02 
o. 50694~0-04 
-·24229~0-02 
-, IOOc I ~D-O 2 
-,'574flJID-02 
-. 3~56970-0 2 
-.2~177)0-02 
-.2411JJSD-02 
-.7497\bD-02 
-.3771510-03 
-, 11 EH:l.! l0-0 2 
-,71A4500-J2 
-. 4041 2(,0-02 
Q,4475b&D-04 
-,37t>HI70-02 
-••290CJ0-)2 
-, 7G577bD-02 
-.3370~90-02 
-·4187560-0J 
0,3657330-03 
-· 7J6(J0'j0-02 
-. 79~5 7~0-02 
-, 3Mib 7bO-O 2 

FIJl,.;!3 
-·9909270-03 
-.3777760-02 
-, 3851310-02 
-,17J8<,1J0-02 
J,\~JJt.Ot>-03 
-,1121l'IO-•l2 
-. J 11 I 5 70- )3 
-·•026740-02 
-,JI072lO-J2 
-, 2h0519D-O 2 
-o24G8820-02 
-, 41 Jl2 Tb0-02 
-,IQJBUllJ-03 
-.l~82100-t1.3 

-.~52J48lJ-02 
-.2<;292J0-02 
-.915,7~0-0~ 

-. 2477150-02 
-,ltll 7·W-02 
-o373RJ>IO- J2 
-.2154440-02 
-. )1541)\llJ-03 
o.~7716Jo-o• 
- • J a 1 ~ ·n o- o? 
-, J92t.J~80-UZ 
-.21o1~;<\lJ-J2 

FI~W2~ FIR~25 
~.2750720-02 0.62~6370-03 
-·6197520-02 -.85593J0-03 
-,5608120-03 -,9417220-03 
-,::<91171l40-02 Oo23~11 J0-03 
-,3~481170-03 0,49119750-03 
Oe36~3SJD-02 -,1(284~0-02 
0,2661140-02 -,2112200-03 
-.SS573QD-02 -,Jl54040-02 
-,74286'50-02 -.2JC5840-02 
-o271152D-02 -,37083110-02 
-,5QI246D-02'-,J22359D-02 
c,JJ~277D-OJ -.2•1s~qo-02 
-.1324.20-02 0.3.76770-0J 
o.t5479JD-U2 o.e7e•7Jo-oJ 
-.2~06610-02 -.3413620-02 
-.•oo7aoo-oz -.2S2075D-02 
Oo25550J0-02 -,II912A0-02 
-,32lb42D-02 -,t5A816D-02 
0,2781910-,2 Oo~621780-03 
-,2A4270D-V2 -.6294010-0~ 
-.606~220-02 -.2202500-03 
-.99724J0-03 -,IJJ8970-0J 
-·1383550-02 -·3097260-04 
-.30~8690-02 -.3163550-(JJ 
-.lu~71lD-J2 -.3tJ2140-03 
-.1717500-02 -.IOOB';lZ0-02 

~V~RAGE 
-.6293640-0J 
-·2431790-02 
-.2898160-02 
-.92~9250-;)J 
0 o9893JilD-04 
-,n875QOD-OJ 
-,I'H022D-03 
-.2521710-02 
-,1679010-0 2 
-,\427"110-02 
-.1256380-02 
-.2977210-02 
-,Q9A9040-04 
-.1 "54330-03 
-,300 0000-02 
-oi6J 1300-J2 
0 o2575'lGO-G4 
-,lJ5719D-02 
- ol 4522 ro-o 2 
-.27li54D-C.2 
-.11934'>0-02 
-.1 918260-..>3 
o.t2762So-o3 
-·26)7700-02 
-.2628'150-02 
o.o 



I' I RM l 
-,14!'&490-CJ 
OoiY4!1700-03 
-.IC02940-02 
-.157!1690-02 
-·5299560-02 
-.3">6<'>lnr:>-r3 
-.242]:' 10-0~ 
-. 3902e2o-a2 
-,1418?.60-C'J 
o. 7~90690-03 
-, ll63fl6D-02 

f" IR!41 I 
Oo?436710-05 
-.1355010-0J 
-. 1363;!:10-(;J 
-.47:;<'>300-03 
-.2!57e'>Ar>-o3 
-·1074r,7D-02 
-.32011100-04 
- • • 4!>0720-04 
-·65~2070-03 
-.e72o1 :m-o" 
-. 2093<'> JD-() 3 

FIR~21 
-.3~44000-03 
-, Jill 4 A ~t)- 0 J 
o. 201 9~40-03 
-,2::'98Q90-t'2 
-.1241l3tl0-0! 
-.:Jf!J7.,2D-V2 
-.29~!5550-(JJ 
-.e2'l041D-v2 
-oiJOQ04D-02 
'lolJ2759U-02 
-.2773660-02 

FIRM 2 
o. 9085.3 20-0 !5 
Ooi09?970-0J 
-,I O'W4£>9D-03 
Oo5(,5JJ'lD-03 
Oo605; 300-0~ 
Oo9c97~H0-03 
o. 7 t 7h6 1()-0"' 
Ool :101•~40-03 
Uo328bQI;O-vJ 
o.2~q1::~o-o• 
Oo2£>3bi!J0-03 

FIR'-112 
o.reooe•o-o4 
Oo3527060-0J 
-,1974880-02 
-· 4925 750-02 
-,II 74020-0 2 
- • 2 • 1 57 ..10- J 2 
-.2400040-0J 
0.2Q245,0-03 
-.3999170-03 
-.111'17)0-03 
-.JC52tl0-J2 

F IP'~22 
-.17097<!0-03 
-.1293~70-~3 
-.5667600-03 
-,J02J~70-02 
-. 69~84Jt)-02 
-•31QQ410-V2 
-,2477640-0J 
-. 416Jt•0-~2 
-.1017400-02 
Oo6IJ5170-vJ 
-.&ee~J!o-oz 

TELEPHONE INDUSTRY FOUR INDEX BIAS 

F Hl'4 J 
vo 1354770-04 
-.63430.30-04 
Oo6150220-03 
- ... ~~~810-0J 
Ooi09!J420-03 
-,b5JB080-03 
-oiJSJJ~D-13 
o. 7393210-0J 
\.oJ\l5591lD-03 
-.90752BL>-V.t\ 
Oo4J79200-04 

F I JIM I J 
-ol52~'l40-J3 
o, P5fiJJD-OJ 
-, JtSl?.S0-0 J 
-·15'12130-04 
-, 43J9vOD-~2 
J. !:\~(~ 15YO- )J 
Uo5551980-04 
-, Jb2~ND-J2 
Oo3400IJLJ-03 
u.Tt416on-o3 
-.6374240-03 

I-IRM23 
-. 6596970-04 
0.!556764.)-)4 
-o3fiB703D-03 
-,279<'>CIU-02 
-.3794060-~2 
-.21J~JB4SD-02 
-, .?4'H800-03 
-. 17~74&0-02 
-.1322210-0J 
Ool971H>D-OJ 
- ol 096950-02 

• FIRM 
-.5741700-04 
-.3536030-05 
-,5450480-03 
-.2404230-08 
-.1(,26560-02 
-ol754690-04 
OoB090000-04 
-.1651710-02 
-.5043240-03 
Oo22'3859D-03 
-.4096370-0J 

FIRMI4 
Oo3656320-04 
-.953•920-04 
Oo61l2613D-OJ 
-oiii65I0-02 
Oo?694270-0J 
-·1•1 7450-02 
-. 2254 770-03 
Ool3v015o-n 
Oo250£o690-03 
-.2)15560-03 
-.5069020-04 

F I RM24 
Oo4477210-04 
-,2824COD-03 
Oo2696!570-02 
-.5570920-02 
-.2560300-02 
-.6113000-02 
-.1042020-02 
Oo3Jt4310-02 
Coi5031Z0-02 
-.3415390-?3 
-.8401390-03 

F IIIII !5 
o.6J9J72o-04 
Oo!>30635D-06 
-, IC 76040-0J 
Oo55724'30-I)J 
Oo2l'l6520-02 
Co•l739290-v3 
Oo7719420-04 
o.1J2sr2o-oc 
-.9476270-04 
-.2567970-03 
Oo4231>010-03 

F I llloll5 
-.2406~!10-04 
Oo2209760-04 
-.7698700-03 
-.2.~94•0-02 
-·23'74250-02 
-.1>~~810-02 
-ol592170-03 
-ol :·A 1410-02 
-.606481)0-0.:: 
O,J.q•21D-03 
-.938'>1110-0J 

FIRM25 
o, 4J e547 D-04 
Oo!>\~4290-03 
-.1327050-02 
-,JJ563T0-02 
-o11•eeJo-o2 
-.2611040-03 
- • I 7 I 7 51 0-0 3 
-.57250~0-04 
Oo83561<'>0-03 
Voi327790-0J 
-o47<;36'lD-03 

Fl II'~ 6 FIRM 7 
- ol5254 oo-t J Jo89756)0-04 
0 o9993• 40-0 5 -.31 72230-0J 
-oi25UB20-C.3 0, I OJ tlu3rl-02 
Ooi9J'l260-02 -.t16ve'lo-oz 
- o29'132 70-02 Ooi7477I0-02 
Ooi6~973D-u2 -.2555990-02 
Oo2JI<'><ID-03 -, 2'li627D-03 
-.)437~ 70-02 Oo271572rl-02 
-,7J5116D-04 -.JJ55210-0J 
0.6190970-03 -.54234<;0-03 
-·2291970-03 Oo4271'ol40-04 

F I !I'll 6 F If? "'I 7 
-o24462 B0-03 -·2316330-03 
Ooi69JB IIJ-03 -.266 ... 92[)-03 
-·6~67760-(JJ -·26)0610-03 
-.121 l2bO-J:! -.3410340-02 
- • 702 I '760-02 -.6920350-02 
0.7379110-03 -.42u475D-02 
OoBB<'> 1740-04 -. 335\1490-03 
-.586179D-02 -.~2-To\HQ0-02 
Oo43'l7440-04 -.1274620-02 
0 el t.U055D-02 Oe7dJ0~>4D-03 
-·1181610-0~ -, 2339Q6D-02 

AVERA.GE 
-.59?~170-04 
OoJ!'15370-J4 
-.2337110-0J 
-oi515850-J2 
-,2743500-112 
-.1123•90-02 
-.1318440-CJ 
-.14842~0-02 
-.8~45160-04 
Oo2594690-C3 
o.o 

FIR'~ e 
) oi525JID-OJ 
0 oi273640-0:l 
-.137125')-u~ 
-,J50HI6D-u2 
Oo3289410-02 
-.b4J!.>l70-03 
0 o37BuUJD-04 
1) • 2 3 b 16 J r> -v 2 
-. 73!•3070-0J 
-.5405070-03 
0. li6905Cl-03 

F I'IMI fol 
-,2Q38!JUO-OJ 
0.30 OtH)«lf)-rJ3 
-·1096910-02 
- oi495Bu0-0·2 
-.6611190-02 
Oo22l62ZD-03 
-,1!106310-05 
- ,!;2623 rrJ-(J2 
0 oi88369D-03 
~.99186?.)-03 
-.1316300-02 

FIRM 9 
-·•Q6124D-u5 
Oo'1'l29320-04 
-. 1 87 1 3 4 o-v 3 
0 o95558'J0-0(1 
-.1407120-03 
0,4431090-0.J 
Oo2777970-Uo\ 
-.2433670-~J 
0.1!<05410-~J 
0.7101630-04 
0.23557JO-(J4 

FIR'-'19 
-.204?270-0J 
0,999~l2D-04 
-.34:!18~0-03 
-.1~ 17060-02 
-.6649790-:;2 
-.!JJ381\10-I.J3 
-.8205490-Q. 
-.474.JbJD-u2 
Oo8HI9360-04 
o.eui22IO-IJJ 
- ol2713\l0-U2 

Flh"'IO 
OoS469790-i11 
Ool05~0 10-0J 
- oJOJ6.J 1 o-oJ 
-.15!103.0-i/6 
Ooi531320-02 
0 .~2.JJ'i4U-OJ 
0.2724150-04 
OelOOHJ.::>U-0~ 
Oo2470JJ0-03 
-,15-.6120-UJ 
u.32Jo\l2<>-oJ 

F I 'l-''2 
-.JU66!>40-0~ 
Ooi4065~D-03 
Oo2842500-03 
-.J9J7t>OO-v.2 
-,J60\l6E'.O-~Z 
-.2632350-02 
-,4748020-JJ 
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0 o!'>B94J40-0e 
0 oi4305B,l-04 
Ooi6BJ7AIJ-04 
0 oi29275D-04 

F IR"IIl 
Oo453120CJ-05 
0 o23QI)QS0-04 
0,6299700-05 
Oo2IJ5680-C4 
Oo496717D-O~ 
Oo2901l440-05 
0 ol252~~ll-05 
0 ,42226'10-05 
Ooi601JI0-04 
v. 5961261)-05 
0 o61J7600-05 
1),4521100-0~ 
•)o7J41)73D-0~ 
I) .291 ~J'ID-05 
Oo46797T0-0~ 
Q,457967D-05 
., ,4643490-05 
o .no ro2o-o4 
Oo1210fl20-0'S 
•J ol>226130-(15 
0 ol 830740-04 
0.6.,82240-05 
0 .11~227~0-0S 
0 oi94\I'J40-0•1 
0 ,6Q488JD-OS 
Oo'l~~471D-05 

FIR~ 9 
o,SQ674?o-os 
0 .521>2860-()5 
0.2455390-05 
Oo4129520-05 
o ·53646 ro-o 5 
Ool4605 l0-05 
Oo:lt:>BJ6FlD-05 
Q,J(;OtHll0-~5 

0.~0070~0-0:.i 
0o201J&JD-06 
Oo549IZ40-05 
Oo29927JO-U5 
O.l3057.,j0-05 
0.:16 769 20-0 5 
0 o422006D-06 
0.3"07710-0'> 
0.5955010-05 
0.2~9<;7"-ll-~5 
0.111',2450-05 
Oo222(JQ 10-·)5 
0.22591uD-OS 
Ool926110-05 
Oot:>1J6JI0-05 
0·2146)1'>0-t)'") 
0,4602]10-0~ 
O,J2373~D-05 

F[~MI9 
0.21>47420-0] 
o.5.674JO-,jJ 
OoSIIS!>SD-OJ 
Ool7119b0-0J 
0.25042!;0-~J 
Oo31l0147D-OJ 
0 , I J 7 I 0 tl 0 -·: J 
0. 5!>295t>ll-OJ 
0.1740270-03 
0.2285820-07 
Oo35J658D-04 
0.465EIIID-0l 
0 • 760MlJD-04 
0,4094530-01 
0 o255BI QO-CJJ 
o.982JO•J0-04 
0.35374 70-04 
o.1~ 1~5';0-0J 
0,4;>80'190-03 
0 .7.; 41920-IJJ 
Oo5585450-u3 
0 o24 94 740-03 
O,J499110-04 
o .s• J74oo-o3 
0 ,65369'>0-0J 
Oo3075710-03 

F I RMlO 
0 , 4 4 B 7 J bO -u 5 
) o9550Q00-05 
Ooi479JOD-05 
o,995baoo-os 
0 .t ul45uD-04 
0.36655U0-05 
:•.1106260-04 
Oo3B43'S.D-05 
o ol5<41 vo-u• 
j.1128JUO-U~ 
0.2(>40000-05 
J .Jt\Qq55t)-0~ 
o.t07262D-04 
0,9~5BJ00-05 
ob7522~-06 

o • .-.T\57\U-0>;, 
Oo294t>J20-05 
"ol I 5 I 0 3D- 0 4 
Q ol147bb0-04 
O.l,lJULlJ-04 
0.1 '3bB3fl0-04 
0·4599350-05 
0 , 2 I 10 0 !.0- 0 5 
o.l(;b2'f4D-04 
.n8J6J~O-J5 

0.74U0910-05 

F"IRM2LI 
Oo33021lJD-05 
'Jo2b917BJ-04 
Ooi224·JilD-04 
, .1770JBD-04 

'.lo900420D-U5 
o.~034270-v'i 
Oo92C<IJUD-05 
0.1367150-J·• 
0, 2 I 5 12 50-0 4 
Oo26165~U-05 
0. 78798 20-06 
f) ol 53 I 2 "'D- 0 ~ 
Ooii'1527D-04 
0 • I 0 19 0 20-0 4 
:· o80242flD-Ob 
Q,JJ31180-0~ 

( .15.384 bO-OS 
)o2013846D-04 
o.t oe22oo-o4 
Co2928JYD-04 
Uo32544(l0-~4 

Oo'/~29830-05 
J,2b2232D-05 
o.2l26lliu-o• 
I') • l OJ I 1 \llJ- 0"' 
Oo124t..0?0-04 

.... 
N ..... 



FIR~21 
~. •?21770-05 
0,600 II 60-0 5 
Oo312Q•00-05 
o,57Q&O•o-o~ 
o.:?2QJS4o-o5 
., , 4 5Jf',O~D- OS 
o. 5336320-05 
Oo270J6~0-0S 
·J. J6734Q0-05 
),J,7J7f>D-C5 

,, , 2 7 7 I 0 I 0- C 5 
J.5J47Q20-05 
o. Q~ 1-870-06 
1),4Q'lQJ4[1-05 
o.•~J4260-05 
l,6JCQ~0'1-05 
Oo517~4~0-05 
), 76(>01! 70-05 
Ooi9AI7!'0-0'5 
o.21J404o-os 
J, JA2q6RO-O 5 
o.2SJ6oso-os 
Oo JJ'>0000-06 
·',~6bQC4D-05 

0,7742610-05 
~.-~617?.0-05 

F 11'1"122 
Oo376'1380-05 
Oo477.JQS0-05 
Oo4IIIJQ0-05 
0.1054450-05 
Ooii2J2130-04 
OoiOIOJ00-04 
Oo 273 II J0-05 
O.l04JIJ0-04 
Ooll J~( 60-05 
Oo2375710-05 
('.504'3670-05 
o.S~>2~59'J-05 
o.1 r-J292o-o5 
o. 1057<10-04 
Oo2321190-05 
0.2141~1JD-05 
Q, 760o520-0 5 
0.2P72QIJD-05 
o. 3263120-0!, 
o, 7A797JD-05 
r). Q J J 61! 70-0 ~ 
Coli 74850-04 
Oo427CCID-05 
voiOOTJJ0-0!:> 
0.4271H0-05 
0. 5355560-0 5 

F 11'1"~2J 
O•l'l'lfll'>f>D-OJ 
Oo4425!>5D-'3 
OoJ 15C?40-0J 
Oo2524:'b0-0J 
)ol5.505ll-OJ 
0, 2 2 4 I ~Ill- 0 J 
o.la~&54o-oJ 
), J3~9040-J3 
o.zs1o•2n-oJ 
)oB>l90210-)7 
:; , .-c;s J7TD-06 
·O, 28 7b'l5D-03 
O. 1016310-03 
o.:>322J•o-o3 
0.1512790-03 
Ool J>H/I~IJ-03 
O.-" I 94950-06 
Oo212J3l1J-03 
o. 337• oor>-OJ 
Oo3J~I J6D-O:l 
Q, 5J'>690D-0 3 
O.I409S2D-03 
o.-79•~no-o6 
Oo5C326Jll-<JJ 
0.512 .. 590-03 
Q,2452JOD-OJ 

FIR"'24 
Oo36!1621D-04 
Oo2'l44120-04 
0.2961460-05 
o.•T765Jo-o• 
Oo5B21.17I0-04 
o. 2023530-04 
0.7457750-04 
Col2b8770-04 
Q,6Q3b020-04 
Oo5564l70-05 
Oo2022600-04 
Oo5132J90-05 
0.5798260-04 
o, b74 3580-C4 
C, Qb21lb70-05 
Oo42006J0-04 
0.1618040-0~ 

Q,J957JOD-04 
o.72e971o-o• 
Oe64474.JD-o• 
o. 7~15e5o-o• 
0 .t 925460-04 
Ooi8J2vQ0-04 
C.424fl'l20-04 
o • J 1.1 3 J 1 so- a• 
G.J78621D-04 

FIRM2!1 
0.9342290-07 
Ooii7Q270-04 
Oo7255B5o-05 
0.7174350-05 
0 o8913 7fl0-05 
0. b>\ 06 880-05 
0.6459650-05 
0.98 t<H70-05 
0, II 01760-04 
Oo521.lb920-05 
0.2970090-0b 
0.1291560-0• 
0.1 14271 D-04 
0 , 70 7 2 4 50- 0!.> 
0.2209620-0t 
Oo2630210-0b 
0, 3 8 I 5 I •l 0- 0 5 
o.tz5•aao-o4 
0.6733550-05 
Ooi995710-0• 
C.200906D-04 
0.1257820-04 
Oo3l5'l600-05 
Oob9411l0-05 
0.664 t 890-0~) 
0.7910980-05 

AVERAGE 
Oo5711lf>BD-04 
OollllB40-03 
Ool030990-03 
Oo35'51020-04 
Oo5b9866D-04 
Oo7756650-04 
0.3030610-04 
0.11021;70-03 
0 .31>34530- 04 
Oo4286B00-05 
0 ol7118~0-04 
Oo91-593I0-04 
0.197681.10-04 
0,7Q270J0-04 
0.5100 750-04 
Oo2IJ40SD-04 
o .1 ~62<>eo-o• 
o.Jt7o,ro-u• 
0.8160270-04 
0 ol 3632 50-03 
o.to..,oJzo-oJ 
0.5277790-04 
0 oi79)760-0• 
0 ,, 018160-03 
o.t274040-03 
0 .o 



ELECTRIC INDUSTRY POUR INDEX MSE 

FIR~ I FIR'I 2 F I R'l J FIR~ 4 FIR~ 5 FIR~ 6 FIRM 7 FIRf-4 8 F IIH-1 9 F I RMI 0 
Oo2466' AfJ-05 o. 212s1 1 o-~• Ooll09400-04 c.I6JS9to-o3 0. 316 74 20-09 Oo566271'>0-05 0.7177770-04. 0. 1.6935'50-04 0.1396710-0'5 0.4009?.40-0!;; 
Oo5573C9D-06 Ooi56343'Y-04 ~. 7067020-05 Oo405238D-04 Ooi24JJ20-05 Ooi8424JQ-(6 j. 6920790-041 Oo99J437D-05 Ooi2J657D-05 0 • I 0 2 II 50-0 4 
.:Jo2lt147J0-07 Ooi9JI 310-05 u.5~65590-05 OoiJ44850-06 0.3395560-0!!> 0 ol 719090-05 Oo231J230-04 0.2134690-05 Ool569090-06 Oel262! 60-05 
o. 52!>692fJ-06 Oo3305B90-Q6 Oo Hd <; 140-05 0.9466570-07 o. 7078950-0( Oo4 440]00-07 OoiJ57470-04 OoB61715D-06 Oo4206Q4D-09 'o4JJB7UD-Ob 
,, 22'll ~20-06 0.7296870-04 Joi669640-J6 0. JJ 7 29 30-03 o.J9J48oo-os Ooi42~920-~4 0. 9682540-05 0.1219540-04 Oo2505'ol70-05 ~ ol51 09 ?LI-05 
?.2436960-06 o. 44 94 360-0 4 Oo7140710-06 Oo'J003820-04 Oo5172!l50-07 Ool0~3210-05 0,1425470-04 o.57Jstoo-os 0.2519860-05 0 • 9 2 8 •• '.10- 0 5 
o. eq~• .,~.o-o '\ 0.7J7~e'!",D-O~• o. 737034()-07 Oo89~~100-06 Clol031200-05 Oei767JI0-05 a. lo~ot~•o-ot~ Ooi443291J-06 Oo22004..,0-0~ Ool :>3'2 30-0(> 
o.I·~~071o-o5 Oo!IIOH 10-04 OoiC61970-IC Oei5465QD-OJ Oo65705A0-0!> Oel7~3650-04 u. :!72J600-05 Q,46Ct>I30-05 Oo42DU900-0(, o. 22~01 30-0b 
Oo4:Je<1nD-06 Oo414E440-04 Oo 1'537J50-06 0.4526170-04 Ooi7121D0-05 0.5390910-05 o. 74.'15~60-05 Oo2:J711820-05 OeJ307940-05 Oo4257990-C5 
0, 51 7C49')-0 6 o. 6485390-06 0.1 3~3800-06 Oo3G79080-04 0 ·l4~22'9D-05 Oo3419920-J5 o.s•I:!07so-o6 0 .:J5685Rf)-06 Oo548!.'9?.0-U5 J. 22449 40- ~~ 
Oo779JIII0-06 OoZ578CI0-04 Oo299903D-05 o. ee32B00-04 Oo201J05D-0!!> 0.5141730-05 Oo2134920-04 0.5530090-05 0.17254 20-05 o.JJ59302D-o5 

f"IR~t I fiR~I2 FIRMI3 FIROAI4 F IIH<t 5 FIR~I6 FJR"I7 FIRMI8 F I flM 19 FIRM2>J 
Oo:lb, 19Q{J-04 o. 6104260-0. Co62754JO-J7 0.!113~090-05 Oo9787130-0!; Oe64055R0-06 ,, 4118460-0:;1 Oo2JB8010-05 Oo250BI30-u3 ., • 5267Jf.>i)-J:; 
) , I 5~5650-0 5 OoiJ2•570-04 Cio50J5640-07 0.1666940-05 0o7319470-06 0.901941)0-06 0 olt93J~0-04 o.J•b25I0-06 0. 76454 70-0~ ·)eli2BI930-05 
OoJOQS000-1 0 0,7470210-05 Oo7294000-0{> 0.4039800-05 Oo•37li5SO-Ob Ooi006JI30-04 Ool244110-06 OoBB31340-07 0 .r.• 47690-09 J.I07111l0-05 
J. lq'5775n-05 IJoAI87240-06 0 • l l 7 6 J 0 D- 0 5 Oo6010120-07 Oo.H652•0-06 0 .3200540-t 7 0, I 775270-07 0. 34 3 79110-05 O.I41QbQO-Q7 . •216JOfl0-i.l7 o. 1076910-03 Ooi68700D-03 0.4751190-05 Ooll31830-04 0.4052610-0B Oo2313310-05 0. ~0 161\50-0J 0.4774350-05 0.4655230-0J '),12315Jo-o• 
Oo2194970-04 0.4976~90-04 o. JQI04S0-05 0.1625700-05 O.t 147I!J0-07 Oo6037400-07 Oo257f.lbi0-04 0.2?.37760-04 Ooi4137JO-CiJ "·1854610-04 :> • .675f!400-C ~ O,JQOIBD0-05 OoJ7111820-06 0, 466 25 20-C5 Oel501 J3D-Ci7 Ool843410-04 Oo42BS750-06 Oo637079D-05 Oo237B7Zo-c·r O.ZJ8•97LJ-05 
o.27~3Ab0-04 0.1364550-0 ~ o.e-s1nJ'So-o~ O.t204360-07 Oo7563950-0B o.t27595o-o• Oo40l'J500-03 0. tJ2Q9(J0-05 Oo25570&0-0J Oo7fl7b210-)6 
;), 2CiJ467(>-( 5 Oo6J39140-04 voll81'lfl4D-06 Ool80 1'130-05 o. 22 75670-08 0.20652 80-04 0.11 '10500-04 0, II 76970-05 0,9U20JB0-04 o.3Jr4l~D-05 
), IJ:l9'510-~4 1).13379 10-J.O '..J•I77q57D-11 Coi892!J6D-05 Ooi466610-0~ 0,7712~40-06 0 o 25 \t>f>~D-03 Oo454413ll-05 Oo353231JD-04 0, 761 JOJ0-06 
Oe207JO I0-04 OoSIB251D-04 o. 127'1'>50-05 0. 3521360-05 Oo2'566900-06 0. 65736 70-0 5 Oei920220-0J Oo46B344D-0!5 Ool32344'l-UJ '"J. 52759.:10-0 5 

FIR~21 F I RN2 2 FIR,..23 FIR"24 FIRM25 ~VER.O.GE 

Oo2280990-0'5 0.1064110-04 Ooi39B330-03 Oo208799D-04 Oob8071A0-05 Oo501 0560-04 
o. e 2 31 • oo- o 6 Ooi3J3900-05 0.1011230-03 Oo59196B0-04 0.6896~20-05 o.l757910-o4 
•),4592300-0 5 0•2733420-05 0.!5~76070-07 0.3870760-05 0.3922960-05 0.3162(.60-05 
Oo2502750-C>5 Ool>634\l0-05 Oo920B700-07 0.57554•0-05 0.2141210-06 0.15573110-05 
0.2S!Ie770-05 Oo412BI70-05 0.2898140-03 Oo5172B90-06 0.63642!10-05 Oe9348!:160-v4 
<J,43221l80-05 0. 4 527 350-0 6 ,.2132780-03 Co31Sll920-04 Oo7129020-05 Oo2B•4190-04 
Oo561497D-07 Ooi637920-J6 o.2733••o-or 0.15'15240-05 o.JI71'>2Jo-o5 0.2QCJ6040-05 
0. 2049 920-05 0, I 096 600-0 5 ,,.. • t!: l Jnzo-03 Oo3 634 140-0'5 0.9155590-08 0.4 948i A0-0&- .... ,,, 3'1611 80-05 o, <196.-, 8 10-o !J 0.130 7600-03 0. 35<;9830-04 0,4713750-07 Ool979100-04 
Oo2J790A0-06 Oo3799• 70-05 o.4l09420-06 Ooi4BJ4 ID-04 o.e~2974D-o7 ·Joi55B940-04 "' C) .2328600-05 C,21'!7117D-05 ~. IOJ478D-OJ O,I77B7J0-04 OoJ465520-05 o.o w 



GAS INDUSTRY ONE INDEX NSE 

FIR~II FIR~I2 FIR~I3 FIR~I4 FJQ~I5 F(R~I6 FIR~I7 FIR~IO FI~~IY FIR~20 
Oo3432~1D-04 0.5~678~0-04 0.2,777l0-~5 Oo2545~30-05 Oo5h6267D-05 0•2237550-C5 Joi?.71?90-04 Jo231575D-04 O.J435JSO-Ob 0.512CJ~0-05 

FIP~2l FIR~22 FIR~ZJ FIRM24 FJ~M2~ ~VER~GE 
Uo4~l2550-06 Oo444972D-O~ Oo2~913~0-'4 Oo236426D-04 Oo5960350-06 Ool401120-04 



F'IR4 I 
Oo715331!1D·05 
Jo7044b50•C 5 
Oe7599200•05 
Oo J7<1~630•C:; 
).656?640-05 
0 .7042!170-05 
.,. e4 'l41 !'o-o 5 
Oo4VIIR!I4D-05 
Oo5797940-( 5 
Oo 7'10 16AC>•O 5 
Oo413944D-05 
Ooi2JI9JD-04 
OolQ4330D·C4 
o. -44•Z26n-o~ 
Oo900JI~D-C'5 
u. 7037410-05 

F' IRMI I 
o.~4467oo-o• 
Oo31 <lf\:'!:>O-C'4 
o.Jeose1D-0!5 
O.l;'57QRD-05 
Oo31t4:::9o-04 
Oo3183Al>O-v4 
Oo4J9~990·05 
Ool01)!570rJ-05 
0.31)67420-!'4 
0.51 11<760-0!:i 
O.I16'1170-r5 
:>. J~C'I' 1 !i·•-c" 
v.3,.,"17fo0-04 
Ooi2A2~Jo-r s 
0,551:;1010-05 
0 o I 79:lf14D-04 

Fl'lM21 
J,4'5!-ll70-\)6 
Oo59~7470•07 
t)o:!I4948I0-(\6 
0. 38'511~90- 06 
Oo4475!1Ufl·06 
o.qzrs75o-:J7 
Oo31!10!.;4()•06 
Oo!5:<JSC4!l·C·6 
<),4647~71)-•J6 
Oo 9~A'l70'l·06 
tlo~27n46D-C6 
o. 2t?s•rqn-otJ 
Oo336230D-06 
o.J6457cm-oo 
0.690~920-06 
al, o\ 11..16A 10-0 6 

FIRM 2 
Ool662070•04 
o, 1 !>b2240·0• 
Oo431:1030•06 
Oo27b';71D-Ot> 
O. I 6781.130-0 4 
O.t~o~qtJD-04 
0,5C4646D·06 
0.24447~0-0(> 

Ooi<>53770-04 
o.5~46i.Ho-oo 
Oo1B4l84D·Ot 
O. I C>l :3~0-04 
C.l~A05~D-O~ 
u. lh74610:...0(1 
0,6!..12,..(;QO-Ob 
0.772ll2J0-05 

F I R"l 2 
o. 5:1471120-04 
Oo570t>310-04 
o. 9549~·70-05 
C·o61~J5)0-J6 
o.~~ttzto-)4 
o. 57\l\lBlu-o" 
(o74130'<0-05 
Oo5289~2D-Ob 
Oo 5424CBO·u4 
0 • l45H900-0~ 
Oo5B9<'4q0-05 
\), 57J7220- )4 
Oo5752140-U4 
0.61-14 UH0-0~ 
0. 9 7 2= •· ~rJ-0, 
0. c'!A2 l 0(>0-1,)4 

F I 11~2 2 
O.-UI!>UO·J5 
Oo396IOoD-O!\ 
O.IB94IOO-Ob 
Ooi53Rt6U·O b 
o, 4t'>3v!:;OO-·J5 
o. 'l6J240-0!J 
Ooi38'109D-Ot 
Oolll67740-0I': 
c.-.~e243o-os 
o.,<JS;.I2D-06 
Oo223701D-J7 
Oo4317C70-u5 
Oo437JeA0-05 
Oo2JIC 'iD-.>7 
0.40S(JQ40-0t 
u. 21.32JJ[)--Ll5 

FIRM 3 
Go 6e-lbb40·J5 
(obll~ll06D•J5 
0 •• 559160•0 5 
c•o 415643D-J6 
o. 7955470-05 
.:>oi012J"i0·04 
:. 7354 "l40-06 
Oo2'>oJ440-)5 
Co8'05518fJ-05 
·'•6Jr,620lJ-)S 
Oo608497D-06 
Q, 7~4J57D-OS 
Ool14·l7~0-04 
t), 195D710-05 
Coi\JJI~20-05 
0.5252470-05 

FIR,.l3 
Oo2057(>;10-05 
o. 2095200-05 
Q, 22C5•J20- l5 
Oo'lu772oD-Ob 
Oo20J<.J97D-05 
Oo 210,j'l2D- )5 
o. 2043(>10-05 
Oo78~717D-06 
Oo1Bol46ll-Q5 
u. 19~0 120-05 
o,Q64676D-06 
·.;,J~lo\040-)5 

OoJG~I')ZiiO-JS 
>J.QU2<.JfJ9ll-)6 
Oo1HI41J,J-05 
Uo I !J 7050D- )5 

1'1Rf'23 
0,2907lt1U-')4 
o.z7o~H90-04 
Uo 1897'<40•)4 
Co R4'j!:i740-U';> 
u. J louzoo-'J4 
"·271l5b0-04 
Oo201J5o0-04 
Q,B575J5D-05 
o. 2792<.>50-04 
o,z,ou400-04 
o. 1V4952o-o• 
~.44BY21D·04 
~ • 41\ '3"i9D-~4 
o.tG7446D-J• 
o. 271 ~ 540-04 
:.?J~IliO..J-04 

GAS INDUSTRY T~O INDEX MSE 
FIRM 4 

o. 2613230-04 
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