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Abstract 

CONJECTURES, REACTIONS AND COLLUSIVE PRICING STRATEGIES 
REVISITING THE U.S. ELECTRICAL MACHINERY INDUSTRY  

1956 - 1962

by

Humphrey Oliver Husbands 

Adviser: Professor Ronald W. Anderson

This paper presents a new em pirical industrial organization (NEIO) study o f the US. 

electrical m achinery industry over the period 1956-62. It is a NEIO study because it 

emphasizes em pirical results.

The m ajor goal is to determ ine by regressions in conjunction  w ith sum m ary statistical 

analysis w hether General Electric and Westinghouse as a duopoly engaged in collusive pricing 

of their products over the period under review for the purpose of achieving oligopoly power. 

One o f the secondary but nonetheless im portant goals is to determ ine w hether the duopoly 

price discrim inated against its customers on the basis o f the size o f orders.

This study encompasses one of the most sign ificant discussions o f NEIO by using 

conjectural variations theory em pirically to determ ine m arket structure  and behavior w ithin 

an industry. What is unique about this au thor’s approach is the partitioning o f the industry 

for the period 1956-62 into two parts, with the dom inant duopoly at the top o f a pyram idal 

structure and with some 10,000 firms at the base com peting mostly among themselves.

The study is presented in four chapters. C hapter 1 is com prised of an introduction, 

an overview  and a statem ent of the purpose o f the study. C hapter 2 first introduces a basic 

theoretical fram ew ork which m athem atically defines the p rofit-m axim izing  model, and then 

presents a price reaction model which serves as the basis for developing an econom etric 

model. In C hapter 3, the basic theory is translated into the econom etric model which in turn  

is developed into the study’s final empirical form . The core of the study, C hapter 3 also 

discusses the data and analyzes the results. C hapter 4 brings the study to its conclusion by



stating the implications of the exercise and by offering ideas fo r fu tu re  study.

Given the data, this study has successfully estim ated price conjectural variations which 

are highly significant and which show that, over the period 1956-62, the duopoly had engaged 

in collusive behavior, at least in the m arketing of sw itchgear, and had price discrim inated 

against small orders. The study achieved its goals.
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1.0 Introduction

1.1 Overview

On M ay 13, 1959, reporter Julian  G ranger o f the K noxville N ew s-Sentinel, Tennessee, 

reads a Tennessee Valley A uthority  (TVA ) release regard ing  T V A ’s in tention o f purchasing 

a boiler from  Babcock and Wilcox Co., A tlanta, G eorg ia.1 The release is routine enough to 

be discarded.

A t firs t paying little attention to the content o f the release, G ranger’s curiosity is later 

aroused as inform ation relating to identical sealed bids2 on TVA contracts fo r electrical 

m achinery is received by the Knoxville N ew s-Sentinel. This propels G ranger to launch an 

investigation of possible price fix ing in the U.S. electrical m achinery  industry (EM I).3

The alleged technique used fo r price fix ing was allowing a chosen EM I firm  to subm it 

the low bid to win a given contract while requiring all o ther participating  firm s to subm it 

equal bids substantially higher than the low bid .4 For over 20 years, EM I executives had 

engaged in this activity involving sealed bids. These contracts generated sales of 

approxim ately $1.5 billion a  year.

The consequences o f G ranger’s initial curiosity  tu rned  out to be more far-reach ing  

than could have been predicted in May 1959. The U.S. D epartm ent o f Justice (DOJ) 

eventually prosecuted "the largest an titrust case in the h istory  o f the country," Fuller writes, 

w ith EM I firm s and executives as codefendants.

On another occasion, Fuller recounts, the TV A  sealed-b ids contracts involved I -T -E  

C ircu it B reaker Com pany (I-T -E ), A llied Chem ical and Dye, W estinghouse (Wh), Allis

^ o h n  G. Fuller.(1962). The G entlem en C onspirators. New York: Grove Press, Inc., p. 8.

2Sealed bids are supposed to be secret so that, fo r exam ple, firm  i should not be privy to 
firm  j ’s price quotation, and conversely, i # j. This being so, the question G ranger ponders 
is: why should the sealed bids quote the same prices?

3Fuller, p. 8.

4Ib id„ p. 14.
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Chalmers (A -C ), G eneral E lectric (G E) and Pennsylvania T ransfo rm er.1 Wh is aw arded this 

contract fo r cu stom -bu ilt m achinery at a sealed-b id  price o f  $96,760. But, identical sealed- 

b id prices o f $112,712 had been subm itted  to TV A  by the o ther firm s.2

How ever, it is not the equality  o f bids per se that w arrants an econom ic investigation 

o f collusive price fix ing. For the adoption by firm s o f any oligopoly o f standard  p rice-cost 

m argins (PCM s)3 would yield identical price quotations if  costs happen to be identical across 

firm s. F urtherm ore, this o f itse lf would not be considered illegal price fix ing in the U.S. 

Also, the equality  o f sealed bids does not necessarily signal that p rice -fix in g  m eetings must 

have taken place. A dherence to a basing-po in t policy could also have yielded identical price 

quotations,4 or the use o f  a ta rg e t-p ro fit pricing m odel, as sketched in  Figure 1.1.1, could 

have been used by colluders to arrive at identical prices (G E actually  used such a model in 

1958).

1A lthough occasional references will be made to firm s o ther than  G E  and Wh, the focus 
on EM I in this study will be on G E  and Wh as a duopoly in the industry.

2The d ifference  o f $15,592 betw een the w inning low bid and the identical h igher bids is 
16% of the final contract price. This sign ificant d iffe rence  was doubtless taken into account 
by TVA when the aw ard was m ade. Also see Fuller, op. cit., p. 9.

3Note that PCMs m ay be expressed in d iffe ren t form s. For exam ple, PCMs may be 
w ritten  as: PCM = f(A /S , Cn, ES, K , 1/e) where A /S  is the advertising-sales ratio, Cn is 
concentration, ES is econom ies o f scale, K  is capital and 1/e is the reciprocal o f the price 
elasticity o f dem and. In this study, however, PCM refers to the form  reflected  in the Lerner 
(1934) index, (P -M C )/P .

4U nder a basing -po in t system , oligopolists agree tha t a given price will consist o f a fixed 
price plus a transporta tion  fee fo r the distance betw een the buyer and the nearest pre-assigned 
location or basing-poin t. I f  a basing-po in t is nearer to the buyer than to the seller, then the 
buyer pays less than  the true transportation cost, and conversely. The system results in the 
same "delivered price" to all buyers while the actual price received by sellers will vary with 
the transportation costs. The basing-po in t system  is really a type o f "spatial price 
discrim ination." See D ictionary  o f M odern Economics (1981): M achlup (1949), p. 2. Basing 
point pricing may be s truc tu red  as follows: (1) the dom inant firm  publishes new prices and 
pricing form ulas according to the goods’ specifications; (2) the calculated prices are m ultiplied 
by specific m ultipliers so that participating  firm s use the same book prices and m ultipliers; 
(3) the dom inant firm  then  announces a com m itm ent to no price discrim ination. See Jean 
Tirole.(1989). The T heory o f Industrial O rganization. C am bridge, Mass.: M IT Press, pp. 241 - 
42.
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Figure 1.1.1. T arget-P ro fit (7Tt ) Pricing M odel.

Source: A dapted from  Douglas F. G reer (1980), Industrial O rganization and Public Policy. 
New York: M acm illan Publishing Co., Inc., F igure 11-b , p. 270.

Note: This sketch is only illustrative o f and not specific to EM I. G E  used this technique in 
1958.



As G reer (1980) explains, ta rg e t-p ro fit pricing d iffe rs  from  cost-p lus pricing only in 

form . This technique was developed by G eneral M otors executives fo r the purpose of 

a ttain ing a desired level o f p ro fit through price m aintenance in con junction  w ith output 

flexibility . It has become a sign ifican t approach to pricing  in m anufacturing . T arget p ro fit 

is an a rb itra ry  percentage o f total investm ent (I). Say 7tt is target p ro fit and r  is the chosen 

percentage. Then 7rT = r l and (ttt + C) gives the broken line in F igure 1.1.1, w here C means 

total cost. U nder a regime o f ta rg e t-p ro fit p ricing, C varies w ith ou tpu t while 7tt rem ains 

constant. But, as can be seen from  F igure 1.1.1, this requires price cuts during  booms and 

price increases during recessions--an  unw anted countercyclical policy. This problem  is 

surm ounted  by pricing so that, on average, the target p ro fit is earned while prices are kept 

"fairly constant" over the business cycle.1

Support for the foregoing argum ent comes from  Scherer (1980) who stresses that, 

although the frequen t use o f sealed bids by EM I firm s resulted  from  an observable collusive 

strategy to establish adm inistered prices in the m arkets fo r electrical transform ers and 

insulators, collusion is not necessary fo r the a tta inm ent o f identical bids. (p. 193). G E and Wh 

(the Big Tw o) did not exclusively depend on rigged bidding as a collusive device. The m ethod 

chosen depended  upon the characteristics o f the m arket being served. For exam ple, Tirole 

(1989) cites the Big Two as exem plify ing an industry  using basing-po in t pricing fo r collusive 

purposes in the turbine generator2 m arket, (p. 241).

A fu rth e r com plication arises from  the com m on practice of firm s’ choosing the 

industry  leader’s catalog prices. This results in identical prices which means that identical 

b idding could prevail in the absence o f crim inal collusive behavior. This practice,

1Douglas F. Greer.(1980). Industrial O rganization and Public Policy. New York: 
M acm illan Publishing Co., Inc., pp. 269-71. Also see G reer fo r a num erical exam ple, loc. cit.

2A tu rb ine  generator (or tu rbogenerator) is an electric pow er-generating  m achine adapted 
fo r d irec t coupling to a steam turbine. Once classified under industry  (SIC code) 3614, the 
generators are now classified under industry  3515 and will thus be excluded from  the 
econom etric analysis o f this study. See U.S. Bureau o f  the Census (1954).
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euphem istically  know n as conscious parallelism , precludes consum ers from  obtaining the 

benefit o f  low er prices from  free  com petition .1 As Scherer (1980) puts it: "For nearly a 

century , the heavy electrical equipm ent industry  had exh ib ited  the pricing patterns associated 

w ith com plex, m ultidim ensionally  d iffe ren tia ted  products." (p. 201).

A lthough price fix ing  is supposed to be a lim it to heterogeneity  since it fosters 

hom ogeneity, yet price fixing alone cannot transform  sign ifican t heterogeneity  into 

hom ogeneity. For exam ple, sign ificant d ifferences in transporta tion  costs could reduce 

com petition  so that the goods, despite physical sim ilarities, w ould still be perceived by buyers 

as d iffe ren tia ted .

Form s o f collusive pricing practiced by EM I also varied  according to the p roduct and 

to the m ethod used to sell a given product. Exam ples o f the varia tion  in  techniques used are 

as follows: fo r standard  transform ers2 and industria l controls (m eetings to fix  prices); fo r 

tu rb ine  generators (publication of a pricing form ula fo r the com ponents o f such generators); 

fo r sw itchgear3 (beginning w ith book prices, the sealed-b ids system  is used); fo r pow er 

sw itchgear equipm ent (low bids are ro tated  among the collusive firm s by the phases o f the 

m oon).4 Perhaps, the sealed-b ids m ethod was the m ost in teresting  o f all. It seem ed to draw  

the m ost a tten tion  at the various hearings on EM I’s pricing  behavior.

What does create reasonable grounds fo r an econom ist to look into accusations o f 

collusive price fix ing  against EM I is the fac t that, although costs (not ju s t transportation  costs)

1Fuller, op. cit., p. 212.

2A pow er transform er is an electrical device fo r changing the ratio  o f curren t to voltage 
in a lternating  cu rren t system s, while keeping pow er substan tially  constant. A transform er 
o ften  consists o f two coils w ound on the same iron core. See Funk & Waenalls Standard 
College D ictionary . (1968) ed., s.v. "transform er."

3Sw itchgear is "the aggregate o f sw itching facilities fo r a pow er station or [for] a 
transform ing  station." See W ebster’s T hird  New In ternational D ictionary (1966) ed., s.v. 
"switchgear."

4F. M. Scherer.(1980). Industrial M arket S tructure and Econom ic Perform ance. 2 ed. 
Chicago: R and M cNally College Publishing Com pany, pp. 170-71.
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d iffe red  by location among the firm s, the bids o ther than  the low b id  w ere still identical. 

M oreover, any claim  of purely  coincidental pricing w ould not be convincing since the 

exam ples earlier cited  were not isolated cases.1 H ow ever, it w ould  be a m istake o f course for 

this study  to leap from  reasonable grounds fo r levelling accusations o f collusive behavior to 

a prem ature conclusion tha t the accusations and subsequent convictions in  the courts will hold 

under econom etric scrutiny.

In addressing this issue, Iw ata (1974) goes as fa r  as to call fo r  em pirical determ ination 

o f w hether "incidental" cooperation exists in a given oligopolistic industry  before  any attem pt 

is made to determ ine collusive behavior. Iwata also claim s tha t researchers can never be 

reasonably sure that a given con jec tu ra l variations (CV) value really  reflects the degree of 

collusion reported .

Perhaps, a solution to Iw ata’s concerns lies in  the need fo r a redefin ition  o f the 

econom ic m eaning o f collusion so tha t the term  covers all s ign ifican t oligopolistic cooperation, 

incidental or w illfu l, tacit or overt.2 Then leave it to the courts to judge w hether the conduct 

com plained o f is w illful. U ntil such a convention exists, I.O. econom ics would be well served, 

in this au tho r’s view , by those w ho, a fte r  carefu l p reparation  and analysis, let the results speak 

fo r them selves while keeping in m ind tha t more than  an econom etric  m easure is required  to 

establish the presence o f collusion in  an industry.

There is indeed a missing link. In regard to EM I, the m issing link is being forged by 

the presentation in this Section o f unbiased theoretical, legal and historical facts affecting  this 

industry ’s case over the period 1956-62. For exam ple, one such theoretical fac t comes from

1Fuller, op. cit., pp. 9-10.

2Note that The D ictionary o f M odern Econom ics (1981) defines collusion as follows: 
"A greem ent betw een firm s to co-opera te  [sic] in o rder to avoid m utually  dam aging rivalry. 
The means o f achieving such cooperation range from  in form al o r tacit agreem ent, arising 
from  the pooling o f in fo rm ation  fo r instance, to form al arrangem ents w ithin cartel 
organizations where sanctions are im posed on defectors." s.v. "Collusion."



K rishna et al. (1989) who argue th a t the ab ility  o f firm s in an industry  to m ain tain  PCMs is 

a clue to the likely presence o f collusion in tha t industry.

But even stronger than this clue is the fac t that it soon becam e public know ledge, as 

Fuller states, that the executives o f  G E  and Wh were among 45 leading executives o f EM I who 

adm itted  holding su rrep titious1 m eetings to allocate awards o f  contracts a t fixed  prices, (p. 

13). Even so, adm ission o f guilt should  be nothing m ore to an  I.O. analyst than  part o f the 

missing link. For adm ission o f gu ilt does not constitute an em pirical find ing  o f  collusion in 

EM I. The executives who pleaded guilty  could have done so as loyal com pany m en to protect 

the trade secrets o f the firm s involved. It is know n that some executives as defendan ts find  

it m ore expedient to plead guilty or to en te r nolo contendere pleas than  to have the affa irs of 

the firm s exposed to rivals, and to the public from  whom they seek goodwill. When the usual 

absence o f scientific  ob jectiv ity  in  a typical courtroom  is also taken in to  account, then it 

becomes clear why an econom etric  study o f EM I’s pricing behavior is both im portan t and 

needed to com plete the au then tic ity  o f the record .2

As Fu ller’s story continues to unfo ld , one learns that th ree indictm ents o f  firm s and 

executives o f EM I were handed dow n in Philadelphia on February  16, 1960. The indictm ents 

involved pow er sw itchgear assem blies, oil and air c ircu it breakers and low voltage power 

c ircu it b reakers.3 (p. 61). The firm s firs t indicted  included G E, Wh, A -C , I -T -E 4 and 

Federal Pacific which were accused o f price fix ing  and o f restric ting  the force o f com petition 

as from  1956. As Fuller observes, the Big Two were far from  being unaccustom ed to

1The GE and Wh executives had even gone to the extent o f using code names to identify  
themselves.

in c id e n ta lly , it is rem arkable how often  econom ic conclusions have been at variance with 
decisions o f the Courts.

3C ircu it breakers are switches or relays fo r in terrup ting  "a c ircu it under specified or 
abnorm al conditions of cu rren t flow." See Funk & W agnalls. op. cit., s.v. "circuit breaker."

4A -C , considered No.3 in the industry  at that tim e, was m uch sm aller than G E  or Wh. I- 
T -E  specialized in m anufacturing c ircu it breakers.



defend ing  them selves against an titru st actions. For exam ple, over the period 1910-58, Wh had 

been involved in 17 and G E in  "a barrage" o f  an titru st actions, (pp. 195, 201).

This probably explains w hy, even during  the period o f the Philadelphia crim inal 

sessions, EM I firm s continued to hold illegal clandestine m eetings in the in terest o f 

m ain tain ing  or perhaps enhancing m arket pow er and perform ance. The questions tha t still 

arise are: W hat is it that could have im pelled the firm s’ executives to persist in holding p rice- 

fix ing  m eetings even in the face o f possible im prisonm ent? Why d id  the executives not 

abandon group m eetings knowing tha t law enforcem ent agencies had becom e aw are of the 

practice?

Perhaps, the answers lie in the theory  o f channels of com m unication w hich may be 

q uan tified  by:

COC > N(N - l ) / 2  (1.1.1)

w here COC means channels o f com m unication and N is the num ber o f firm  representatives

involved in  the p rice-fix ing  schemes. If  the dom inant duopoly, G E  and Wh, had ignored all

o ther firm s in the industry and each had been represented by only one person, then  only one

channel o f com m unication would have been necessary. There would have been no need for

m eetings in  hotels to bring about a m eeting o f the m inds.

But, 29 firm s often m et.1 From  (1.1.1), the firm s would have needed at least 406 

channels o f  com m unication2 in the absence o f ho te l-type  m eetings or o f some equally 

e ffec tive  schem e. This au thor therefore  concludes that, given the strength  o f the p ro fit 

m otive in U.S. m arkets, especially in tigh t oligopoly, then  F u ller’s story o f  the great U.S.

1Fuller, op. cit., p. 17. The 29 firm s involved so dom inated production o f the goods 
m entioned in the indictm ents that these firm s could have ignored the fringe w ith im punity. 
Indeed, fo r the heavy m achinery and m ost highly priced  goods, G E and Wh probably  could 
have ignored all o ther firm s, bu t the Big Two chose not to do so.

2Plugging 29 into (1.1.1) yields 406. When, as Scherer (1980) points out, "products are 
heterogeneously d ifferen tia ted , [as is the case w ith EM I goods], the term s o f  rivalry  become 
m ultidim ensional, and the coordination problem  grows in com plexity by leaps and bounds."
(p. 200).
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pricing conspiracy defined  a scenario yet in its course. G roup  m eetings had become the way 

o f e ffic ien tly  charting the course o f  business perform ance.

One year a fte r the Philadelphia firs t ind ictm ents, seven executives nam ed in the 

indictm ents began serving prison term s in M ontgom ery C ounty  ja il, A labam a, while many 

EM I firm s pleaded guilty  to the crim inal offense o f violating the Sherm an A ntitru st Act,

1890.1 The undisputed leaders o f the industry  and o f the "G reat E lectrical Conspiracy", GE 

and Wh, w ere, to Fuller, "the two biggest giants in the business—a cartel [which] flatly 

prevented  any com petition  and saw to it th a t the public  su ffe red  while the cartel profited." 

(P. 18).

Section 1 o f the Sherm an A ct dealt w ith price fix ing  w hich is o f  special in terest here. 

The A ct also dealt w ith m onopolization.2 R egarding price fix ing , the Courts applied  the rule 

o f reason to cases dealing w ith  economies o f scale. Since the T ren ton  Potteries et al. case 

(1927), price fix ing  had been deem ed per se illegal prov ided  tha t there  existed a contract or 

a conspiracy and evidence o f content. But some econom ists are concerned that the Courts 

have not properly  d istinguished betw een conscious parallelism  and w illful schemes o f price 

fixing. The dictum  regarding m onopolization was that m onopolization and not m onopoly was 

an offense .3

Section 1 also prohib ited  contracts, com binations, and conspiracies in restra in t of 

trade. Violators were sub jec t to im prisonm ent or fines or both. Section 2 deem ed as illegal 

"m onopolization, attem pts to monopolize, and com binations or conspiracies to monopolize" 

in terstate  or in ternational com m erce.4

1Nam ed fo r its sponsor, Senator John Sherm an o f O hio, the Sherm an A ntitru st Bill was 
signed into law by President Benjam in H arrison on Ju ly  2, 1890, giving the U.S. its first 
an titru st law. The A ct was how ever scarcely reflective o f  the original form  of Sherm an’s bill.

2The C ourts had applied  the per se rule to assert tha t m ere size was not an offense.

3Scherer (1980), op. cit., p. 528.

4Ib id„  p. 494.



As Scherer (1980) describes it, EM I’s "massive conspiracy" w arranted 2,333 or over 

o n e-th ird  o f the 6,500 trip le dam age an titrust suits o f  the 1960s.(p.503). G E  failed in 1961 

by ju st 1.38 percentage points to qualify  as the dom inant p roducer o f c ircu it breakers and by 

1.28, 9.30 and 0.83 in 1959, 1961 and 1962, respectively, in regard to sw itchgear apparatus, 

if  Scherer’s (1980) low er bound o f  fo u r-firm  concentration  ratio  (C4) equals 40 is adopted 

as the individual firm ’s c rite rio n .1 But G E was dom inant in o ther goods. When the sentences 

were handed dow n in 1961, only three U.S. industrial corporations were larger than G E .2 

Im portant m erger activ ity  in EM I, which ended as the n ineteen th  cen tury  cam e to a close, had 

resulted in G E ’s leadership o f  EM I and in the dom inance o f  G E and Wh com bined in the 

industry. No o ther EM I firm  could  m ount even a token challenge to the size o f  the Big*Two.3 

In the m ajor m arkets o f EM I, the Big Two had appeared to have achieved oligopoly power. 

Scherer (1980) suggests tha t a fa ir  assum ption would be that an industry  achieves incipient 

oligopoly pow er if  tha t industry ’s C4 ratio exceeds 40 percent. Indeed, EM I’s C 2 ratio 

exceeded 40 percent. Scherer fu rth e r  suggests that the Big Tw o belonged to "something in 

excess o f  ha lf o f all A m erican m anufacturing industry  [which] can be categorized as 

oligopolistic." (p. 67).

1Scherer (1980), op. cit., p. 117.

2Fuller, op. cit., p. 189.

3Igor M. Tom ic.(1985). "E lectrical Equipm ent Purchasing Patterns o f U tilities and 
Com m ercial Com panies as A ffec ted  by Collusion Am ong E quipm ent M anufacturers: An 
Aspect o f  R ate-B ase Padding by E lectrical Utilities." D issertation Paper: C ity U niversity  of 
New York, p. 46.
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For exam ple, in 1959, steam  tu rb ines1 generated  over 80% o f U.S. e lectricity . The 

C4 ratio2 o f the m anufacturers o f these turbines was 75, th ree  o f  the firm s being G E , Wh and 

A -C . W ith regard to cu rren t carrie r equipm ent w hich involved sealed bids, G E and Wh were 

the only m anufacturers in 1959. In the m arket fo r large tu rbogenera to rs, G E , Wh and A -C  

were the only m anufacturers, thus having a C 3 ratio  o f 100%.3 G E  em erged as the dom inant 

price leader in book prices fo r tu rbogenerators as well as the covert collusive price leader o f 

the Big Tw o.4

I.O. econom ists som etim es use the rate o f re tu rn  (R O R ) to determ ine firm  dom inance. 

This is not necessary here since, by consensus, it is clear tha t G E  was the leading firm  o f EM I 

over the period 1956-62 and that the Big Two was a dom inant duopoly  o f EM I.5 The 

expectation is that it will be determ ined  that the collusive posture o f G E  and Wh, w ith GE 

as the dom inant firm , led to h igher prices in EM I. This is because, in  general, prices and thus 

p rofits , ceteris paribus, are expected to rise in  concentration. But, as Scherer (1980) explains, 

this should not be in terp reted  as a causal relationship  betw een concen tra tion  and p rofits since 

both concentration  and p rofits are functions o f innovative and m anagerial e ffic iency , (p. 288).

1Steam turbines are "hydraulic m otors consisting o f one or m ore ro tary  units, m ounted on 
a shaft and provided w ith a series o f curved vanes actuated by the im pulse o f steam...." See 
Funk  and W agnalls. op. cit., s.v. "turbine."

2F our d ig it SIC values o ften  undervalue concentration  ratios because fo u r-d ig it  industries 
are usually too broadly defined . T hus, i f  w arran ted , some sub jec tive  judgm en t should be used 
in ad justing  fo r concom itant biases. Fortunately , this problem  does not arise in  this study 
since the chosen categories are suitably  defined . See Scherer (1980), op. cit., p. 275.

3Fuller, op. cit., pp. 40, 22.

4Scherer (1980), op. cit., pp. 176-77.

5The rate o f re tu rn  (RO R ) m ay be defined  as RO R  = a0+a1sl+a2C4+a3(A /S)+a4V where s, is 
m arket share, C4 the fo u r-firm  concentration  ratio , A /S  the advertising /sales ratio , V the 
value o f assets, a3 m easures the height o f en try  barriers and a4 corrects fo r capital intensity. 
Sim ultaneity  exists with s, and C 4 correlated , bu t RO R  is regarded as a good m easure in 
in tra industry  research. It m ay also be defined  as qT = l / ( e s -  es Le,) w here qT is T obin’s q, 
es=A C /M C  is elasticity o f the cost function , and Le, is firm  i’s L erner index.
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In fac t, h igher prices d id  follow  G E ’s rise to dom inance in EM I. In Septem ber 1959, 

representatives o f the Senate A n titru st and M onopoly Subcom m ittee learned from  the D irector 

o f the Division o f M aterials fo r TVA that TV A  had sought foreign  quotations on large pow er 

transform ers because dom estic prices had been too high. TV A  had concluded th a t dom estic 

prices had risen more rapidly than  had been ju stified  by increases in the cost o f labor and 

m aterials.1 In the case o f tu rb ine  generators, evidence before the C ourts sta ted  that the 

collusive behavior in EMI had led to a 21% increase in prices.2

It should be noted, how ever, that some I.O. econom ists are skeptical o f any attem pt 

to link higher prices to collusive behavior w ithout the benefit o f sound em pirical evidence. 

For exam ple, G reer (1980) contends tha t the goal o f collusion is "frequently" the a tta inm ent 

o f "price stabilization" and not the m aintenance o f excessive adm inistered  prices. 

F u rtherm ore, G reer suggests th a t the incidence o f collusive activ ity  apparen tly  varies 

ind irectly  w ith the business cycle, bu t adm its that this relationship  is weak. (p. 283).

The question o f h igher prices in EM I will be fu rth e r  discussed in Section 2.3. But, 

as far as pricing pow er is concerned, both G E  and Wh as a duopoly had set the tone for EMI.

To argue that GE and Wh exercised pow er over price in EM I is tan tam ount to 

m aintaining that the Big Two had erec ted  sign ifican t en try  barriers to preclude en try  into the 

m arket-pow er sector from  the ranks o f the com petitive fringe. Supporting this view , Scherer 

(1980) argues that the existence o f  m onopoly or o f oligopoly essentially depends upon 

effec tive  barriers to entry. O therw ise, m onopolists or oligopolists would be powerless over 

the determ ination  o f prices, (p. 11).

Some idea o f the existence o f  en try  barriers in EM I may be confirm ed by observing 

selected concentration ratios fo r EM I in Table 1.1.1 w hich presents statistics fo r the com bined 

years o f 1958 and 1963. Notice, fo r exam ple, that C50 ratios o f 80% or m ore are experienced

1Fuller, op. cit., p. 43.

2G reer, op. cit., p. 305.
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T a b l e  1 . 1 . 1 .  El ec tr i ca l  M a c h i n e r y  In d u s t ry  
F r e q u e n c y  D i s t r ib ut i on  of  C 4, C 8, C ^ ,  a n d  Cgg R a t io s  

E M I  Produc t s :  1958  and  1963  C o m b i n e d

Value of Frequency
tration Ratios (%) Qa Ca c20 c

100 0 0 7 17
90 - 99 5 16 18 19
80 - 89 8 3 7 8
70 - 79 5 8 6 0
60 - 69 7 6 6 0
50 - 59 6 6 0 2
40 - 49 6 4 0 1
30 - 39 4 1 3 0
10 - 29 .6 _3 _0 _0

Total 47 47 47 47

SIC Categories: 3612 - 13; 3621 - 24; 3629; 3631 - 36; 3639; 3641 - 44; 3651 - 52; 
3661 - 62; 3671 - 74; 3679; 3691 - 94; 3699.

Source: Adapted from  U.S. Bureau of the Census (1963), Table 2.

Note: Table 1.1.1 is reflected in Chart 1.1.1 below.

Chart 1.1.1. EMI 
Frequency Distribution

2 0  -t

10-29 3 0 -3 9  4 0 -4 9  50-59  ■:; -69 70-79 8 0 -8 9  9 0 -9 9  100

■  C 4  M e  8 Z U  C 20 iHH C 50

EMI p ro du c t s :  1958 a nd  1963 c o m p m e d
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in EM I fo r 94% o f the 47 occurrences. Also, 100% concen tration  values occur as m any as 17 

times at the C 50 level and seven tim es a t the C 20 level. For concen tra tion  values o f 40% or 

m ore,1 the C4 frequency  is 37 w hich is 79% of the 47 occurrences. But, as Scherer (1980) 

points out, it should be kept in  m inds that concentration  ratios m ay overestim ate or 

underestim ate the actual level o f m onopoly power. On the one hand, overestim ates occur 

when nonsubstitutes are included in  m arket defin itions, w hen m arkets are not national, when 

product heterogeneity  plays an im portan t role, or when a f irm ’s unique characteristics are 

im portant ingredients o f that f irm ’s success. On the o ther hand , underestim ates occur when 

industry  defin itions exclude substitu tes or when com petition  from  im ports is im portant.

EM I, as represented by G E  and Wh, falls into none o f Scherer’s categories. There is 

no concern by this au thor that the concentration ratios convey a d isto rted  p ictu re  o f EMI. In 

any case, only "some idea" o f or a clue to the existence o f en try  barriers in EM I is being 

presented at this point. Also, the high concentration ratios alone do not constitu te  evidence 

o f collusive behavior in EM I.2 But these ratios certain ly  sound the alarm .

Regarding m arket pow er, P orter’s (1980) conditions fo r a "supplier group" to be 

pow erful in an industry  include the following: (1) A few  firm s are dom inan t and more 

concentrated  than the buyers; (2) the group’s products do not face substitu tes from  outside the 

industry; (3) the group’s products are im portant inputs to the industry ’s buyers; (4) the group’s 

products are d iffe ren tia ted . These conditions apply to EM I products listed in Table 1.1.2. 

The products include expensive m achinery such as tu rb ine  generators, industria l controls, 

pow er transform ers, pow er sw itchgear assemblies and sw itching equ ipm ent, and d istribution 

transform ers. It is from  this short list in Table 1.1.3 that representative goods fo r econom etric

1Scherer (1980), op. cit., p. 117. Scherer’s defin ition  o f a national oligopoly as an industry 
having C4 > 40 is adopted here. In term s o f EM I, a list o f  goods requiring  such structures is 
given in  Table 1.1.2 which follows.

2A. K . D asgupta and J. E. Stiglitz.( 1980). "Industrial S tructure and the N ature of 
Innovative Activity." The Econom ic Journal 90: 266-93.
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Table 1 .1 .2 . Electrical Machinery Industry 
Goods Requiring O ligopolistic National 

Industry Structures: 1958, 1963 
(C4 > 40)

SIC C 1 Ratios 1%)
Code Goods 1958 1963

3612’ Transform ers 71 68
3613' Switchgear & sw itchboards a 51
3621’ M otor generators 47 50
3622' Industrial controls a 56
3624' Carbon and graphite products 87 83
3623 Electric welding apparatus b 41
3631 Household cooking equ ipm ent a 51
3632 Household refrigerato rs a 74
3633 Household laundry  equ ipm ent 71 78
3634 Electrical housewares & fans a 41
3635 Household vacuum  cleaners a 81
3639 Household appliances a 41
3641 Electric lamps 92 92
3651 Radio & TV receiving sets a 41
3652 Phonograph records 76 69
3661 Telephone; telegraph apparatus 92 92
3671 Electron tubes, receiving type a 87
3672 Cathode ray p icture tubes a 91
3673 Electron tubes, transm itting a 52
3674 Sem iconductors a 46
3691 Storage batteries 64 59
3692 Prim ary batteries, d ry  and wet 84 89
3693 X -ray  apparatus and tubes 63 67
3694 Engine electrical equ ipm ent 66 69

Source: A dapted from  U.S. B ureau o f the Census (1963) data, Table 2.

Note: a = value not given; b = given value < 40%; * m eans goods p rom inent in the 
conspiracy cases. Also, see Scherer (1980), op. cit., pp. 117, 170-76.
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Table 1.1.3. Annual Sales and Market Share (%) for 
Selected Products of (a ) Indicted Firms and (b) Conspirators o f EMI

(1) (2) (3) (4) (5) (6)
SIC A nnual N um ber N um ber M kt. Share
(1963) (1959) o f Firm s of o f

Product Code Sales ($m) Indicted C onspirators (a) (b)

T urb ine  generators 3621 $400 3 6 95 100
Industria l controls 3622 262 9 9 75 75
Pow er transform ers 3612 210 6 6 100 100
Pow er sw itchgear assemblies 3613 125 5 8 100 100
Pow er sw itching equipm ent 3613 35 8 15 90 95
D istribu tion  transform ers 3612 220 8 8 96 96

Source: A dapted from  Douglas F. G reer.(1980). Industria l O rganization and Public 
Policy. New York: M acm illan Publishing Col, Inc., Table 12-3, p. 303.
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analysis will be chosen fo r this study.

In late 1958, the apparent m arket pow er o f  the Big Two was reflected  in the 

agreem ent reached  by these firm s w ith A -C  and I -T - E  to share E M I’s $125 m illio n -a -y ear 

pow er sw itchgear assem bly m arket. The C 4 and C 2 ratios o f 100% and 80%, respectively, were 

as follows:

F irm C„ (%) C2 (%)

G E 42.0
Wh 38.0 80.0
A -C 11.0
I -T -E 9.0

100.0 io!o

The Big Tw o’s m arket share fo r this good is fou r tim es tha t o f A -C  and I -T -E  co m b in ed --an  

effective duopoly  at least in pow er sw itchgear assem blies.1 T his was not an isolated case.

D iscussions involving m arket power usually raise questions abou t price d iscrim ination. 

This is because classical theory lim its the ab ility  to price  d iscrim inate  to the presence o f a 

sign ificant degree o f m onopoly power. The g rea ter the degree o f  m onopoly pow er, the 

greater will be the ability  to price d iscrim inate ,2 given the o ther necessary conditions fo r 

effective p rice  d iscrim ination. Oligopoly is generally  excluded, how ever, because m arket 

segm entation is an essential elem ent o f successful price d iscrim ination  and oligopolists 

generally fin d  it inappropriate  to segm ent the m arkets into groups o f custom ers.3

H ow ever, some m odern theorists and em piricists question this exclusion o f oligopoly. 

For exam ple, Slade (1986) identifies product d iffe rences as the basis o f m arket segm entation 

in the V ancouver, British Colum bia retail-gaso line m arket, a d iffe ren tia ted  oligopoly. In this 

study, an a ttem p t will be m ade to determ ine w hether G E  and Wh as a duopoly had a tendency

1Fuller, op. cit., pp. 34, 64.

2Tim othy Bresnahan.(1989). "Em pirical Studies o f Industries w ith  m arket Power." 
Forthcom ing in  H andbook o f Industrial O rganization by R. Schm alensee and R. Willig, eds.

3M ichael W aterson.(1984). Econom ic T heory o f the Industry . Cam bridge: Cam bridge 
U niversity  Press, p. 47.
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over the period under review  to price d iscrim inate betw een la rg e -o rd er and sm all-order 

custom ers.

So, given the assum ption here tha t d iffe ren tia ted  oligopolies can and do price 

d iscrim inate , then collusive behavior, w hich confers m arket pow er on cartels, becomes 

essential to the price d iscrim inator. But this does not m ean tha t a desire to price discrim inate 

necessarily plays a m ajor role in the form ation  of collusive behavior am ong oligopolists. The 

converse is fa r  more plausible. In fac t, oligopolists, taking a long-term  view  o f industry, 

usually becom e concerned that noncooperative behavior and en try  m ight reduce m arket price 

to the level o f m arginal costs and even to lower levels during  periods o f price wars. Stigler 

(1964) argues that such long-te rm  views are ingredients o f the glue that keeps collusive 

agreem ents from  falling apart.

Nevertheless, problem s o f collusion stability  do arise. The expectation fo r the Big 

Two is that, w ith G E the price leader, the price conjectural variations (PCVs) to be estim ated 

in Section 3.2 will reflec t periods o f successful collusion and o f sign ifican t com petitive 

behavior over the period under review .

O ver tim e, G E ’s relative size significantly  varied. For exam ple, G E was the sixteenth 

largest o f  all U.S. corporations in 1909, the fou rth  largest in 1961 and the tenth  largest in 

1977. No o ther EM I firm  qualified  fo r the short lists o f large relative size.1 A lthough G E ’s 

leadership o f EMI over the years rem ains undisputed, yet opinions o f the type of leadership 

G E exerted  are not unanim ous. For exam ple, G reer (1980) argues tha t G E  was a barom etric2 

ra ther than  a dom inant leader in transactions prices. F igure 1.1.2 shows G E ’s transaction 

prices (panel (a)) relative to average industry  transaction prices (panel (b)). G E ’s prices 

slightly exceed rival prices during  recessions and periods o f falling prices, and conversely

1Scherer (1980), op. cit., p. 55; Fuller, op. cit., p. 189.

2A barom etric leader is defined  by G reer as nothing m ore than  "the firs t firm  to announce 
form al price revisions in list or book prices to reflect prevailing, realized or transactions 
prices." p. 275.
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Figure 1.1.2. T ransaction prices o f  tu rb ine  generators.

(a) G E ’s price as a ratio o f  A verage EM I p rice , 1958-63.
(b) Index o f Average EM I p rice , 1958-63.
Trends: (1) G E P < EM IP, 1958; (2) G E P > EM IP, 1958-59; 

(3) G E P < EM IP, 1959; (4) G E P > EM IP, 1959-62; 
(5) G E P = EM IP, 1962-63; w here P means price.

Source: A dapted from  R alph G .M .S u ltan .(  1974). Pricing in the E lectrical O ligopoly. V ol.l. 
Cam bridge, Mass.: H arvard  U niversity  Press, p. 282.
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during  booms and periods o f rising prices in  EM I. G ree r’s in te rp re ta tion  o f this pricing 

behav ior1 is that GE was m erely in ten t on m ain tain ing  a  60% m arket share and not on 

exercising dom inant price leadership, (p. 275).

O verall, G E was in one sense a leader o f M arkham ’s s tr ip e--d o m in a tin g  a tight 

oligopoly, selling close substitutes o f relatively  low dem and elasticity , having cost curves 

sim ilar to those of rival Wh’s, and insulated  w ith en try  barriers from  the com petitive  fringe .2 

Because o f G E ’s established position as the p rice  leader o f  EM I’s duopoly over the period 

1956-62, the k ink disappeared from  the duopoly’s dem and curve! For it is a m atter o f record 

that G E  expected Wh to follow all o f  its price changes, up or dow n, in all m arkets.3

Yet, in another sense, G E ’s price leadership  was not M arkham . This is so since 

e lectrical m achinery is a heterogeneous good. M arkham  (D ecem ber 1951) saw price leadership 

as a m eaningfu l concept only fo r hom ogeneous goods. But Scherer (1980) d isputes this by 

pointing our that, beginning from  the 1950s, the leaders o f  the U.S. autom obile industry  have 

clearly dem onstrated  a price leader-fo llow er behavior, (p. 180), the in ference being that 

autom obiles are heterogeneous goods.

It is therefore im portan t to note that a clear understanding  o f an industry ’s conduct 

critically  depends upon a clear understanding  o f  tha t in d u stry ’s struc tu re  and o f  the social and 

econom ic clim ate in which the industry  exists. G E  was created  in  1892 by the Thom son- 

Houston and Edison G eneral E lectric  m erger w hich form ed "a virtual duopoly (w ith

1G reer’s defin itions o f two o ther types o f leadership roles are: (1) dom inant firm
leadership (e.g., IBM) where the dom inant firm  controls "50 -  95% o f the m arket" while o ther 
firm s "will sim ply, if  sheepishly" follow; (2) collusive price leadership (e.g., C 4 in  alum inum ) 
w here the leader controls "20 -30% o f the m arket." (pp. 272-73). Notice that G reer’s lower 
bound o f 50% for dom inant price leadership  is 10 percentage points higher than Scherer’s 
(1980) low er bound.

2Jesse W. M arkham .(D ecem ber 1951). "The N ature  and S ignificance of Price Leadership."
A m erican Econom ic Review  41: 891-905.

3Scherer (1980), op. cit., p. 184.
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W estinghouse) in m any lines o f electrical equipm ent m anufactu ring ."1 The creators o f GE 

were really pursuing m onopoly pow er, but were fo rced  to share oligopoly pow er w ith Wh.2

G E and Wh are here treated  as classical firm s, each engaged in jo in t input 

p roduction .3 The m ajor inputs are labor (L), capital (K ) and raw  m aterials (M). It is 

reasonable to assume that the two EM I firm s faced  the sam e m arket boundaries, using sim ilar 

technology in producing electrical m achinery .4

In term s o f the 1963 in ternational com posite rankings o f "average m arket 

concentration  in m anufacturing," EM I ranked seventh am ong the 17 leading industries o f 12 

m ajor countries. For the U.S. alone, EMI ranked f if th , a ne t gain of three places since 1929.5

N otw ithstanding the A m ish, EM I is vital to the U.S. econom y. It is not only a 

sign ifican t sector o f all U.S. m anufacturing , bu t also the p roducer o f the lifeblood o f all 

industria l and  u tility  activ ity  in the econom y. The m achinery  EM I produces is a com bination 

o f shopping and specialty  goods w hich are durable , heterogeneous and m ostly h igh-priced . 

This perhaps explains why buyers requested EM I firm s to subm it sealed bids fo r supply 

contracts. A sealed -b id  system  is tantam ount to shopping before m aking a purchase.6

1Scherer (1980), op. cit., p. 121.

2Ibid., p. 129.

3A rm en A. A lchian and H arold Demsetz.(1972). "P roduction, Inform ation  Costs, and 
Econom ic Organization." A m erican Econom ic R eview : 777-95. By "joint inputs" these 
authors m ean "Team productive activ ity  [where]...a union , or jo in t use, o f inputs yields a 
larger ou tpu t than  the sum o f the products o f the separately  used inputs." (p. 794).

4Compare: R ichard  Schm alensee.(April 1987). " In te r-Industry  Studies o f S tructure and 
Perform ance." rev. version, forthcom ing H andbook, p. 23 o f draft.

5G reer, op. cit., p. 131. The 11 foreign countries are: F rance, West G erm any and Italy 
(w ith  low er w eighted concentration ratios than those fo r the U.S.); Japan , the N etherlands and
the U n ited  K ingdom  (w ith  slightly higher ratios than those fo r the U.S.); Belgium, Canada, 
Sweden, Sw itzerland and Yugoslavia (w ith ratios about 5% h igher than  those fo r the U.S.).

6Scherer (1980), op. cit., p. 5.
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Dom inance in the industry  naturally  raises questions abou t collusion w hich is an 

effective way o f  exercising m arket control, a t least in the short run . In this study , the focus 

is on price fix ing as the vehicle o f  collusive behavior. Recall th a t the Sherm an A ct considers 

any p rice-fix ing  agreem ents am ong com peting firm s per se illegal. T he A ct also deem s as per 

se illegal any firm  behavior observed as having the e ffec t o f  a  d irec t lim it on com petitive 

forces.1

To I.O. econom ists, collusive behavior includes any p ric e -f ix in g  schem es that impedes 

the forces o f com petition. Thus, this study o f collusion in EM I should  econom etrically 

determ ine w hether EM I can be show n to have engaged in collusive pricing  behavior over the 

period 1956-62. M oreover, the C ourts’ records o f identical sealed bids in EM I, however 

in trigu ing , are treated  here only as one o f the clues to and not as p ro o f o f  the existence of 

collusion in the industry. The determ ination  o f collusive pricing  in  EM I is assigned to 

Sections 3.2 and 3.3 w here econom etric estim ation and testing  w ill be done.

Put d iffe ren tly , this au tho r points w ith K rishna  et al. (1989) to the im portance o f 

developing a "flexible" fram ew ork which will not "dictate the d irec tion  o f the results." This 

is essential "since the optim al policy resulting from  one m odel can d iffe r  dram atically  from  

that o f another model." This im portan t caveat, how ever, does not proscribe the form ation of 

reasonable a priori notions about m arket struc tu re  and conduct in  EM I. In fac t, EM I is here 

assumed to be a duopoly, consisting o f G E and Wh, w hich prac ticed  collusive pricing behavior 

over the period 1956-62.2 These assum ptions have already been show n to be reasonable.

The choice o f price as the strategic variable presupposes the existence o f m arket power 

so that the duopoly’s PCMs are expected to be greater than  zero. If  m arket pow er here

1Scherer (1980), op. cit., p. 497.

2For exam ple, see: Elie A ppelbaum .(1982). "The Estim ation o f  the D egree o f Oligopoly 
Power." Journal o f Econom etrics 19: 283-94; and Fuller, op. cit.
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am ounts to collusive behavior, then  the associated problem s of collusive pricing  and m arket 

cheating arise.

Collusive pricing and m arket cheating are d ifficu lt to detect. As Fuller observes: 

"Only a m ajor break brought the details o f the electrical conspiracies to the front." (p. 218). 

The assum ption that the two firm s were sym m etric1 im plies that price coord ination  was 

facilita ted  and that m onopoly p rice  could have been chosen fo r price collusion.

Nevertheless, oligopolists and  m onopolists do not have the same options. For exam ple, 

a p rofit-m axim izing  m onopolist sim ultaneously determ ines ou tpu t and  p rice , given costs and 

dem ands. But oligopolists a ttem pting  jo in t p ro fit m axim ization find  it  alm ost im possible to 

exercise that option in the absence o f overt or covert collusion. Even then , oligopolists still 

find  it d iff icu lt to achieve jo in t de term ination  o f ou tpu t and price. The popular alternative, 

according to Scherer (1980), is w here oligopolistic colluders use price as the m ain collusive 

strategy while relegating ou tpu t determ ination  to the level o f dem and evoked by the chosen 

pricing policy. M eanw hile, the colluders agree to refra in  from  any ou tpu t decisions fo r fear 

that such decisions would destabilize equilibrium  price. The chosen policy m ight be in the 

form  o f overt collusion, price leadersh ip , rough bu t practical price estim ates, or "focal 

points."2 O utput policies are abandoned if  PCMs are greater than  zero, and are not 

reactivated  unless price falls to the level o f m arginal cost. This is because ou tpu t policies, 

given PCMs greater than zero, w ould destabilize the jo in tly -fix e d  p rice .3

1The concept of sym m etry here m eans that G E  and Wh expand along parallel m arginal- 
cost paths. See A ppelbaum  (1982), op. cit.

in tro d u c e d  by Schelling (1960), a focal-po in ts theory o f pricing is where established
industry -w ide  round num bers or sim ple rules are used fo r price reductions by firm s. The idea 
behind this system is that the use o f  focal points by a given firm  signals that tha t firm  is not 
engaging in the undesirable practice  o f price shaving. A focal point is such that there is no 
tendency fo r change once it has been reached. The concept is sim ilar to that o f a unique 
equilibrium  since it would be natu ral fo r firm s to resist any fu rth e r a ttem pt to change price. 
See Scherer (1980), op. cit., pp. 190-93.

3Scherer (1980), op. cit., p. 193.
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Thus, the expectation here is that m easures o f collusion theoretically  developed in 

Sections 2.2 and 2.3, and estim ated in Section 3.2, will no t reflec t p erfec t price collusion since 

there is no basis fo r assuming that GE and Wh could have atta ined  the m arket posture o f a 

pure m onopolist. Three reasons fo r this im m ediately come to m ind, and will be discussed in 

tu rn . As T irole (1989) points out, one reason is that violations o f collusive agreem ents are 

possible and violators always have an opportunity  to renegotiate. This weakens threats o f 

punishm ent, increases the incentive to undercu t the collusive price and increases collusive 

instability , (p. 253).

A second reason is that, at m onopoly price, firm s would have strong incentives 

secretly  to shade prices in an a ttem pt to increase individual profits. Thus, the nearer to 

m onopoly price the collusive price is, the greater is the expectation that collusive price 

agreem ents will collapse. So collusive groups o ften  face problem s of: (1) a tta in ing  the 

equilibrium  that would yield m onopoly profits; (2) sharing the gains from  collusion; (3) 

an tic ipating  and detecting violations; and (4) m aintaining or increasing the g roup’s m arket 

share .1

Stigler (1964) finds that price cutting  w ith in  a collusive group becomes m ore likely 

as: (1) the num ber of new buyers and the num ber o f new  sellers increase; (2) the p robability  

of repeat purchasing falls; and (3) the pool o f all buyers in the m arket becomes sm aller. These 

conditions m ake it more probable fo r a cheater to gain at the expense o f o ther firm s. One 

such episode fo r EM I was the "white sale" or the EM I price war o f 1955 when the industry ’s 

prices fo r heavy electrical equipm ent fell as m uch as 60% o ff  book value.2

Tirole (1989) believes that, in oligopoly m arkets, price wars are inevitable once o ther 

firm s know  that at least one firm  has previously cu t prices. What Tirole refers to as a

1D. K . Osborne.(1976). "Cartel Problems." A m erican Econom ic Review  66: 835-44.

2Fuller, op. cit., p. 52. Incidentally , G E perform ed well despite the sharp  decline in 
prices.
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‘bootstrap’ e ffec t occurs in the m arket and gathers m om entum  as tim e passes. This m ost likely 

explains A -C ’s initiative in cu tting  prices in  the steam  tu rb ine  generators m arket during  EM I’s 

recession o f 1960-61. A -C ’s p rice -cu ttin g  in itia tive  follow ed a substan tial drop in capacity  

use o f steam  tu rb ine  generators. Prices plunged to alm ost ru inous lows. Strangely enough, 

this plunge was led, not by G E or by Wh, but by A -C , a  rela tively  small firm  being follow ed 

by the two "giants."1

It is also reasonable to conclude that, in the absence o f p rice  cooperation, sellers have 

an incentive to cheat i f  dem and elasticities are sign ifican tly  g reater than one. Thus dem and 

elasticities a t the firm  level along w ith PCM changes should  be scru tin ized  fo r evidence of 

cheating. D em and elasticities su ffic ien tly  greater than  one accom panied by rising profits 

would indicate that cheating m ay have occurred.

Stigler (1964) provides a m odel fo r detecting cheating , bu t some critics find  it open 

to Type II e rro rs.2 How ever, W aterson (1984) believes tha t "the basic factors Stigler found 

relevant reta in  their im portance...." But m erely detecting cheating will not do. It is im portan t 

that the gains from  cheating be w iped out i f  cheating is to be discouraged. With quan tity  as 

the strategic variable, a reversion from  collusive to C ournot behavior is one means o f wiping 

out gains from  cheating. The parallel w ith price as the stra teg ic  variable (the case here) is a 

reversion from  collusive to B ertrand behavior.3

The th ird  reason why perfec t collusion seems unatta inab le  in EMI is that, at a 

collusive m onopoly price, ind iv idual producers will also have an incentive to increase output.

M ultan, op. cit., pp. 151, 211. Also re tu rn  to F igure 1.1.1 and notice w hat occurs when 
there is a large enough drop in  the level of capacity.

2That is, open to the acceptance o f false hypotheses tha t cheating actually occurred.

3R obert H. Porter.(1983). "A Study o f C artel Stability: The Jo in t Executive Com m ittee, 
1880-1886." The Bell Journal o f Econom ics 14, 2: 301-14; G . J. Stigler.(1964). "A Theory o f 
Oligopoly." Journal of Political Econom y 72: 44-61.
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This could result in ou tpu t levels beyond the level a t w hich the fixed  price could be 

sustained.1

O verall, the expectation  is that collusive behavior betw een G E  and Wh will be 

em pirically  supported. But, these expectations are tem pered  w ith  caution. In the words of 

Scherer (1980):

...it would be m isleading to conclude that we cannot develop theories 
pred icting  oligopolistic conduct and perform ance w ith  to lerable precision.... We 
m ust not expect too m uch, however. The most tha t can be hoped fo r is a kind 
o f soft determ ination: predictions correct on average, bu t sub jec t to
occasionally substantial errors, (p. 152).

Since the m achinery involved in EM I changed slowly over tim e and generally faced 

stable m arket dem and, then , as Scherer (1980) suggests, the firm s are expected to opt for 

m axim ization o f jo in t p ro fits— the m ost likely but o f course not the only course open to the 

firm s. This is shown in the collusive model o f Section 2.1. The firm s will pursue the basic 

goal o f achieving m arket power.

M arket power m ay be defined  as the ability  to increase and to m aintain  profitab le 

PCMs. The key to success is stable collusive behavior, ceteris paribus, given the 

characteristics o f the good sold and o f econom ic conditions. For exam ple, hom ogeneous goods 

are m ore prom otive of collusion than  heterogeneous goods, and recessions are m ore conducive 

to collusive behavior than boom s.2 Oligopolists are aware o f these things as the firm s strive 

to m axim ize jo in t profits. Even so, jo in t-p ro f it  m axim ization is not a m atter o f course. For 

oligopolists encounter serious d ifficu lties  in trying to m ain tain  high p rice-cost m argins. 

D isagreem ents over the choice o f  industry  price, the degree o f acceptable product 

d iffe ren tia tion , cheating, en try  and threats o f en try , unm et fixed costs or ju st the 

idiosyncracies o f hum an natu re  lim it the oligopolists’ freedom  to m aintain  high PCM s.3

S c h e re r  (1980), op. c it., pp. 171-72.

2Ibid, p. 176.

3Ibid ., p. 266.
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Led by Bain (1951), scores o f papers, some supportive and some no t, have been 

devoted to the idea that tigh t oligopoly is expected to have positive PCMs. It would be 

in teresting  to find  out w hether the Big Tw o were able to m ain tain  p ro fitab le  PCMs over the 

en tire  period under review.

In term s of w elfare e ffec ts , the c rite ria  in this study  should and  will be the expected 

levels o f price and production in the absence o f collusive behavior. It should  be noted that 

the c rite ria  should not be based on a com petitive m odel because EM I goods are assum ed to 

be heterogeneous. Producer surplus o f G E  and Wh as a duopoly  should be high relative to the 

surplus tha t the firm s would earn as m onopolistic com petitors. But this would depend on 

w hether G E  and Wh were able to adhere to in terdependence in pricing and g ro u p -p ro fit 

policies, and on w hether governm ent policy exerted  a negative influence on the duopoly’s 

perform ance. Agreeing w ith C ham berlin  (1948) and Scherer (1980), this au tho r sees the 

w elfare question as the quan tita tive  problem : "how m uch pu rity  [a reference  to pure

com petition] to sacrifice in o rder to m axim ize social w elfare?"1

C learly , the appropriate  w elfare crite ria  cannot be the greatest possible quantities o f 

EM I goods, as would be the case under a perfectly  com petitive struc tu re . The c riterion  should 

be the satisfaction of the buyers’ wants in  EM I’s technologically m aturing m arkets. M ore and 

m ore, buyers perceive increm ents in the elem ents o f p roduct d iffe ren tia tio n  as increm ents to 

social w elfare and are willing to trade o f f  some quan tity  fo r m ore variety . The trick  is to find  

the optim al level of variety if  the social w elfare increm ents are to be m easured with 

reasonable accuracy. F u rtherm ore, as G isser (1986), W orcester (1975) and H arberger (1974) 

strongly suggest, it would be m ore appropriate  w ith in  oligopoly theory to derive the 

deadw eight loss at the firm  level by using the m ore elastic dem and curve facing G E  and Wh 

as ind iv idual firm s instead o f the less elastic duopoly dem and curve. This is a challenging 

goal fo r fu tu re  research, a goal w hich is not w ith in  the purv iew  of this study.

S c h e re r  (1980), op. cit., p. 24.
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1.2 Purpose and Summary

This paper properly belongs to the category o f  the new em pirical industrial 

organization (NEIO) since it is essentially an econom etric  study o f the electrical m achinery 

industry . The I.O. approach to studying such an  industry  trad itionally  calls fo r an exposition 

rich  in "quantitative and institu tional detail." Indeed , the I.O. analyst generally moves in the 

opposite d irec tion  to that o f the pure  m icroeconom ic theorist by trad ing  o ff  "elegance" fo r 

"explanatory pow er."1 But the NEIO  econom ist goes a step  fu rth e r  by em phasizing em pirical 

results.

So the m ajor goal here is em pirically  to determ ine w hether, at any tim e over the 

period under review , EM I resorted to collusive pricing behavior in o rder to achieve oligopoly 

m arket pow er. This goal is im portan t. For, as F riedm an  (1983) points ou t, successful 

collusion provides an opportun ity  fo r the firm s concerned  to a tta in  a point on the profits 

possibilities fro n tie r and thus to earn m ore than  C ournot noncooperative profits. 

F urtherm ore , as Slade (1986) argues, price d iscrim ination  can be expected to accom pany 

collusion as colluders try  to use p roduct d ifferences to transform  consum er surplus into 

producer surplus.

C onsequently, this au thor has chosen prices as the strategic variable o f this study with 

no expectation  that a B ertrand story o f price com petition  among the leading firm s o f the 

industry  will naturally  em erge. On the con trary , the expected  story is one about adm inistered 

prices in collusive m arkets, a story o f dom inance by the few  as social w elfare dim inishes in 

a vital industry .

The public  record has already established tha t EM I’s behavior was collusive in  the eyes 

o f the law. M oreover, EM I has been found by some analysts using quantity  as the strategic 

variable to have practiced collusion. It is expected tha t the price approach taken here will also 

fin d  collusive behavior in the industry.

1Scherer (1980), op. cit., p. 2.
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In a general sense, this study  deals w ith  one o f  the m ost sign ifican t discussions of 

N EIO  as it discusses the em pirical determ ination o f m arket struc tu re  and o f collusive behavior 

w ithin a given industry . In Section 2.1, it will be m ain tained  that the duopoly (GE and Wh) 

o f EM I produced heterogeneous goods while alm ost 10,000 small firm s form ed a com petitive 

fringe  o f the industry . The basic m odel to be presented  in  Section 2.2 will establish the basic 

conditions facing EM I as well as the m arket struc tu re , conduct and perform ance (S -C -P ) of 

that industry  over the period 1956-62. Section 2.3 will o ffe r  an a lternative analytical m ethod 

in  the form  o f a reaction function  model. C hapter 3 will be devoted to all the elem ents which 

will m ake this a NEIO study. A fte r an overview  in Section 3.1, Section 3.2 will present the 

em pirical models while it will be left to Section 3.3 to discuss the data and the results. The 

conclusion will be presented in  C hapter 4, w ith Section 4.1 being devoted to the sum m ary and 

im plications o f the study and w ith Section 4.2 m aking suggestions fo r fu tu re  study.

It is ironic that, although analysts have found  that certain  oligopoly solution 

techniques generate m ore accurate predictions that those achieved under com petitive and 

m onopolistic paradigm s, yet m atching those techniques to actual m arkets is o ften  beset by 

failure. N evertheless, I.O. econom ists are not w ithout strik ing  successes.
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2.0 Oligopoly Theory

2.1 Overview

Oligopoly theory is the A chilles heel o f s truc tu ra l econom ic theory . The consensus is 

that, despite the p ro liferation  o f  oligopolistic paradigm s in  m odern  econom ic litera tu re , a 

com plete oligopoly theory is yet to be captured  in a un ified  m odel as has been accom plished 

with the theories o f perfect com petition , m onopolistic com petition  and m onopoly.

Perhaps the incom pleteness o f oligopoly theory  lies in  Schm alensee’s (1987) 

explanation o f the relationship  betw een m arket s truc tu re  (S) and conduct (C). Schmalensee 

believes that a m arket cannot be com plete unless the relationship  C = f(S) holds.1 Oligopoly 

is the only m arket struc tu re  in  w hich this relationship does not hold. But this is un im portan t 

to F isher (1987) who finds that no "precise useful" outcom es are achieved by assum ing that 

C = f(S) o r that P = f(S), w here P m eans m arket perform ance. T he reason is tha t although 

"conscious parallelism" is logically m ore likely the few er the num ber o f firm s, yet economists 

do not know at w hat level o f concentration the "danger point" is reached.

A nyhow , holding oligopolistic principles som ew hat together is the notion of reciprocal 

dependence among firm s. This princip le has its foundation  in the key concept o f strategic 

conjectures about firm  behavior w hich finds ultim ate confirm ation  in the d istribu tion  of 

p rofits and o f m arket share.2

The literature abounds w ith a wide and o ften  com plex array  o f econom etric 

applications to these concepts. Subtle and useful perceptions have em erged over tim e bringing 

enrichm ent and a clearer understanding  of the nature of oligopoly to I.O. economics. But this

1Schmalensee is referring  to the s tru c tu re -co n d u c t-p e rfo rm an ce  (S -C -P ) theory of 
industrial organization (I.O.) economics.

2G yoichi Iw ata.(Septem ber 1974). "M easurem ent o f C onjectu ral V ariations in  Oligopoly." 
Econom etrica Vol.42, N o.5: 947-66; Frank M. Gollop and M ark J. Roberts.(1979). "Firm 
Interdependence in Oligopolistic M arkets." Journal o f E conom etrics 10: 313-31.
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field  seems to be more singularly served by those analysts who e ither assume the presence of 

oligopoly in most U.S. m arkets, o r a ttem pt to determ ine the degree o f m onopoly pow er in a 

given industry  instead o f assum ing a struc tu re  o f  perfec t com petition . This is largely because 

the benefits from  m ethodological ease en joyed  under an assum ption o f  p erfec t com petition 

in U.S. industry  studies are o ften  o ffse t by the costs o f  ob tain ing  in su ffic ien tly  accurate 

results.1

Thus, the level o f accuracy  a tta ined  in depicting oligopolistic behavior m ore so than 

any o ther m arket behavior crucially  depends upon the aptness o f the assum ptions m ade. For 

exam ple, C ournot (1927) and B ertrand (1883) make the same assum ptions about costs and 

dem and curves, but C ournot chooses quantity  while B ertrand chooses price as the strategic 

variable. The resulting equ ilib ria  are not even close.2

Against this background, the theoretical fram ew orks developed in Sections 2.2 and 2.3 

will m ainly a ttem pt to establish th a t the two m ajor firm s o f  the U.S. electrical m achinery 

industry  (EM I) functioned  as a duopoly over the period 1956-62, and engaged in collusive 

pricing behavior during those years. The two firm s, G eneral E lectric  (G E) and W estinghouse 

(Wh), together held a highly dom inan t position in EM I.

Now collusion em erges in U.S. industry  e ither as a result o f sem i-P rocrustean  m ethods 

or o f conscious parallelism . W hatever the source, this study concerns itse lf m ostly with 

reporting its own em pirical find ings fo r the period under review . D uring those years EMI 

was a tigh t oligopoly.3 For exam ple, a fte r  1958, the "Big Two", G E  and Wh, held a jo in t

1A ppelbaum  (1982), op. cit.

2Tim othy Bresnahan.(D ecem ber 1981). "Duopoly M odels w ith Consistent Conjectures." 
A m erican Econom ic Review  Vol.71, N o.5: 934-45.

3William G. Shepherd.(1979). The Econom ics of Industrial O rganization . Englewood 
C liffs, New Jersey: Prentice H all, Inc. Shepherd defines tigh t oligopoly as a "shared 
monopoly" having a fo u r-firm  concen tra tion  ratio o f at least f if ty  percen t (C4 > .5). Shepherd 
writes: "The distinctive fea tu re  is th a t the high concentration  enables the leading firm s to 
coordinate well, m uch as if  they w ere really ju st parts o f one dom inant firm ." (p. 63).
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m arket share o f sealed-b id  orders fo r c ircu it breakers and sw itchgear o f 69.9% and 74%, 

respectively. M eanw hile, EM I’s C4 ratios w ere correspondingly  95.8% and 93%. In each case, 

the C 4 ratio  fa r  exceeds Shepherd’s defin ition  o f a  tig h t oligopoly. N otice in Table 2.1.1 that

Table 2 .1 .1 . M arket S hare , S ealed -B ids O rders A fter 1958
E lectrical M achinery Industry  (EM I)

% %
Firm C ircu it Breakers Sw itchgear

G eneral E lectric 38.8 39.0
W estinghouse 31.1 69.9 35.0 74.0
A llis-Chalm ers 10.0 8.0
Federal Pacific 15.9 7.0
I -T -E 4.0 29.9 11.0 26.0

Total 99.8 100.0

Source: A dapted from  R alph  G. M. Sultan.(1974) Pricing in the E lectrical
O lieooolv. V ol.l. Cam bridge, Mass.: M IT  Press.

adding  the nex t two largest suppliers to G E  and Wh com bined  results in an  increase o f  only 

25.9 and 19 percentage points, respectively. This and o ther strong evidence confirm  that GE 

and Wh were indeed the Big Two o f EM I.1

But the road to collusion is usually fa r from  sm ooth. For exam ple, C ham berlin  (1962) 

m entions possible im pedim ents to collusion and T irole (1989) iden tifies two such factors as 

firm  asym m etries and detection lags (pp. 240-41). The problem  o f  asym m etries is not 

im portan t here since the Big Two are  assum ed to be sym m etric . But detection  lags d id  pose 

problem s fo r EM I since GE and Wh specialized in filling  big orders. For exam ple, Tirole 

predicts that big orders are likely to have deleterious effec ts on collusive stab ility  since the 

sh o rt-te rm  benefits from  undercutting  collusive price greatly  outw eigh the long -te rm  costs 

o f waging a price war. Indeed, as Tom ic (1985) observes, EM I experienced a price w ar called

1Sultan, op. cit., and Tom ic, op cit.
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the "white sale o f 1954-55" w hich was prec ip ita ted  by cheating  as dem and unexpectedly 

w eakened. H ow ever, no price w ar has been recorded  fo r  the period  under rev iew .1

To T iro le’s two factors, Porter (1983) adds en try  as an  im pedim ent to collusive 

behavior. Porter shows that en try  (and thus barriers to en try ) is im portan t w ith price as the 

strategic variable since firm s know  that the likelihood o f  industry  p rice  wars occurring rises 

w ith entry.

But en try , actual or po ten tial, is im portan t also because it  in troduces the question of 

w hether innovation has been successful as a barrier. In teresting ly  enough, innovation m ight 

have had a positive e ffec t on any collusive behavior in EM I during  1956-62 when G E and Wh 

experienced a reduction  in dom inance as the small firm s increased th e ir m arket share .2 Rose 

and Joskow (1988) have found tha t, while the speed o f adop tion  o f technological advancem ent 

rises w ith firm  size, it so happens that fo r "the very largest firm s in  the industry ..., increasing 

size reduces the probability  o f quickly try ing  the industry ’s innovations." But the Big Two 

were at the tim e experiencing decrem ents ra ther than  increm ents in size. A ny effects from  

innovation should be captured  in the econom etric m odel, Section 3.

As EM I coped with cheating during the "white sale", the Big Tw o probably could not 

even depend upon C ham berlin ian  threats o f reta lia tion .3 For, trad itionally , p rice-cu tting  has 

been d ifficu lt to detect in industries like EM I that handle big orders. N evertheless, remedies 

such as the fo rm ation  o f a trade association, resale p rice  m ain tenance, un ifo rm  m argin

1In A pril 1959, there were rum ors of a price w ar betw een G E  and  Wh in the m arket for 
tu rb ine units. H ow ever, a Philadelphia grand ju ry  was a t that tim e looking in to  collusive 
pricing in EM I. It could well be tha t the price cuts w hich  seem ed to signal a price war were 
in fac t generated  by consideration o f the legal ram ifications. This au tho r believes that 1959 
p rice -cu tting  episode was m ore likely a legal strategy than  a p rice  war.

2R alph L. N elson.(1959). M erger M ovements in A m erican Industry . 1895-1956. Princeton 
U niversity  Press.

3E. H. Cham berlin.(1962). The Theory o f M onopolistic C om petition  8 ed. Cam bridge, 
Mass.: H arvard  U niversity  Press.
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pricing, and basing-poin t pricing w ere available to the two firm s as means o f dim inishing or 

rem oving threats to their dom inan t collusive positions.

Overall, m odern theories support earlier predictions o f  collusive conduct varying with 

tim e.1 The im plications fo r this study  are that a determ ination  should be m ade as to (1) 

w hether EM I, represented by G E  and Wh, a lternated  betw een collusive and noncooperative 

episodes during 1956-62; (2) given no specific in fo rm ation  to the con trary , w hether 

innovation was indeed an in fluence in any significant collusive behavior found. These 

questions relate to changes in EM I’s s tructu re , conduct and perform ance (S -C -P ) over 1956- 

62.

Standard measures and techniques fo r identify ing  S -C -P  include con jectu ral variations 

(CVs), concentration ratios (C4), the height o f en try  barriers (BE), reaction functions, various 

elasticities, and o ther indexes o f m arket power and perform ance, especially the L erner (1934) 

and H erfindahl (1950) indexes fo r m easuring oligopoly pow er. Like Bresnahan (1981), this 

study distinguishes betw een CVs and reaction functions. CVs are defined  as the firm s’ 

conjectures about o ther firm s’ behavior while reaction functions are defined  as the "actual 

behavior" o f the firm s. As Bresnahan points out, Nash equ ilib ria  equate CVs and reaction 

functions. These measures can be estim ated and used fo r identify ing  collusive or other 

behavior.

■Conjectural Variations. The concept o f CVs, a term  coined 37 years ago by Frisch (1933), 

really owes its origin to Bowley (1924).2 But the prevalence o f  and the sophistication attached 

to its use are m odern phenom ena.

S o r te r  (1983), op. cit.; L. F. Lee and R. H. Porter.(1984). "Switching Regression Models 
w ith Im perfect Sample Separation In fo rm atio n --w ith  an A pplication on Cartel Stability." 
Econom etrica 52, 2: 391-418.

2A 1s o  see Iwata, op. cit., and J. W. Friedm an.(1983). Oligopoly T heory . New York: 
C am bridge U niversity  Press.
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CVs are generally regarded by I.O. econom ists as m irrors o f  p roducer behavioral 

strategies. CV theory will play a crucial role here as determ inants o f  and in the developm ent 

o f o ther determ inants o f collusive behavior. The theory applies uniquely  to oligopoly and 

thus to EM I. The polar structures o f m onopoly and p erfec t com petition  are so com plete that 

the question o f conjectures does not arise. In regard to m onopolistic com petition  (also a 

com plete s tructu re), the accent is on n on -p rice  com petition  and on physical uniqueness o f  the 

product, and conjectures abou t prices or quantities becom e m eaningless if  product 

d iffe ren tia tion  is com plete.1

So CV theory m atters only where the possible reactions o f firm s to quan tity  or price 

changes are likely to be considered by the firm  which in itiates the change. The conjectures 

range from  values for perfec t com petition  (the low er bound) to values fo r m onopoly (the 

upper bound). These values are benchm arks o f  CV theory. H igh values dep ic t periods o f 

successful collusion while low values reflect periods o f e ither price wars or o f o ther 

noncollusive behavior.2

But the theory is not w ithou t its detractors. For exam ple, D ix it’s (1988) criticism  is 

tha t the CV model has "shortcomings", a CV being "a sim ple and in tu itive  sum m ary m easure 

o f m arket conduct." Dixit fu rth e r  asserts that CVs do not provide a proper foundation  on 

w hich to build  oligopoly theory, bu t adm its that a "workable alternative" does not yet exist. 

M eanw hile, Eaton (1988) refers to the CV approach as "unfashionable", find ing  it unsuitable 

fo r analysis o f trade policy. But, like D ixit, Eaton still finds some good in the CV approach, 

defending  its role as an "easy com parison o f the special (m ore acceptable) cases o f  C ourno t- 

N ash, B ertrand-N ash  and perfec t collusion." (p. 166).

1K eep in m ind that it is the consum er who determ ines w hether or not any two goods are 
econom ically d ifferen tia ted , w hatever the physical characteristics o f the goods happen to be.

2Bresnahan (1989), op. cit.
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These criticism s cam e five years a fte r  F riedm an (1983) alm ost dism issed the theory 

as m eaningless. R ejecting the use o f CVs in  static m odels, F riedm an argues that: (1) the 

models should be explicitly  dynam ic; (2) discounted ra ther than  cu rre n t-p ro fits  m axim ization 

should be the f irm ’s problem  in a dynam ic fram ew ork , and this would w iden the spectrum  

o f collusive outcomes; (3) s ing le-period  fram ew orks cannot accom m odate new inform ation  

that require adjustm ents to firm  behavior over tim e.(p. 110). F riedm an fu rth e r  m aintains that 

firm s have to m ake sim ultaneous decisions and , therefo re , one price cannot rationally  be 

considered as a function  o f ano ther if  prices are  sim ultaneously m ade in one period.

N evertheless, this study accepts D ixit’s (1988) opinion tha t CV theory is the state of 

the a rt and adopts CV theory as an instrum ent fo r detecting  collusion in EM I. To this end, 

the convention is that firm  i’s con jec tu re  about the e ffec t o f ow n-p rice  changes on rival firm  

j ’s behavior is stylized as PCV,, w here PCV means price con jectu ral variation, and firm  j ’s 

opposite con jectu re  is stylized as PCVj. When notions o f constancy and consistency 

sim ultaneously arise, the term  for firm  i becomes "constant CPCV ", and sim ilarly  fo r firm  j.

In terestingly , the earlier assum ption tha t the Big Tw o are sym m etric firm s provides 

a precise correspondence betw een quan tity  conjectural variations (QCVs) and PCVs which 

involves equal equilibria. K am ien and Schw artz (1983) show this by m anipulating the first 

order conditions o f quantity  and price approaches fo r sym m etric firm s. Table 2.1.2 presents 

a sum m ary o f  this correspondence from  the individual w ork o f G ollop and R oberts (1979), 

Bresnahan (1981), A ppelbaum  (1982), K am ien and Schw artz (1983) and Liang (1988).

But this correspondence is also present in a K am ien and Schwartz equation for 

perceived product d ifferen tia tion . For a duopoly, firm  l ’s equation would be:

1-PCV., = ( l-Q C V 1)(l-p ) /( l+ Q C V 1«p) (2.1.1)

where 0 < p = (3p1/3 q 2)/(<9p1/d q 1) < 1. Also, fo r the heterogeneous case, Figure 2.1.1 is an 

adaptation o f a K am ien and Schw artz (1983) sketch o f the correspondence. The relation is 

concave and increasing so that PCV., rises in QCV-, for d iffe ren tia ted  products. Im portantly ,
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Table 2 .1 .2 . C ritica l C onjectural V aria tion  Values

Bench M arks

Behavior

Gollop & 
R oberts 

(1979)
Bresnahan

(1981)
A opelbaum

(1982)

K am ien  & 
Schw artz 

(1983)
Liang
(1988)

C om petitive QCV=Oa P C V = -lb
or

PCV<0
(s.l.t.)c

PC V =-/9,+5j

PCVJO 1 
Q C V = -1 
PCV=-1=* 
sym m etry 
PCV=0=c 
p. comp.

B ertrand QCV=-1 I 
Q \P*e

QCV=-1 PCV=0 or 
PCV=0 
(n .s.d .f.)d; 
QCV<0

Cournot QCV=0 QCV=0 QCV=1 QCV=0 ------

Collusive QCV<0 QCV=1 QCV=1 PCV>0
PCV>0
(s.g.t.)';
QCV=1

PCV=/9|+5j
W  

p c v : i |
QCV=1
PCV=1=>
sym m etry

Source: A dapted  from  papers o f  authors (see B ibliography).

Notes: (a) QCV means quan tity  conjectural variation; (b) PCV m eans price conjectural 
variation; (c) s.l.t. means significantly  less than; (d) n .s.d .f. m eans not significantly  
d iffe ren t from ; (e) * here means equilibrium ; (f) s.g.t. m eans significantly  greater than. 
L iang’s D efinitions: Cl) comDetitive nricine: O C V = -l: PCV^O | (-/?,+£,)/(-/Jj+6,) of 
am biguous sign (but see A ppendix 1.1); (2) collusive pricing => QCV=1; 
PCV|=(/?|+5j)/(/?j+<5|)‘l bu t > 0 (see A ppendix 1.2 and F igure  2.1.1).
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Heterogeneous Goods Duopoly 
(A Special Case)

PCV

QCV

Figure 2.1.1. Sketch o f  K am ien and Schwartz correspondence betw een QCV and PCV:

Point

a

b

E

c

d

Correspondence 

Q C V =PC V =-1 

QCV<0; PCV=0

constant
CQCV<0

= constant 
CPCV>0

QCV=0; PCV>0 

QCV=PCV=1

Behavior

C om petitive

B ertrand

Constant & Consistent 
a t E

C ournot 

Collusive

Source: M orton I. K am ien and Nancy L. Schwartz.(1983). "C onjectural Variations in
Oligopoly." Econom etrica Vol. 42, no. 5, p. 205.
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the sketch indicates that the two CVs need not have the same sign bu t m ay be equal in 

absolute value. A ttainm ent o f the point PCV,=QCV.,=1 would m ean tha t there is perfect 

collusion in EM I. Also notice tha t perfectly  com petitive PCV., m atches perfectly  com petitive 

QCV., in the lim it. The relevance to EM I o f this K am ien and Schw artz special case is deferred  

to Section 2.2 where it will be m ore conveniently  discussed w hen equation (2.2.12’) is 

in troduced.

a C oncentration  Ratios. These are also used by I.O. econom ists as m easures o f  inequality  and 

o f the likelihood of effective cooperation among firm s. For exam ple, Stigler (1964) 

recom m ends the use o f the H erfindah l (1950) concentration  index , H  = £ s ,2, as the proper 

m easure o f effective cooperation. F urtherm ore , a Stigler (1963) find ing  im plies tha t a direct 

relationship  exists betw een concentration  and the share o f industry  assets ow ned by large 

firm s.

C oncentration ratios have also been linked to p rice-cost m argins (PCM s) and thus to 

m arket power. Em pirical results relating to firm  conduct have o ften  been in terp re ted  as 

pred icting  that PCMs and, by in ference , m arket pow er rise in  concen tration  because 

increasing concentration changes conduct.1 But, fo r U.S. m anufactu ring  industries in the 

iong term , large increases or large decreases in concentration are generally associated with 

price (p roductiv ity) increases w hich are below (above) average.2

R egarding the use o f concentration  as a m easure o f m arket pow er in U.S. industries, 

the Big Tw o’s record is already well docum ented in previous studies thus precluding the need 

fo r fu ll repetition  here. But, as a m eans o f sharpening the focus on the period 1956-62, a few 

o f the facts should be presented. For exam ple, o f the 202 transactions involving sales of 

electrical m achinery to industrial firm s over the period 1957-63, m anufacturers G E and Wh

1See Bresnahan (1989), op. c it., who w ithholds final judgm en t un til he sees a  "careful
defense o f this in terpretation." (p. 55).

2Schm alensee (A pril 1987), op. cit.
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accounted fo r 165 o r 82% of those transactions. In regard  to the 1950 o ffic ia l lists o f four 

leading firm s as producers o f 47 d iffe ren t kinds o f electrical equipm ent, G E appeared  on the 

list 36 tim es and Wh 25 times while RCA was next w ith only 8 appearances.1

O n the whole, EM I’s fo u r-firm  concentration  ratio  (C4) was, on average, 68% for the 

two years 1958 and 1963 if  only transform ers, m otor generators, and carbon and graphite  

products are considered. Together, GE and Wh m anufactu red  75% o f these orders over the 

period 1957-63.2

D uring the period under review , there was no doubt tha t GE and Wh dom inated EM I. 

This dom ination is reflected  in the concentration ratios show n in Table 2.1.3. For exam ple, 

in 1958, EM I’s C4, C8 and coverage ratios3 fo r carbon and graphite  products were 87%, 92% 

and 95%, respectively. It is rem arkable that EM I’s C4 ratios could be so high in an industry  

consisting o f alm ost 10,000 firm s at the tim e. This pyram idal e ffec t is strongly suggestive of 

an atom istic fringe .4

It is apparen t from  these p relim inary  facts that the Big Two were, not only dom inant 

in EM I, bu t also structu red  as a duopoly. N onetheless, this is a question fo r testing and the 

econom etric models in Section 3 have all the requirem ents fo r rejecting or accepting the 

duopoly assum ption.

■ Barriers to E ntry. As previously discussed, en try  m ay constitute an im pedim ent to 

collusion. So it is im portan t to observe en try  patterns in  EM I over the period 1956-62. It

1For exam ple, see Tom ic, op. cit.

2U .S .D epartm ent of Com m erce, Bureau o f the Census (1958; 1963).

3A s defined  by the U.S. Bureau o f the Census (1963), coverage ratios m easure "the extent 
to w hich all shipm ents o f prim ary products o f  an industry  are m ade by plants classified in the 
industry , as d istinguished from  secondary producers elsewhere; that is, value o f shipm ents of 
the p rim ary  products made by plants classified in  the industry  expressed as a ratio  o f the total 
shipm ents o f prim ary products m ade by all producers, both in and out o f the specified  
industry."

4For confirm ation , see Jules Backman.(1962). The Econom ics of E lectrical M achinery 
Industry . New York: New York U niversity  Press.
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Table 2 .1 .3 . C4, C8 and Coverage Ratios 
Electrical Machinery Industry (1 9 4 7 -6 3 )

SIC
(percent)

Year 3612
Qa

3621 3624 3612
Ce

3621 3624 3612
Coverage 

3621 3624

1947 73 59 87 84 66 93 91 92 95

1954 78 50 86 89 59 93 94 84 94

1958 71 47 87 84 51 92 93 88 95

1963 68 50 83 79 59 92 94 84 96

Source: A dapted from  U.S. Bureau o f the Census.( 1963). Table 2.

Notes: 3612 = pow er and d istribu tion  transform ers; 3621 = m otors and generators; 
3624 = carbon and graphite products; coverage ratio  = the percentage o f all 
shipm ents o f  prim ary products o f an industry  m anufactu red  by tha t industry.

turns out that, by the second ha lf o f the 1940s, G E  and Wh had reached the peak of 

dom inance in EM I. Despite later en try  and grow th o f the sm all firm s o f the industry , this 

dom inance, although dim inished, was never seriously th rea tened . The Big Two effectively  

rem ained a dom inant duopoly.1

In this au tho r’s view , it would be a m istake, how ever, to conclude a p rio ri, on the 

basis that the industry  consisted o f almost 10,000 firm s, tha t G E and Wh did  not erect 

barriers. For it is apparen t tha t EM I was a tw o -tie r  m arket s truc tu re  w ith an oligopoly a t the 

top and w ith thousands o f firm s at the base com peting am ong them selves in the m anufacture 

o f goods essentially not produced by the oligopoly w hich was dom inated by the Big Two.

k e ls o n ,  op. cit. Incidentally, any m ention in I.O. econom ics o f the assets o f firm s 
invariably sets the stage fo r a discussion on barriers to en try  in the context o f the A verch- 
Johnson (1962) hypothesis. But, as Bresnahan (1981) points ou t, overcapitalization, under an 
assum ption o f constant returns to scale [which relates well to the U.S. economy], becomes 
m eaningless as a barrier to entry. Consequently, the A -J  hypothesis receives no fu rther 
a tten tion  in this study.
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Barriers m ight have been erected  betw een tiers. This is a question  fo r fu rth e r  discussion and 

analysis.

L inking en try  barriers to both the price and quan tity  approaches, F riedm an (1983) 

finds that, fo r duopoly, en try  barriers are associated w ith p reen try  prices (outputs) which are 

lower (higher) than they w ould be if  no th rea t o f en try  were posed. F riedm an  also finds that 

prices do not generally fall to the level o f m arginal cost to w ipe out pure p ro fit, and calls for 

dynam ic analysis of these effects.

■ The L erner Index. A detailed  discussion o f this m easure is de fe rred  to Sections 2.2 and 2.3 

where the basic and the price reaction  theoretical models, respectively , are presented. Suffice 

it at this point to state that the L erner index is an im portan t m easure in this study.

How ever, before com pleting the discussion on m easures, it is im portan t to realize that 

any reference here to the L erner index, an im portan t m easure o f  oligopoly pow er, leads to 

consideration o f econom etric m ethods and testing. Econom ists such as Iw ata (1974), Gollop 

and Roberts (1979) and A ppelbaum  (1979, 1982) have set great store on the relevance of 

m ethods used and on establishing robustness of measures. U nlike Bain (1956) and Scherer 

(1970), these econom ists apply  econom etric procedures to test theoretical m easures of 

oligopoly power. For exam ple, G ollop and R oberts, using inverse dem ands, make a 

distinction betw een the fo rm ula tion  o f conjectures fo r the purpose o f analyzing both the 

presence and the form  o f in terdependence. Regarding the presence o f in terdependence, 

Iw ata’s technique o f aggregating ou tpu t will suffice. But in  term s o f the form  of 

in terdependence, how ever, disaggregation is required , as G ollop and R oberts dem onstrate, 

because "the rival’s size" is then  regarded  as the d iscrim inating featu re . This has im plications 

fo r the availability of data. For the unavailability  o f data a t the firm  level restricts analysis 

to determ ining the presence o f in terdependence. Fortunately , data  a t the firm  level have been 

acquired by this author.
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O f the studies ju s t m entioned , this au tho r finds A ppelbaum ’s (1982) application  of 

p roduction  theory to the study  o f  oligopoly appealing and germ ane to the purpose o f this 

study. Covering the period 1947-1971, A ppelbaum  em pirically  tests fo r the degree of 

com petitive behavior and  fo r the degree o f firm  and industry  oligopoly pow er. The analysis 

is perfo rm ed  fo r fou r U.S. industries, including EM I. The L erner index, as a m easure of 

oligopoly pow er, is firs t theoretically  developed at the firm  level and  then  used in  defin ing  

a  sim ilar m easure at the industry  level where testing had to be conducted  because o f data 

unavailability  at the firm  level. So A ppelbaum ’s theoretical fram ew ork  provides models for 

em pirical research at both the firm  and industry  levels.

W hat makes A ppelbaum ’s m ethod en terprising  is its perm itting  the researcher to 

overcom e the usually insurm ountable problem s associated w ith obtain ing  firm  data. The 

industry  fram ew ork requires noth ing  m ore than  data on inputs, on m arket prices and on 

quantities in  order to estim ate the degree o f collusion. Such data  are easily obtainable from  

published  accredited  sources.

A ppelbaum  defines inverse m arket dem and functions fo r the fo u r industries. The 

EM I firm s buy capital, labor and raw  m aterials as inputs and supply  e lectrical m achinery  to 

industria l and utility  buyers. A ppelbaum  treats the supplies as hom ogeneous goods.

Using the properties o f Shepherd’s (1970) lem m a,1 A ppelbaum  (1) obtains the firm ’s 

inpu t dem and function  by d iffe ren tia tin g  its cost function  while assum ing that the vector of 

inpu t prices is com m on to all firm s in the non-com petitive  industry; (2) form ulates the firm ’s 

p ro fit m axim ization problem  w ith respect to quantity , sub ject to the inverse m arket dem and 

function  facing the industry . The firs t o rder conditions provide the m eans o f  ob tain ing the 

firm ’s conjectural variations, the con jec tu ra l elasticity  o f total industry  ou tpu t w ith  respect

1Also see Hal R. Varian.(1984). M icroeconom ic Analysis 2 ed. New York: W. W. Norton
& C om pany, p. 54.



44

to the typical firm ’s outpu t and a m easure o f oligopoly pow er w hich is easily converted  to the 

well know n L erner and H erfindahl indexes.

It is in the form ulation  o f  the f irm ’s m axim ization problem  that A ppelbaum ’s 

approach to analyzing EM I (am ong o ther firm s) d iffe rs  from  that o f this study. A ppelbaum  

uses the quan tity  approach1 while this study  uses the price approach.

A ppelbaum ’s rationale fo r choosing the quan tity  approach  is th a t the goal is m ainly 

to create a fram ew ork fo r studying collusion in and the "underlying m arket s truc tu re  o f an 

industry." A ppelbaum  has chosen the popular m ethod.2

But this study has a m ore specific  goal. It in tends em pirically  to establish w hether or 

not there was a "great conspiracy" in pricing behav ior,3 and thus the pricing approach is 

p refe rred . This is a significant departu re  from  A ppelbaum ’s (1982) model. It is conceptually 

m ore appropriate  if  tests o f hypotheses abou t the existence o f  price collusion in EM I are 

conducted  in a model w ith price as the strategic variable.

Now, Labini (1979) seems to th ink  that, a lthough price  is the appropriate  strategic 

variable in studying oligopoly behavior, yet p rice  changes are  orderly  in oligopolistic m arkets.

t h r o u g h o u t  the rem ainder of this study , the term  price  (quantity) approach means a 
theoretical m odel, as developed in Section 2.2, having a d irec t (an inverse) dem and curve and 
using p rice  (quantity) as the strategic variable o f firm  or industry  behavior. This convention 
leads to the use of the expression PCV (QCV) fo r price (quan tity ) conjectural variation. Note 
that, fo r hom ogeneous goods under the quan tity  approach, m arket price is a function  of: the 
con jec tu ra l variation, m arginal cost, and the elasticity  o f dem and.

2Judging from  the extensive am ount o f reading done fo r this study, this au thor finds the 
quan tity  approach more popular than the price approach. The m ost likely reason fo r this is 
that data  are by far more readily available fo r the q uan tity  approach than fo r the price 
approach.

in c id e n ta lly , the term  p rice-tak ing  behavior at tim es seems to be defined  as identical to 
perfec tly  com petitive behavior. The tru th  is, all perfec tly  com petitive behavior is p rice- 
taking behavior but all p rice-tak ing  behavior is not perfec tly  com petitive behavior. For some 
cases o f collusion and o f price leadership involve p rice -tak in g  by w eaker firm s in 
noncom petitive situations. So although p ro fit m axim ization behavior in EM I as a 
d iffe ren tia ted  goods m arket rules ou t any m eaningfu l discussion o f m arginal cost pricing, this 
does not im ply that p rice-tak ing  behavior cannot exist in EM I. See M argaret E. Slade.(1986). 
"C onjectures, F irm  C haracteristics, and M arket S tructure: A n Em pirical Assessment." 
In ternational Journal o f Industrial O rganization 4: 347-69. N orth  Holland.
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Labini contends tha t oligopolies are expected to use changes in prim e costs as excuses for 

effecting  system atic sim ultaneous price changes. M eanw hile, D ixon (1983) rem inds analysts 

that, alm ost two decades earlier, Stigler (1964) had found  evidence o f such orderly  pricing. 

H ow ever, the L abini and Stigler conclusions are re jec ted  in  D ixon’s model.

W aterson (1984) and Slade (1986) also recom m end the price approach for 

heterogeneous goods. For exam ple, follow ing C ubbin  (1974) in developing a model for 

sym m etrical heterogeneous oligopoly, W aterson refers to the price approach as "more 

convenient fo r price setting."

'  A nother sign ifican t departu re  from  A ppelbaum ’s (1982) m odel m ust be m ade fo r a 

d iffe ren t reason. In specify ing  conjectural elasticity  o f total industry  ou tpu t with respect to 

the typical firm ’s ou tpu t share, A ppelbaum  linearly pegs the conjectural elasticity  (CE here) 

to inpu t prices while adm itting  that this procedure is ne ither "necessary" nor "very appealing," 

bu t restrictive o f "firm  behavioral modes." (p. 294). This au tho r considers the pegging o f CE 

to inpu t prices as riskily  exclusive and agrees w ith the H usbands (1990) technique used in a 

som ew hat parallel case. C onjectu ral elasticity  is there  treated  as a param eter fo r its 

determ ination  w ith in  the econom etric model while suitable dum m y variables are included to 

account fo r im portan t econom ic conditions not cap tu red  by that param eter.

Indeed, G ollop and R oberts (1979) allude to this k ind  o f procedural problem , noting 

tha t a m odel o f "producer behavior" should not treat CE as constant since CE can be controlled 

by the firm s and should therefore  be allowed to vary as tim e passes. A n earlier attem pt by 

Iw ata (1974) assum ed the QCV to be a constant param eter fo r each firm . It is clear that the 

assum ptions o f Iw ata and A ppelbaum  cannot sim ultaneously be considered rational fo r EMI 

w ithin  the fram ew ork  of the quantity  approach.1 For CE is the p roduct o f QCV and s,. For 

exam ple, holding both CE and  QCV constant in A ppelbaum ’s study would suggest the

1T here is no suggestion m ade here that any such application exists. This au thor knows of 
none.
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unsupported  scenario that m arket share s, rem ained constant in EM I over the period  1947-71. 

Assum ptions o f CE and PCV being sim ultaneously constant w ould be even m ore inappropriate  

since CE now becomes the p roduct o f PCVij and p /p j.

As previously ind icated , a th ird  question arises as to w hether electrical m achinery 

should be treated  as a heterogeneous good, or as a hom ogeneous good as A ppelbaum  has done. 

The assum ption o f heterogeneity  is m ore suitable than that o f  hom ogeneity  w here p rice  is the 

strategic variable so long as the requisite data are available. The reasoning is as follows: 

Hom ogeneity is an im portant elem ent o f  perfec t com petition. Increases in hom ogeneity lead 

to decreases in individual firm  ou tpu t while m arket ou tpu t increases and thus facilita te  the 

creation o f atom istic m arkets. But hom ogeneity alone cannot create such m arkets since it is 

a necessary but not a su ffic ien t condition fo r perfect com petition . So i f  goods that would 

norm ally be thought o f as belonging to com petitive m arkets are being sold in noncom petitive 

m arkets, it m ust be that factors o ther than the physical elem ents o f the goods have caused 

buyers to perceive them  as heterogeneous.

For exam ple, convenience, cost cutting  opportunities, speed o f delivery , b rand  loyalty, 

distance betw een supplier and  buyer, length of w arranties, conditions in  service contracts, and 

the proneness o f some goods m ore than others to be used by sellers as instrum ents for 

practicing collusion will d iffe ren tia te  such good in the m inds o f buyers. Support for 

regarding EM I products as heterogeneous comes from  F riedm an  (1986) who writes: "In my 

view, hom ogeneous product m arkets are virtually  nonexistent; therefo re , introducing 

d iffe ren tia ted  product m arkets is an im portan t step forw ard."

It is therefore  reasonable to assume that the Big Two faced  dow nw ard sloping direct 

dem and curves as they supplied heterogeneous electrical m achinery , which are reasonably 

close substitu tes, m ainly to industria l and u tility  custom ers. T he Bulow, G eanakoplos and 

K lem perer (1985) study o f  strategic substitutes and strategic com plem ents in oligopoly 

m arkets bases the distinction betw een quantity  and price com petition  on w hether goods are
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hom ogeneous or heterogeneous, respectively. To sum up, the assum ption of product

d iffe ren tia tion  conform s to P o rte r’s (1980) defin ition:

Product d iffe ren tia tion  m eans that established firm s have b rand  iden tifica tion  
and custom er loyalties, w hich stem  from  past advertising, custom er service, 
product d ifferences, or sim ply being firs t in the industry .1

Ironically , the homogeneous physical natu re  o f  EM I goods provides an analytical advantage

w here firm  price data are unavailable. T hat is, it perm its unam biguous sum m ing of firm s’

o u tp u t to obtain  industry ou tpu t i f  estim ation m ust be done at the industry  level.2

A fo u rth  departure from  A ppelbaum ’s (1982) study  stem s from  this au th o r’s agreem ent

w ith Bresnahan’s (1989) view that it is incorrect to trea t the con jec tu ra l elasticities in

equilibrium  as equal across firm s. Bresnahan asserts that "there is nothing in the logic o f

oligopoly theory to force all firm s to have the same conduct."

Using the quantity  approach , A ppelbaum  found that EM I wielded "significant

oligopolistic power" over the period  1947-71. The prim ary  purpose here is to a ttem pt to

detec t collusion in EM I by using the price approach  over the 1956-62 segm ent o f that period.

But an e ffo rt will also be m ade to determ ine w hether: (1) outbreaks o f cheating occurred; (2)

Slade’s (1986) notion o f  price d iscrim ination  in oligopoly can be supported  by available EMI

data; (3) PCVs were constant and consistent in EMI.

■ R eaction functions. R eturn ing  to the discussion o f m easures and techniques, this study now 

looks a t reaction functions. For purposes o f econom etric estim ation, some econom ists em bed 

CVs in  sing le-period  reaction function  m odels, notw ithstanding the chagrin o f D ixit (1988) 

and , perhaps, the disappointm ent o f W aterson (1984). But F riedm an (1983) even more 

strongly opposes the use o f reaction functions in static sing le-period  models. F riedm an argues

M ic h a e l Porter.(1980). C om petitive S tra tegy--T echn iaues fo r Analyzing Industries and 
Com petitors. New York: The Free Press, 3-33.

2W aterson, op. cit., argues tha t, g iven the price approach, then "it is no longer possible to 
sum  outputs unam biguously to obtain  industry  output." (p. 27). But this au thor is convinced 
that the argum ent adduced above should satisfy W aterson that EM I products could have been 
unam biguously summed.



that reaction  function  models should be used only to d istinguish  betw een action in the

preceding  period  and reaction in the cu rren t period. F u rtherm ore , where price reaction

functions (PR,) alone are strategies, "only an approxim ation  to noncooperative equ ilib rium  is

assured." But i f  strategies are defined  as (p„ P R ,)--th is  paper’s n o ta tio n --w ith  p, being in itial

price in dynam ic m odels, then collusive "equilibrium  is assured." F riedm an adds:

A lthough the decision process o f M arschak and Selten rationalizes reactions 
w ith in  a single period m odel, it is m uch m ore reasonable to suppose 
sim ultaneous actions w ith in  each period and use a m ultiperiod  (dynam ic) 
m odel.1

Friedm an was not the firs t econom ist to criticize the typical use o f reaction functions 

in I.O. econom ics. For exam ple, Fellner (1949) observes that ne ither the in tersection  of 

reaction functions fo r outputs nor the stability  o f achieved equ ilib ria  is assured.(p. 73). D ixit 

(1988) again calls fo r dynam ic m odelling.

■ E lasticities. R eference has already been m ade to con jec tu ra l elasticities (CEs). N ow , QCV., 

m ay be w ritten  as dq2/dq., and PCV., as dp2/d p v Both the quan tity  approach and the price 

approach , as represented by these expressions, define  b ilateral CVs. For exam ple, if  there 

were th ree  firm s, then the bilateral PCVs w ould be: (1) firm  l - - d p 2/dp.,, d p 3/d p 1; (2) firm  2— 

dp1/d p 2, d p 3/d p 2; (3) firm  3 - -d p 1/d p 3, dp2/d p 3. So, as collusive m easures are developed for 

EM I, b ilateral PCVs and, by extension, CEs, will sim ultaneously be involved since CE is the 

p roduct o f  the PCVs and the price ratio , p1/ p 2.

D em and elasticities (e’s) will reflec t buyer tendencies and the o rder o f buyer 

p references in the EM I m arket. Thus, the procedure used here will p rovide, not only 

estim ates o f ow n- and cross-price elasticities o f dem and along w ith conjectural elasticities, 

bu t also the scope fo r devising tests to determ ine w hether conjectures are both constan t and 

consistent. E lasticities will play a role in this determ ination .

1Jam es W. Friedm an, op. cit., p. 134; Thom as M arschak and R einhard  Selten.(1977). 
"Oligopolistic Econom ies as Gam es o f L im ited  Inform ation." Z eitsch rift fu r  die G esam te 
Staatsw issenschaft 133: 385-410.



49

A lthough unobserved, elasticity  param eters have been estim ated  in the litera tu re  w ith 

acceptable degrees o f success. Also, Iw ata (1974), F riedm an  (1977), G ollop and Roberts 

(1979), B resnahan (1981), A ppelbaum  (1982), W aterson (1984) and Liang (1988), among 

others, have m ade significant contributions both in  popularizing and in advancing the 

usefulness o f elasticities in  the determ ination  o f firm  oligopolistic perform ance.

There has been and will be some arb itrariness in troduced . This is because a priori 

notions about influences o f factors such as firm  size, o u tp u t levels, firm  assets, sales volume, 

and the size o f the firm  labor force will play a selective role in the models fo r estim ating CV 

param eters. This is precisely the reason why conjectures should be tested fo r constancy and 

consistency. For constant and consistent conjectures will im ply tha t arb itrariness has been 

rem oved. N evertheless, even if the hypothesis o f constancy and  consistency is re jected , the 

estim ates o f reaction function  param eters in this study  should still prove to be useful insights 

into firm  policy since these functions represent a f irm ’s choice o f price in  a given period after 

m aking inform ed surm ises about rival price reactions, and since arb itrariness o f  conjectures 

about pricing behavior can be ad justed  by econom etric m ethods.

This argum ent does not address the concerns o f D ix it, E aton and Friedm an, in 

particu lar, who strongly advise the use o f dynam ic m odelling. But the position taken by this 

au thor is partly  based on an em pirical finding o f F udenberg  and T irole (1987) that, contrary 

to contestable m arket theo ry ,1 incum bents’ price ad justm ents are instantaneous and faster 

than quan tity  ad justm ents.2

Finally , it seems to this au tho r that a theory o f  oligopoly, how ever specialized, should 

m ake at least passing reference to the controversy surrounding  the k inked  dem and curve. The

W illiam  J. Baum ol.(June 1983). "Contestable M arkets: A n U prising in the Theory of 
Industry  Structure." A m erican Econom ic Review  73: 491-96.

in c id e n ta lly , M etzler’s estim ate o f a typical quan tity  ad ju stm en t period is five m onths, 
including the period o f planning. See Lloyd M etzler.(F ebruary  1947). "Factors G overning 
the L ength o f Inventory  Cycles." Review  o f Econom ics and Statistics 29: 7.
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truncation  o f two dem and curves a t the point o f in tersection , w hich form s the k ink , simply 

provides the means fo r a firm  to accom m odate, w ith in  dem and theory , its asym m etric 

conjectures o f  price responses o f o ther firm s to changes in its ow n price.

This au thor shares W aterson’s (1984) view that this is "m erely a special case o f the 

general conjectural variations model." In the case o f  G E and Wh, the asym m etry in 

conjectures m ay be defined  as:

PCV., = dp2/d p 1 = 0 fo r dp., > 0; < 1 fo r dp., < 0, (2.1.2)

where the subscripts relate to firm s 1 and 2. Now the k ink and the varia tion  in conjectures 

are d irectly  based on perceived firm  behavior. Also, behavior betw een two firm s as rivals is 

m easured by CVs while behavior betw een a firm  and its consum ers is m easured by price 

elasticity  o f dem and. The link  betw een in te r-f irm  behavior and firm -consum er behavior is 

firm  m arket prices. This can be show n by deriving me., and m c2 fo r the Big Two and then 

sim ultaneously solving them  to show  that, at equ ilib rium , p., and p 2 will depend upon both 

firm s’ dem and elasticities and CVs.

This analysis seems to suggest that the position o f the k ink  can be restricted  by 

sim ulation techniques to a small neighborhood. U nfo rtunately , this would only be an 

advancem ent o f the theory since the equilibrium  would still not be precise.

But another approach is probably  more prom ising. It has to do w ith the notion of 

constant consistent conjectures theory . The criticism s levelled a t the k inked -dem and-cu rve  

hypothesis may be significantly  m uted  by this theory w hich should rid  the reaction -theo ry  

fram ew ork  o f arbitrariness. So, as I.O. economists succeed m ore and m ore in fin e -tu n in g  the 

theory o f constant and consistent QCVs and PCVs, m ore and m ore should the controversy 

surrounding  the kink fade away.
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2.2 The Basic Model

As discussed in Section 2.1, EM I is represented in  this study  by G E  and  Wh. The 

basic m odel reflects a duopolistic m arket w ith the firm s buying inputs o f labor (L), capital 

(K ) and raw  m aterials (M) to m anufacture  electrical m achinery. The m achinery  is perceived 

as heterogeneous goods w hich are fairly  close substitu tes, and would be perceived  as perfect 

substitu tes only if p = (dp1/d q 2)/(3 p 1/d q 1) = l .1

The goods sold by firm s 1 and 2 may also be described  as strategic substitu tes in the 

sense that if, say, firm  1 significantly  lowers its price in a given m arket (an aggressive 

stra tegy), this would cause the m arginal p ro fit o f  firm  2 to fall.2 T he alm ost 10,000 fringe 

firm s sell products that are m ostly im perfect substitu tes fo r the duopoly’s products. 

C om pared to G E  and Wh (the Big Tw o), the fringe is so small in term s o f m arket share that, 

w ithout loss o f generality, it suffices to study EM I as a  duopoly.

T he Big Two are sym m etric firm s w hich means that they have parallel cost 

s truc tu res.3 The problem  of these firm s is to m axim ize profits (7T,) w ith price (p,) as the 

strategic variable. The expectation is that fin ite  sym m etric equilibrium  prices greater than 

zero will em erge in satisfaction o f the firs t o rder conditions.

W ith price as the strategic variable, the duopoly will face d irec t dem and curves. The 

aptness o f the assum ptions made about dem and will play an im portan t role in determ ining  the 

degree o f success achieved in  rem oving arb itrariness from  the m odel now being developed. 

This is because any m isspecification of the nature o f the dem and functions will make

1K am ien  and Schwartz, op. c it, p. 205.

2Jerem y I. Bulow, John D. G eankoplos and Paul D. K lem perer, (1985). "M ultim arket 
Oligopoly: Strategic Substitutes and Com plem ents." Journal o f Political Econom y Vol.93,
no.3: 488-511.

3A ppelbaum  (1982), op. cit.
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consistent price  conjectural variation (CPCV) results m eaningless, as K am ien and Schwartz 

(1983) show.

So dem and is assum ed to be linear. This assum ption perm its testing fo r the existence 

o f a constant consistent price con jec tu ra l equilibrium . This is desirable since a failu re  to 

re ject such existence would free the constant CPCV results from  bias.1 

But, as K am ien and Schwartz poin t out:

...even in sym m etric equilibrium  firm s’ constant con jec tu ra l variations are 
unlikely  to be correct since there is only a very narrow  class o f dem and and 
associated in terio r conjectural variations fo r w hich this is possible....It 
was...shown that the lim iting con jec tu ra l varia tion  that leads to com petitive 
ou tpu t can be consistent fo r any dem and fu n c tio n .2

Notice that K am ien and Schwartz (1983) are distinguishing betw een constancy and consistency

of CVs. These authors stress that: (1) constancy m ay not be achieved; (2) the absence of

constancy can lead to a fa r  broader range o f dem and functions.

With the K am ien and Schwartz reasoning taken into account, the dem and conditions

facing EM I are as follows: (1) the dem and curve is linear and negatively sloped; (2) dem and

is fin ite  and positive; (3) given firm  i and firm  j ,  q, increases in  Pj and decreases in  p,; (4) if

dp, = dpj, this will have a sim ultaneous influence on both q, and qJ? ceteris paribus, as long as

the price change does not define new prices h igher than the upper bound o f prices fo r that

m arket.

Form ally, firm  i faces the d irec t dem and function:

di = Qi(Pi v), i = 1,...,N , (2.2.1)

where q, is firm  i’s ou tput, p is a vector o f dem and prices and v is a vector o f exogenous 

determ inants o f dem and, such as the prices and quantities o f o ther goods. V ector v is

1This is a bonus w hich is not available if  dem and is assum ed to be loglinear. Constant
CPCVs do not exist in the loglinear dem and case. See K am ien  and Schwartz, op. cit.

2K am ien and Schwartz, op. cit., p. 209.
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therefore a dem and sh ift variable. Aggregate dem and Q = S,N q,,1 and 5Q /3P  < 0 fo r the 

m arket dem and curve. D em and fo r q, falls in own price so tha t d q /d p , < 0, and rises in rival 

price so that Sq /dp j > 0. In absolute value, the response o f  q, to changes in  p, is assum ed to 

be greater than  the response o f  q, to changes in pj5 i # j.

F irm  i’s vector x o f  n inpu ts is:

x = xj = (x1,...,xn), j = l , ...,n , (2.2.2)

while the vector o f inpu t prices r is assum ed to be the same fo r all i and is defined  as:

r = (rK, rL, rM) (2.2.3)

where subscripts K , L and M are capital, labor and raw  m aterials, respectively.

This study  adopts A ppelbaum ’s (1982) assum ption o f constan t equal m arginal costs2 

fo r the Big Two since, as Cow ling and W aterson (1976) poin t ou t, this precludes "variation in 

p rice-cost margins" o f the two firm s. T hus, firm  i’s total cost function ,

C, = C|(q,, r), i = 1,...,N , (2.2.4)

is d iffe ren tiab le  a t (q ,r), r » 0 .3 By Shepherd’s Lem m a,4 firm  i’s inpu t dem and curve can 

therefore be derived  from  the cost function , given the assum ption that, fo r EM I as a 

noncom petitive duopoly, the two firm s face the same inpu t prices.

F irm  i’s inpu t dem and function  therefore  becomes:

x,J = SC^q,, r ) /3 rJ, i= l,...,N ; j= l,...,n ; (2.2.5)

1Detailed specifications o f the en tire  model are de fe rred  to Section 3 where the 
econom etric m odel will be presented.

2By the assum ption o f constan t m arginal costs, A ppelbaum  (1982) means that "firm s have 
linear and parallel expansion paths so that m arginal costs are equal across firms." The same 
use o f the term  is applied  here.

3By defin ition , "»" means always greater than any given value fo r all i. See V arian, op. 
cit., p. 308.

4R. Shepherd .(1970). Cost and Production F unction . Princeton, N.J.: Princeton
U niversity  Press; V arian, op. cit.
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where x,J is the input dem and vedtor o f firm  i and dCJdr  is a colum n vector o f partial

derivatives o f C, w ith respect to  r. Each firm  is assum ed to be risk  averse so th a t its problem

is to m axim ize profits w ith respect to p,. F irm  i’s ob jective fu nction  is therefore:

7T, = (p r  m c ^ p , ) ,  i = 1,...,N  (2.2.6)

w here me, and 7T, are firm  i’s m arginal cost and total p ro fit, respectively .1

R ew riting (2.2.6) to express the p ro fit m axim ization problem  fo r the duopoly yields:

M ax tt, = E(p, -  m c^q/p,), i = 1,2 (2.2.7)
Pi i

sub jec t to:

Q = Q(P, v) (2.2.8)

where constrain t (2.2.8) is expressed in industry  variables, w ith  Q = Efl, fo r industry  supply.

But, m ore to the purpose here, jo in t p ro fit m axim ization m ay be used by the two firm s 

as a collusive device. For exam ple, it is reasonable to assum e that, in  the absence o f price 

cooperation, buyer pow er w ould erode the duopoly’s m arket pow er by bidding p rice  down to 

the level o f m arginal cost. T hus, sellers an tic ipating  th is could be m otivated  to collude fo r 

the purpose o f offsetting  price erosion. The result w ould be jo in t p ro fit m axim ization

yielding 7r > 0 instead o f perfectly  com petitive 7r = 0. Thus, (2.2.7) would become:

Max 7r = (Pt - m c ^ q ^ p ) + (p 2 - mc2)q2(p) (2.2.7’)
Pi,P2

sub jec t to

Q = Q(P, v), (2.2.8)

w here subscripts 1 and 2 refe r to G E  and W h,2 respectively, Q = (q-,+q2), P is m arket price 

and p is a vector o f ou tpu t prices.

1Discussion o f suitable techniques fo r estim ating me, is d e fe rred  to  Section 3.1.

zAs in Section 2.1, G E  and Wh will also be referred  to as firm  i or firm  1, and firm  j or 
firm  2, respectively.
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N otice that (2.2.7’) contains the p rice-cost m argins (PCM s) o f both  firm s as 

determ inan ts o f the level o f duopoly  p rofits . L ike the  concen tra tion  ratio  (C n) and the L erner 

index (Le), PCMs are estim able m easures o f m arket pow er and therefo re  o f perfo rm ance.1 

PCM values, which are d irectly  linked  to Le, are expected  to rise during  booms and  to fall 

during  recessions. The m ore concen trated  the industry , the m ore strongly are PCMs expected 

to react to changes in the business cycle. O f special in terest here is K w oka’s (1979, 1981) 

find ing  tha t the m arket shares o f the two leading firm s o f an industry  [such as G E and Wh 

o f EM I] have a closer relationship w ith an industry ’s PCM  than  broader concen tration  ratios 

have w ith the PCM .2

H ow ever, given that the firm s jo in tly  a ttem pt to m axim ize p rofits , then the duopoly’s 

op tim ality  condition from  (2.2.7’) w ith  respect to pn is the f irs t o rder condition:

chL = q, + (P-rm c^da., + (p2-m c 2)da2 = 0 (2.2.9)
ap1 ap1 ap1

w hich is a  collusive result in term s o f firm  l ’s price. It should  be noted tha t, a lthough large

PCMs are  generally consistent w ith p ro fitab ility , these m argins alone should not be in terp re ted

as an inv ita tion  to profitable en try . A potential en tran t should  always consider the existing 

elasticities o f dem and in o rder to m ake a rational decision about entry .

Assum ing now that p rofits are not jo in tly  m axim ized, then  firm  l ’s own optim al 

condition from  (2.2.6) w ith respect to it own price is the f irs t o rder condition:

£2Ei = Qi + (p -rm ci)[£fli + d n 2] = 0 (2.2.10)
3pt dp1 dp2 dp.,

w hich is not the same thing as the resu lt in  (2.2.9) and therefo re  not a collusive result. It is 

the solution to firm  l ’s decision to act independen tly  o f firm  2 in m axim izing own profits.

1PCM  is not to be confused w ith  p rice -fix in g  w hich reflects conduct ra ther than
perform ance.

2A1so see Schmalensee (A pril 1987), op. cit.
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The firs t o rder condition given by (2.2.10) may be rew ritten  fo r firm  1 (see A ppendix 

1.3) as the equilibrium  condition:

cm r, = P1 + [q1/(-B 1 + ^ P C V ,)]  (2.2.11)

where -13., = dq.,/3p.,; 61 = 3q.,/3p2; PCV., = dp2/d p 1; cm r, is the con jectu red  m arginal revenue 

o f firm  1; and PCV., is the price conjectural variation o f firm  1. N otice that -131 m easures 

inverse quan tity  responses along the dem and curve to changes in  p v Thus 13., m ust be positive. 

But the dem and curve also responds to changes in p2 since p is a vector o f  prices. These 

responses are positive and are m easured here by 5., > 0. Since the dem and curve fo r firm  1 

is assum ed to be dow nw ard sloping, then 0 < 61 < 131 m ust be true  since dem and is assum ed to 

respond m ore to own price than  it does to rival price fo r a close substitute.

T he PCVs in  this study are expected to conform  to the K am ien and Schw artz (1983) 

p red ictions fo r heterogeneous goods. These predictions are: PCV, significantly  less than  zero 

fo r perfec tly  com petitive behavior; not significantly  d iffe re n t from  zero fo r B ertrand 

behavior; sign ificantly  greater than  zero fo r collusive behavior.1

In general form , (2.2.11) becomes:

(cmr, = p, + [q,/(-13, + ^PCV,)]} = me,. (2.2.11’)

This equation indicates that, at equilibrium , the firm s have m axim ized p rofits by setting 

m arginal cost equal to con jectu red  m arginal revenue. This is the classical princip le o f the 

firm  p ro fit m axim ization problem . Notice that PCV, = dpj/dp, appears in (2.2.11’). As 

expected, the PCVs turn  out to be key param eters o f firm  behavior. But, at this po in t, only 

the theoretical im portance o f these param eters is being observed.

I f  the firs t o rder conditions o f the quantity  and price approaches are equated and then 

QCV, is set equal to one, this would yield collusive PCV, given as:

in c id e n ta lly , Slade’s (1986) price-d iscrim ination  result fo r the gasoline industry  that she 
studied requires PCV, = 1 fo r a m onopoly result. See Table 2.1.2 fo r in teresting com parisons.
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PCV, = (B, + fij)/(B, + 5,) > 0 , i *  j; (2.2.12)1

But, fo r the perfectly  com petitive  case, the K am ien and Schw artz PCV, now requires that

QCV, be set equal to negative one. This yields:

PCV, = (13, - 6j)/ (-13j + 5,), i *  j ,  (2.2.12’)

(see A ppendix  1.1). M athem atically , this result, in the absence o f  specific  assum ptions, is of

am biguous sign. But the K am ien and Schwartz assum ption o f  sym m etry , w hich is defined  as

all firm s having the same CVs, the same quantities and the sam e prices, assures tha t 13, = 13j and

that 5, = 5j. This along w ith the assum ption that 13 > S means tha t the K am ien and Schwartz

PCV, result is equal to -1 fo r the perfectly  com petitive case as show n in F igure 2.1.1 of

Section 2.1, a point not observed by Liang (1988).

How ever, the K am ien and  Schwartz characterization  o f sym m etry  defines a special

case and does not correspond in this study to the use o f  th a t term  w hich, as defined  by

A ppelbaum  (1982), means nothing more than the firm s concerned  having parallel cost curves.

Thus, the low er bound o f the price approach cannot be defined  here fo r perfec t com petition.

For exam ple, w ith the price approach , the perfect com petito r’s problem  may be w ritten  as jt 

= pq - mcq. The firs t order condition  yields q = 0 w hich is absurd . T hus, fo r the com petitive

result, the low er bound under the price approach is undefined . If  th is paper finds that 0 <

5 < 13, then the perfectly  com petitive result here would be stric tly  negative. N otice that this 

reasoning does not hold under the quantity  approach. For exam ple, the problem  becomes 7r 

= pq - mcq so that p - me = 0 as required .

Now if  the optim al conditions given by (2.2.9) and (2.2.10), the firs t o rder conditions

o f jo in t-  and o w n -p ro fit m axim ization, respectively, are set equal to each o ther, then the

result, a fte r  m anipulation, becomes:

1For the derivation, see A ppendix  1.2. Also, see K am ien  and  Schw artz, op. cit., and Nellie 
J. Liang.(1988). "Price R eaction Functions and C onjectural Variations: A n A pplication to the 
Breakfast Cereal Industry." Federal Trade C om m ission--*  Stop 149, Board o f G overnors of 
the Federal Reserve System.
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PCV, = dfi2 = (E.2_m Qg)(^S.2)/(dfl-i) (2.2.13)
dp, p ,-m c , 3p, <9p2

as shown in A ppendixes 1.4 and 1.5. The useful features tha t can be educed  by w riting PCV,

in this fo rm  are: (1) the dependence o f the PCVs on the PCMs show ing an  obvious link of

PCVs to the L erner index w hich is still popular as a m easure o f  oligopoly pow er;1 (2) the

potential fo r linking the PCVs and  the L erner index to elasticities as shown in A ppendix  1.6;

(3) the opportun ity  to dissect the con jec tu ra l elasticity  term  w hich appears in the derivation

given in A ppendix 1.7.

The question arises as to w hether the PCVs are consistent, as explained  in Section 2.1. 

But w hat is also im portan t to observe is w hether the conjectures realized bear reasonable 

relationships to the real world. Some analysts point to the fac t tha t the standard  Bertrand 

(1883), C ournot (1927) and Stackelberg (1952) models, based on assum ptions untouched by 

evolving m arket realities, a rrive  a t sign ificantly  d iffe re n t results.2

H ow ever, some im portan t contribu tions to CV theory m ain tain  th a t requiring 

consistency o f conjectures is su ffic ien t to free  the theory from  sign ifican t a rb itra riness,3 and 

to generate industry  ou tpu t levels g rea ter than C ournot’s and at tim es m atching B ertrand’s.4 

Indeed, Bresnahan (1981) regards consistency o f conjectures as the "selection criterion."

For the p rice-o rien ted  PCVs, references here to consistent conjectures will be in the 

fo rm  "consistent price con jec tu ra l variations (CPCV)" as opposed to CQCV fo r the quantity  

approach. A n attem pt will be m ade to determ ine w hether the PCVs o f this study are CPCVs 

in equilibrium .

1See A ppendix  1.6.

2W aterson, op. cit.

3For exam ple, see Bresnahan (1981), op. cit., and M. K . Perry .(1982). "Oligopoly and
C onsistent C onjectures Variations." Bell Journal o f  Econom ics 13: 197-205.

4W aterson, op. cit.
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But, w hat is it in oligopoly theory , im perfec t as it is, that w ould lead to consistency

o f the conjectures? Bresnahan’s (1981) answ er is:

If  [firm s] have consistent conjectures, nothing in  the com parative statics o f 
equilibrium  will reveal those conjectures to be wrong. By w hat process the 
conjectures will come to be consistent is an elusive problem , as is the 
possibility  o f an inform ationally  consistent stable dynam ic fo r oligopoly prices 
and  quan tities.1

Bresnahan fu rth e r  m aintains tha t com parative statics is the only tool econom ists need to

ju s tify  the notion o f consistent conjectures equilibrium . Bresnahan has strong support in

K am ien  and Schwartz (1983) and in  Liang (1988), among others.

R egarding the reference to linkages o f the PCVs to the L erner Index (Le) and to

elasticities, econom ic theory teaches that elasticities are always im portan t where

in terdependence is involved. A n assum ption o f  price collusion in EM I presupposes the

existence o f a reciprocal pricing dependence betw een firm  1 and firm  2, given the price

approach. Such behavior can confer m arket pow er on the  two firm s. A part from  the PCVs,

ow n- and cross-price elasticities along w ith values o f  Le can determ ine the degree of

oligopoly pow er (see A ppendix 1.6). For exam ple, m easures o f the inverse relationships

betw een ow n-price  elasticity and Le will shed light on buyer perceptions and reactions to

m arket forces and phenom ena.

So price elasticity o f dem and at the industry  level is defined  here as:

e = 9Q  P, (2.2.14)
dP Q

But, a t the firm  level, e., may be defined  fo r firm  1 as:

e i = (slfli + • dp2) (e>i ) < 0. (2.2.15)
3p1 dp2 dp1 q..

This is the elasticity  o f dem and that firm  1 faces as a seller o f q v  In term s o f the param eters 

o f (2.2.11), (2.2.15) in general fo rm  becomes: 

e, = ( p , / q f)(-B i + 5,PCV,)

t im o th y  Bresnahan (D ecem ber,1981), op. c it., pp. 934-45.
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or

e, = (-B iP| + ^ P C V ^ /q ,  < 0. (2.2.15’)

The partial derivative o f e, w ith respect to PCV, should be positive. Form ally, the first 

derivative o f  (2.2.15’) w ith respect to PCV, is:

de/SPC V , = «5,p,/Ql > 0 (2.2.16)

as requ ired . This means that e, rises in  PCV,. T hus, p rice  elasticity  o f dem and of firm  i 

becom es m ore inelastic as firm  i perceives m ore and m ore collusive behavior in conjunction  

w ith  firm  j . 1

In tu itive ly , the dem and curve o f firm  1 becom es m ore inelastic as firm  l ’s price 

con jec tu ra l variation  with respect to firm  2’s price increases. As dem and becomes more and

m ore inelastic, the m ore it pays firm  1 to raise ra ther than  low er p v So collusion is expected

to be accom panied by higher prices, ceteris paribus. This resu lt is insightful but not 

su rprising .2

A com bination o f the defin ition  given in  (2.2.11) and  the form  o f (2.2.14), bu t at the 

firm  level, m ay be w ritten  as:

®n = ~®i Pi/di 0, i = 1, (2.2.17)

fo r firm  i’s partial ow n-p rice  elasticity  o f dem and show ing the dem and fo r firm  i’s products 

falling  in  p,;

®ij =  P j / Q i  > 0 , i  = 1, j  = 2 (2 .2 .IS)

which is the partial cross-price  elasticity  o f dem and show ing the dem and fo r firm  i’s products 

rising w ith  rival price Pj; and

® j i  =  P i / Q j  ^  0 ,  i  = 1, j — 2 (2.2.19)

1Liang, op. cit.

2This e ffec t is also confirm ed in the price reaction approach  o f Section 2.3 where a 
graphical analysis is also presented.
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the converse o f  (2.2.18). This analysis can be extended to determ ine  the e ffec t on conjectures 

of changes in product d iffe ren tia tion . For exam ple, as the firm s’ products becom e less and 

less d iffe ren tia ted , firm  l ’s p rofits  will become less and less independen t o f firm  2’s policies, 

and conversely. This can be verified  by analysis o f partial ow n- and partial cross-price 

elasticities.

Elasticities are im portan t also because high PCMs o ften  accom pany low elasticities of

dem and. Low elasticities o f dem and imply tha t s ign ifican t additions to capacity and to

production would lead to large p rice  cuts and thus to a w orsening o f p ro fitab ility .1

A discussion o f elasticities here naturally  leads to a discussion o f the L erner index

(Le). This is because Le can be derived  in term s of e,j, eN and  o f CE,. For exam ple, fo r firm

1, the lerner index may be w ritten  as:2

Le,  = (z_i) + ( - 1 ) (2.2.20)
®n (eizXCE,)

where e „  = - B - ^ / q , )  < 0; e12 = fi^Pa/q,) > 0; and C E 1 = (d p 2/d p 1)(p1/ p 2) = P C V ^ /p , , )  > 0. 

Price cost m argins are positive, as show n in (2.2.13). F u rth e r substitu tions involving 13.,, 8, and 

PCV1 will yield:3

Le, =________-  1___________  (2.2.21)
(P-,/q1)(-B 1 + S.PCV,)

or
Le,  = - 1__________  (2.2.21’)

(e-n + 61PCV1(p1/ q 1))

H ow ever, (2.2.20) shows th a t, in the price approach , Le, the m easure of the firm s’ 

oligopoly pow er, depends upon: (1) firm  l ’s ow n-partia l price elasticity  o f dem and, e„ < 0; 

(2) firm  l ’s partial cross-price  elasticity  o f dem and, e12 > 0; and (3) firm  l ’s conjectural

1M ichael A. Spence.(1979). "Entry , Capacity, Investm ent and O ligopolistic Pricing." The 
Bell Journal o f Econom ics: 534-44.

2See the derivation , A ppendix  1.6.

3See A ppendix  1.6.
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elasticity , C EV Interestingly enough, these results d iffe r  from  those o f the quan tity  approach 

w here, fo r exam ple, A ppelbaum  (1982) shows that the L erner index  (Le) depends only upon 

"the inverse dem and elasticity and  the conjectural elasticity." (p. 290).

Now that the L erner index has been discussed, it w ould be usefu l, as suggested earlier, 

to analyze the conjectural price elasticity  o f dem and o f  firm  1 w hich is defined  as:

C E 1 = (dp2/ d Pl)(Pl/ p 2) = P C V ^ p ^ p j)  (2.2.22)

A sim ilar m easure exists fo r firm  2. Param eter C E 1 (See A ppendix  1.7) may also be w ritten 

as:

C E1 = (R-|/R 2) (L e ./L e ,)  (e12/ e 21), (2.2.23)

where R  means total revenue, Le is the lerner index, and e12/e 21 is a ratio  o f partial cross­

price elasticities o f dem and.

N otice that the con jec tu ra l elasticity  consists o f  the p roduct o f three ratios: (1) the

ratio  o f total revenues o f firm  1 and  firm  2; (2) the ratio  o f the L erner indexes o f the two

firm s; and (3) the ratio o f the partial cross-price  elasticities w hich m ay be rew ritten  as 

(Si»p2/qi)/(52»p1/q 2). All three ratios are in the order firm  1 to firm  2. T he trea tm ent of 

con jectu ral elasticity (CE) as a param eter will be fu rth e r discussed in Section 3.1.

Following K am ien and Schw artz (1983), it is w ith in terest that this au tho r returns to 

(2.1.1) o f Section 2.1 which gives perceived product d iffe ren tia tion . For convenience, the 

equation is repeated below:

1-PCV 1 = ( l-Q C V 1)( l-p ) /[ l+ (N -l)Q C V 1.p] (2.1.1)

where PCV1 = dp2/dp.,; QCV1 = d q 2/dq.,; 0 < p = (3p1/3 q 2)/(3 p 1/3 q 1) < 1; N = the num ber of 

firm s. E quation (2.1.1) relates PCV to QCV, a relationship in fluenced  by the num ber o f firm s 

N in the industry  and by the ratio , p. For a K am ien and Schw artz duopoly, the denom inator 

o f (2.1.1) reduces to (1 + Q C V ^p), resulting in PCV and QCV having the same upper and 

low er bounds o f 1 and -1 , respectively. This means that, in the lim it, firm s will be expected 

to engage in m atching behavior in both p and q if  the K am ien and Schw artz special defin ition
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o f sym m etry is applied. But, here, a m ore general defin ition  is used, yielding 1 as the upper

bound w ith  the lower bound undefined  as previously shown.

Finally , since dem and elasticities play an im portan t role in en try  decisions, this has 

im plications fo r w elfare analysis. For it is dem and elasticity  w hich determ ines the d irection  

o f change in  prices, in  ou tpu t and  thus in  the allocation o f  resources. H ow ever, as Spence

(1979) observes, the sign o f the e ffec t m ight be negative o r positive.

In Section 2.3 which follow s, a price reaction approach will be in troduced . This will 

be follow ed by a sum m ary in Section 2.4 to com plete the theory  o f oligopoly fo r this study.
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2.3 A Price Reaction Approach

The price reaction function model includes: (1) f irm  i’s p rofit  maximization problem;

(2) the f irst order conditions from  (1) above; (3) equilibrium  where constant me, equals cmr,;

(4) price reaction functions from  (2) and (3) above; (5) <j>n, the coefficient of p2 and a direct 

measure o f  collusion; (6) collusive PCV, < 1, depending upon elasticities of demand. For 

K am ien and Schwartz symmetric f irm s with identical costs and demands, perfectly collusive 

PCV, = l ;1 (7) perfectly competitive PCV, = [(B , -  S j ) / ( - B j  + 5,)] < 0 for QCV, = -1 and 13 >  6 

as assumed, i £ j; (8) independent pricing if  PCV, = 0; and (9) unbiased conjectures of 

independent pricing if  conjectures are consistent. However, for symmetric firms as defined 

in this study, the lower bound o f  the perfectly competitive PCV, is undefined, as previously 

explained in Section 2.2.

With PCV., = dp2/ d p 1 for G E  and Wh as a duopoly, observe that, a lthough f irm  1 is 

making conjectures about p 2, actual p2 should be and is included in reaction function (2.3.10) 

and in the general form  o f  the f irst order conditions (2.3.7) below. It follows that these 

conjectures are not Stackelberg (1952) in prices. This is because reactions do depend on 

conjectures.2

Conjectures are necessary since firms do not usually know the slopes of rivals’ reaction 

functions. But this should not be interpreted to mean that firms make wild guesses about 

rivals’ behavior. On the contrary, the notion o f  consistent conjectures implies a rivalry based 

on inform ed, hardheaded surmise.

Perhaps, it would be as well to clarify the meaning o f  the term consistency in this 

context. Suppose for a moment that f irm  l ’s conjec ture  were w ritten  as PCV., = f i^p .,) ,  where 

f*-i(Pi) = P2- This sums up how firm  2 will react to changes in pv Then consistency or rational

1See Appendix  1.2 and Table 2.1.2.

2See Bresnahan (1981), op. cit., for a parallel argum ent with quantity as the strategic 
variable. Note, however, that Stackelberg models are o ften  presented in a reaction-function  
fram ew ork to explain oligopoly behavior.



65

or rational behavior would require that f t ^ P i )  be equal to d p 2/d p j ,  the total derivative o f  p2 

in terms of p l5 and, similarly, that fi2’(p2) be equal to d p 1/ d p 2.1

Put d ifferen tly , since firm s do not know the actual slopes o f  their rivals, they devise 

strategies to attain the next best alternative, conjectural slopes, refe rred  to in the literature 

as conjectural variations which may be constant slopes o f  linear functions or variable slopes 

of non-linear functions. Consistency is o f  singular importance among oligopolistic behavioral 

assumptions. When conjectures are consistent, they are necessarily in a  state o f  equilibrium .2

But K am ien  and Schwartz (1983) show that imposing consistency on CVs does not 

necessarily translate into a significant restriction on the equilibrium  results. What it does 

translate into, these authors point out, is a restriction on the form o f  the dem and curve.

So for G E and Wh, a consistent price conjectural variation equilibrium  (CPCVE) is 

here defined for equilibrium  prices p* and price conjectures (PCV 1(p1), PCV2(p2)) for firm  

1 and for f irm  2, respectively, such that both firms accurately determ ine each o ther’s price 

reaction levels. F irm  l ’s actual behavior is given by price reaction function P R l5 and Firm 

2’s by PR 2. This defin ition  holds for all prices Pj in the neighborhoods of Pj and p2. More 

formally:

P l* = PR 1(p2*); p2* = PR2(P l*) (2.3.1)

P C V ^ p ^  = a P R 2(P l) /5 Pl (2.3.2)

PCV2(p2) = 3 P R 1(p2) /a p 2 (2.3.3)

where the conditions given in the last two equations apply to all P; in the neighborhoods of 

p x* and p2*, respectively. Equations (2.3.1) to (2.3.3) together imply a Nash equilibrium .3

1Friedm an, op. cit.

2Bresnahan (1981), op. cit., shows that Bertrand but not Cournot equilibria are consistent.
Also, Friedm an (1983) is of the view that the price approach cannot define Cournot equilibria 
for oligopolies with PCMs > 0. (Notice that, in Table 2.1.2, only QCVs appear for Cournot 
equilibria).

3Bresnahan (1981), op. cit.
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In the quantity  approach, the slope of a profit m axim izing f i rm ’s reaction function 

measures the rate of change in that f irm ’s equilibrium ou tpu t,  in response to a change in a 

rival f i rm ’s output. But K am ien  and Schwartz (1983) show that  the constant slopes of the 

linear reaction functions fo r  heterogeneous goods suggest the existence o f  a constant CPCV. 

As these authors point out, the assumption of linear demands fo r  EM I requires that:

PCV., [q2 + (p - c)(q21)] + PC V 1[2ql + (p - cXq^ + q22)]+ q 2 + (p - c )q12 = 0 (2.3.4)

must be satisfied in o rder  fo r  a constant CPCV to exist. This equation  defines a symmetric 

equilibrium  which may or may not exist. If it does exist, then  economic sense requires, 

according to K am ien and Schwartz, that equilibrium price be g reater than  zero and that a 

constant CPCVE in the interval (-1 , 1), where E refers to the state o f  equilibrium, is 

de term ined  by the jo in t  solution o f  the first order conditions given in (2.3.4).

A lthough PCVs and not QCVs are of particular in terest in this study , some further 

comparisons with QCVs will prove to be enlightening. For exam ple, given a sim ilar approach 

in regard to CQCVE, the requ irem ent would be for q > 0 and fo r  a constan t CQCV E such that 

-1 < CQ CVE < 1. Both approaches demonstrate, as K am ien  and  Schw artz  point out, that 

firm s normally expect only partial responses from rivals to bo th  price  and ou tpu t  changes. 

But, more importantly , equilibrium  m arket price and quantity , p* and  q*, respectively, are 

the same fo r  both approaches if  conjectures are consistent.

In terms of the price approach, the expected result is PCV e ( - 1,1) and, for the quantity 

approach, -1 < QCV < 1 i f  conjectures are consistent. H ow ever, with linear dem and, constant 

CPCVE equals constant CQCVE in absolute value, a result not assured for nonlinear demand.

Thus, a price increase evokes only a partial positive response from  the rival f irm  while a

quantity  increase draws a partial response of cuts in p roduction .1

T he degree of heterogeneity  is important to the de te rm ina tion  o f  the level of rivals’ 

responses. These responses decrease in heterogeneity and increase in homogeneity. This

1K am ien and Schw artz, op. cit. Also see Table 2.1.2.
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means that, as goods become more and more d ifferen tia ted , the less will a price change be

followed and the less will a quantity  change be offset. But keep in m ind, as indicated in

Section 2.1, that perceptions o f  d ifferen tia tion  rest w ith  the consumer.

Also important in applying the notion o f  consistency to m arket equilibria  in price

conjectures is the question of uniqueness of the equilibria. This is assured in linear demand

models i f  marginal costs and PCVs are constant. Indeed, the atta inm ent o f  a constant

consistent conjectural variations equilibrium  is the a tta inm ent of a unique equilibrium. But,

the weakness in the theory lies in the possibility that such an equilibrium  may not indeed exist

and that, even if  it existed, then there is no assurance that a given study would be able to

match the oligopoly solutions to world conditions.1

The questions just raised about rivals’ responses and conjectures may be captured  in

reaction functions which map the paths o f  any two firm s o f  an industry  (as is the case with

G E  and Wh) moving towards a common equilibrium  where the choice variable (p or q) should

be positive. But, as Waterson (1984) observes, these paths do not define all possible equilibria,

and some economists have begun to pay attention to equilibria  which are not associated with

reaction function paths.

Proceeding with the reaction function model, this study mostly follows L iang’s (1988)

technique (this author’s notation). F irm  i’s p rofi t  maximizing problem is:

Max 7T, = p,q, - C^q,) -  F„ i = 1 (2.3.5)
Pi

subject to

q, = a, - BjP, + 0v, + 5|Pj, i #  j ,  (2.3.6)

where C means production costs, F means fixed costs, and a, 13 and S are parameters. 

Rearranging the first order conditions for f irm  1 gives:

1For example, see Timothy Bresnahan.(1982). 'T h e  Oligopoly Solution Concept Is 
Identified." Economic Letters 10: N orth Holland Publishing Company, 87-92. Regarding the 
comm ent about constant marginal cost and constant PCVs, this study o f  EMI assumes that me, 
are constant across firms but places no such restrictions on the PCVs.
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q 1 + (pn -  m c g t-  B1 + ^ P C V ,]  = 0 (2.3.7)

with marginal costs me., assumed to be constant, and with -B., + ^PCV., = 3q1/5 p 1 from  (2.3.6).

Thus (2.3.7) becomes:

q., + (Pt - m c ^ d q ^ d p ^  = 0 (2.3.8)

From (2.3.7), m c1 can be written as:

me, = p, + [q, /  (-B, + ^P C V ,)]  (2.3.9)

Now enters the price reaction function which, formally, can be written  as:

PR,(p,) = PR,(Pj, mc„ v), i * j ,  (2.3.10)

In terms o f  f irm  1 (GE), (2.3.10) in econometric form  becomes:

PR^P;,): Pt = 01O + <f>̂ p2 + 012mc., + 013v., (2.3.11)

where 01O to 013 are functions of the coefficients of the d irect dem and curve as given in

(2.3.6). Generally, the 0’s have L erner- index  properties and are d irect measures of price 

interdependence, measuring the response of p, to changes in rival price Pj. The 0’s are defined

as:

0n = -V (-2B , + fi,PCV,) (2.3.12)

Since the 0’s have L erner- index  properties, it would be interesting, therefore, to 

compare the Lerner index written in the form:

Le, = (p, - mc,)/P| = - l / ( - f l ,  + tf,PCV,)(pl/ q l) (2.3.13)

(see derivation in A ppendix 1.6) with the coefficients o f  the reaction function given above in

(2.3.12).

The denominators in (2.3.12) and (2.3.13) provide the links between Le, and 0n. For 

example, changes in PCV,, and in B, as well as in 5, have implications for the behavior o f  the 

measure of oligopoly power (Le,) and for the direct measure o f  price interdependence or 

collusive price-setting  (0n).
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Analysis of these relationships is precisely the m ajor  goal o f  this study. Immediately, 

the partial derivatives o f  (2.3.12) and (2.3.13) are enlightening. Specifically, given me, is 

constant, then:

(1) 3 ^ /a P C V ,  and 3Le,/3PCV, show that <f>n and Le, are increasing in PCV,;

(2) 30n/3B, and 3Le,/3B, show that <j>n and Le, are decreasing in fl,;

(3) 90n/36| and 3Le,/3<S, show that changes in <j>n and in Le, are > or < 0 as PCV, are > or < 0. 

Also notice that (-1 < PCV., < 1) implies that both <j>n and Le, are > 0.

It is also theoretically revealing to derive 3p,/3PCV,, in param etric  form , holding me, 

constant. Thus, from:

me, = p, + [q,/(-13f + «,PCV,)] (2.3.9)

the result obtained is:

3p|/3PCV, = 6,(a, -  B,p, + 0,v, + ^ / ( - p ^ P C V , ) 2 (2.3.14)

(See Appendix  1.8). It can be shown that, in order fo r  own price to increase in the price 

conjectural variations of f irm  i ( that is, for f irm  i’s reaction function  to shift  to the right), the 

condition me, < [(Q|+fl|Vi+6ipj)/Bl] must be met (See Figure 2.3.1 and Appendix  1.9).

One of two remaining theoretical questions of this s tudy relates to determining what 

hypotheses will be tested and to setting for those tests param etric  benchmarks that are widely 

accepted or that are defensible, given the state o f  the art and given the goal of establishing 

whether EM I practiced collusion in prices over the period 1956-62. Two o f the many studies 

surveyed for this paper satisfy all the elements o f  this question. First, K am ien and Schwartz 

(1983) have suggested that, for a heterogeneous price approach, tests fo r  rivalrous, Bertrand 

and collusive behaviors are feasible. These authors have also suggested benchmarks which are 

given in detail in Table 2.1.2 in Section 2.1 above. Second, Liang (1988), also using a 

heterogeneous price approach, has proposed feasible tests for rivalrous and for collusive
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p2

p2

p 1

igure 2.3.1. Collusion Tends to Raise Equilibrium Prices

Note: Collusive price equilib irum  (Ec) > competitive price equilibrium  (Epc), given reaction 
curves R : , R 2 and R ^ .
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behaviors. These details are also given in Table 2 .I .2 .1 This question will again be taken up

when the econometric model is presented in Section 3.

The other remaining theoretical question relates to determ ining  w hether the price

conjectural variations, the crucible of studies o f  this sort, are rational. K am ien  and  Schwartz

(1983) as well as Liang (1988) have dealt w ith constant consistent price conjectural variations

(constant CPCVs). Kam ien and Schwartz write:

For d ifferen tia ted  goods, we shall show that constant conjec tura l variations 
can be consistent in d iffe ren t  circumstances. Consistent constant conjectural 
variations in quantities may, but need not correspond to consistent constant 
conjectural variations in prices. To support this suggestion, we show that in 
an oligopoly facing linear dem and, consistency in price conjectures 
corresponds exactly to consistency in quantity  conjectures....in a duopoly 
facing loglinear demand, there may be consistent constant conjectural 
variations in quantities but none in prices. In this case, consistent conjectural 
variations may not be constant.2

Liang (1988) defines consistent conjectural variations [this au tho r’s and not Liang’s 

notation] as:

CPCV, = -B(Bj + [(13,13,)(13,13, -  5 ,5,)]V (-13,5|) (2.3.15)

This result is achieved by first rewriting (2.3.10) in the form:

PRj(P,) = PR,(Pi, me,, v) (2.3.16)

so that PCV, may be defined as:

PCV, = 3PR ,/5Pi, i * j ,

The partial derivative yields:

PCV, = -«,/(-2B, + «j0n)

or

PCV, = -5j/[-213, + 5,(-V(-213, + 5,PCV,))]

The solution for f irm  1 by means o f  the quadratic  form ula is:

(2.3.17)

(2.3.18)

(2.3.18’)

in c id e n ta l ly ,  Table 2.1.2 also reports quan ti ty -approach  results given by Gollop and 
Roberts (1979), Bresnahan (1981), and Appelbaum  (1982).

2K am ien  and Schwartz, op. cit., p. 206.



CPCV1 = - B ^  + [(B1I32)(B1B2 - 

This price reaction function model in the Liang (1988) mode is complete.
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(2.3.19)1

1See Liang, op. cit., and A ppendix  1.10.
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2.4 Summary

In terms o f  empirical studies, a basic theoretical model may be said to be complete if 

it provides a suitable fram ew ork for building an econometric model in which to estimate 

parameters pertinent to the purpose of those studies. The basic model in Section 2.2 does just 

that for this study.

The econometric model may essentially be built within the fram ew ork  provided by 

equations (2.2.1), (2.2.2) and (2.2.9). These equations, in the order above, are: (1) the f irm ’s 

direct linear demand function; (2) the f irm ’s input demand function; and (3) the f irm ’s first 

order conditions from the jo in t-p rofit-m axim iza tion  problem given in (2.2.7’). A jo in t-  

profit-m axim ization problem is chosen because an a ttem pt is being made to detect collusion 

in EMI between G E and Wh.

Just as Section 2.2 grew out of Section 2.1, so will Sections 3.1 and 3.2 grow out of 

Sections 2.2 and 2.3. But, Section 2.3, which presents an alternative procedure in the form 

of  a price reaction function model, is not a f ifth  wheel. For it can be used either for 

confirmation of the results emanating from the original s tructure o f  the three equations just 

cited, or it can be used as the model for detecting collusion in the industry.

Both theoretical fram eworks are translatable into econometric models to test for 

structure, conduct and perform ance (S-C-P). Both have supporters and detractors. But both 

represent s ta te -o f - th e -a r t  I.O. economics and are providing useful insights which should 

promote fu ture  theoretical advancement.

In regard to the price reaction function approach, the core of the theory is captured 

in (2.3.6), (2.3.9) and (2.3.10). In that order, those equations give firm  i’s d irect linear demand 

curves, the first order conditions and the price reaction functions. Overall, Sections 2.1 

through 2.3 have provided an oligopoly theory for econometric testing in Sections 3.
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3.0 Econometric Model

3.1 Overview

In the preceding two chapters, the theoretical foundations were laid for the 

development of the econometric model of this chapter. This relationship, however, is one of 

synthesis since theoretical formulations depend upon empirical structure  for the seal of 

approval. For, as G ujara ti  points out, "...it is econometrics that gives content to most 

economic theory."1

To this end, two frameworks were presented in Section 2.4 as suitable oligopoly 

theories for empirically testing, most of all, whether EMI engaged in collusion over the period 

1956-62. The first option, given by equations (2.2.1), (2.2.2) and (2.2.9), would have been 

pursued by this author if firm -sensitive  disaggregated cost data were available for this study. 

But they were not.

So the second option in the form of a price-reaction model will be presented here 

since this option does not require the formulation of a total cost function  and the subsequent 

estimation of marginal cost. It is an alternative that is desirable and efficient, given the state 

of the art. It uses equations (2.3.6), (2.3.9) and (2.3.10) as the basis for specifying an 

econometric model to capture the m arket behavior of EMI over the chosen period. It 

therefore attempts to fulfill the m ajor purpose of this paper.

The price reaction model will take the form of a simultaneous equation system for 

estimation. A potential estimation problem in this study might seem to stem from  the fact 

that an arbitrary choice had to be made of a sample period and of the firms to be analyzed. 

Rose and Joskow (1988) recommend Tobit estimators as a means of removing any bias 

introduced by arbitrary selection or by censoring.2 However, data availability and the timing

: Gujarati,  Damodar N.(1988). Basic Econometrics 2ed. New York: M cG raw -H ill  Book 
Company.

2Rose, Nancy L. and Paul L. Joskow.(August 1988). "The Diffusion of New Technologies: 
Evidence from the Electric Industry." NBER Working Paper no. 2676: 1-49.
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of the indictments of EMI dictated the period chosen, and the only two firms of EM I that 

would have qualified as having the m arket power of a duopoly were G E and Wh, the firms 

under study in this paper. This author therefore regards the Rose and Joskow concerns as 

generally valid but inapplicable to this study.

As is the case with a large body o f  economic research, the regressions of this paper 

will be form ulated  as analysis-of-covariance models which means that both quantitative and 

qualitative variables will appear in the equations. The capturing of qualitative effects is 

assigned to dum my (binary) variables which will be shown to be almost "every bit as 

important as the quantitative variables."1

It is expected that each of the e ight d iffe ren t dum m y variables d istr ibuted among the 

equations to be reported will perform  significantly in one or more situations. Indeed, they 

are designed to tell an important story about the qualitative influences which apparently  

affected the behavior of EMI during 1956-62. These influences include: innovation in the 

form of the diffusion in 1956 of 2400 PSI technology which is discussed by Rose and Joskow 

(1988);2 the 1960-61 U.S. economic recession; the 1956-57 residual effects o f  the EMI white 

sale of 1955;3 the EMI recession-curn-indictm ents  of 1961; and seasonal effects. Regarding 

innovation, it is expected that the "process" innovation referred  to immediately above, which 

reduces production costs,4 will significantly affec t  the prices and quantities dem anded of 

G E ’s goods (GE being the dom inant f irm  of the duopoly), but will have a lesser effec t  on 

Wh’s prices and quantities demanded. As Scherer (1980) explains:

G u ja r a t i ,  op. cit., pp.434, 21.

2Rose and Joskow, op. cit. These authors studied the effects of the d iffusion  o f  steam 
electric generators involving 2400 PSI (pounds per square inch) technology for conventional 
units as compared to generators yielding more than 3206 PSI for supercritical units.

3Tomic, op. cit.

4T irole, op., cit., p .389.
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...large producers have an advantage in making process innovations. A new 
process that reduces costs by a given percentage margin yields larger total 
savings to the company producing a large volume of ou tpu t than to the f irm  
whose output is small. As a result the large f irm  presumably has stronger 
incentives to develop such improvements.1

Scherer concludes that, although tight oligopoly is less likely than pure monopoly to 

innovate, a rise in in tra-industry  rivalry might lead to the acceptance of new initiatives.2 

So this s tudy’s confidence in the inclusion of innovation in dem and3 an d /o r  price equations 

of the model is fu rther  sustained by Denison’s (1974) f ind ing  for the U.S. economy that, 

between 1929 and 1948, innovation explained 48 percent o f  the rise in labor productiv ity  as 

compared to 12 percent of the rise being explained by capital intensity.4

Regarding the use o f  other dum my variables, this paper fu r the r  expects that: (1) the 

U.S. 1960-61 economic recession and the 1961 EMI recession will show significant demand 

effects for the goods of both GE and Wh; (2) the residual e ffec t  in 1956-57 of the white sale 

of 1955 might be significant for Wh alone since, in the f irm s’ documents researched for this 

paper, only Wh refers to any such residual effect; (3) seasonal effects should be similar for 

the two firms.

Seasonal dum m y variables are popular with I.O. economists who attach them to tim e- 

series variables to remove seasonal influences exerted on the intercepts of linear models of 

industries and of firms.5 Indeed, a visual examination of the data for G E and for Wh 

suggests the presence of seasonal influences on the duopoly’s behavior. Thus, seasonal dum m y

S c h e re r  (1980), op. cit., p.414.

2Ibid., pp.428-29.

3The positive response of innovations to increasing dem and is "dem and-pull innovations." 
See Scherer (1980), pp .429-30.

4Denison, Edward F.( 1974). "Accounting for U nited  States Economic Growth, 1929-1969." 
Washington, D.C.: Brookings Institution: 131-37.

5Kennedy, Peter.(1986). A Guide to Econometrics 2ed. The M.I.T. Press, Cambridge, 
Massachusetts: p. 185.
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variables are introduced here to capture any such periodic behavior.1 A detailed discussion 

of the significant dum my variables will be given in Section 3.3 when the data are discussed. 

Table 3.2.1 of Section 3.2 provides a description o f  the e ight dum m y variables.

The use of a combination of quantitative and qualitative variables requires extra 

caution in the specification of the equations of the econometric  model if  the problem of 

multicollinearity is to be taken seriously and is to be avoided. For example, correlation tests 

in the preliminary stages of specifying the demand equations and the p rice-reaction  functions 

of this study reveal that the dum m y variable assigned to capture  residual white sale effects 

is perhaps too highly correlated with, not only the 2400 PSI technology dum m y variable 

(r=0.64), but also with two of the better proxies for marginal cost developed by this study: 

wwpbq (-0.72) in regard to panelboards and wwcbq (-0.66) in regard to c ircuit breakers. Yet, 

strangely enough, wwsgq, the corresponding switchgear m arginal-cost proxy, does not have 

this problem.

But the formulation of marginal cost in itself is a perennial problem to many 

economists using disaggregated instead of annual industry  data. A num ber of theoretically 

feasible techniques have been suggested over the years by various economists. O f those tried 

here on the basis of the likelihood of their being successful candidates to serve as proxies 

specific to EMI, only two, as shown by preliminary tests, are expected to return what this 

author considers to be an acceptable level of performance. One is this au thor’s adaptation of 

Bresnahan’s (1989) verbal interpreta tion2 of Hall’s (1986) proxy for marginal cost.3 The 

other is quarterly  wages of workers in the industry. The firs t  proxy, as Bresnahan points out, 

is really average incremental cost (AIC) defined for an industry experiencing long run

xPindyck, Robert S. and Daniel L. Rubinfeld.(1976). Econom etric  Models and Economic 
Forecasts. New York: M cG raw -H ill  Book Company, pp .83-84.

2Bresnahan (1989), op. cit.

3Hall, R.(1986). "The Relationship between Price and Cost in U.S. Industry." M imeo.
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constant returns to scale as "the wage rate times the change in labor demand divided by labor’s 

share in cost...." Bresnahan fu r the r  indicates that this approach "has been largely implemented 

on aggregate data," and will represent marginal cost quite well if  and only i f  marginal cost is 

f la t.1 Thus, using this paper’s notation, marginal cost is defined for, say, panelboards as: 

mcpbq = [(hwpwq*cmhwpb)*(clpbq+ckpbq+cmpbq)]/(clpbq*1000) (3.1.1)

where the good is denoted by pb, q means quarterly, cmhwpb gives the change in m an-hours 

worked, hwpwq gives hourly wages per worker, and the sum of clpbq, ckpbq and cmpbq is 

the total cost of labor, capital and materials in the production of the good. Similar 

formulations apply to this notion o f  marginal cost for circuit breakers (using cb in place of 

pb) and for switchgear (using sg in place of pb). Multiplying by 1000 in the denominator is 

the same thing as dividing marginal cost data by 1000 to match similar m anipulations of the 

data base for purposes of tractability.

The second proxy for marginal cost is defined as:

mcpbq = wwpbq/1000 (3.1.2)

or simply quarterly wages of workers producing panelboards, and similarly for circuit 

breakers and for switchgear. The previous explanation o f the reason for dividing by 1000 also 

holds for this formulation which was intuitively tried by this author.

It is expected that both formulations will perform reasonably well for this industry 

when the full model is estimated. Indeed, making a choice between (3.1.1) and (3.1.2) on the 

basis of trial results was not at all c lear-cut. But, in terms of the major goals of this study, 

equation (3.1.2) is regarded as the better proxy for marginal cost. Nevertheless, as will be 

explained at a later stage, both approaches will play separate roles in this study.

Another technique for econometrically estimating marginal cost when specific 

marginal cost data are unavailable for a given industry (as is usually the case) is referred  to

1Bresnahan (1989), op. cit., p .50.
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by Bresnahan (1989) as "cost and factor demand function estimation using flexible functional 

forms." Here, marginal cost data are generated from total costs or from  factor dem and data.

The rationale for using this technique is that economic theory treats costs as a dual of 

production. The two steps involved are: (1) using factor demand equations which are the 

derivations of total costs with respect to factor prices [xt = C w(.)], where C(.) is homogeneous 

o f  degree 1 in w; (2) observing marginal cost derived from  rates of change in outpu t and in 

labor inpu t.1

Now since GE and Wh were large firms over the period under review, their data may 

be regarded as covering aggregate m ulti-m arke t activity. Thus, some degree of arbitrariness 

would have been involved in the allocation of costs2 to the goods produced by these firms 

if both firms were not active in the same markets. However, the indictments brought against 

these firms in 1961 have confirmed that the two firms were active in the same m arket for the 

goods under review in this study.

Equally important as the elements of the econometric system to be estimated is the 

soundness o f  the approach chosen to estimate the model. In previous chapters, this paper has 

unequivocally expressed its rationale for defining price as the control variable. It recognizes 

that the occurrence of price reactions in an oligopoly m arket depends upon the conditions and 

upon the degree of competitiveness in the market. For example, oligopolists are expected to 

adjust prices downward during recessions to maintain m arket share, but are reluctant, in the 

absence of collusion, to increase prices during booms since rising prices might lead to a loss 

of m arket share.

b re s n a h a n  (1989), op. cit., pp .48 et seq. Also see Gollop and Roberts (1979) as well as 
Appelbaum  (1972, 1982) re step (1), and Hall (1986) re step (2).

in c id e n ta l ly ,  it should be noted that the choice of any proxy for marginal cost has 
implications for the evaluations o f price-cost margins and, by extension, for the specification 
of the Lerner index (Le). For example, using Bresnahan’s (1989) AIC would yield Le = (P- 
AIC)/P.
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Given that EMI’s goods are assumed to be d iffe ren tia ted ,  then in the absence of 

collusion, significant price differences should prevail in tha t  industry  as firms choose prices.1 

It is in the spirit of  this argument that both price and quan ti ty  approaches are justif ied .2 

Thus, the job  at hand now is for this study to select a suitable econometric model and 

procedure for estimating m arket structure in EMI, using the price approach.

The full model will be specified in Section 3.2 which follows. In regard to the choice 

of procedure, it should be noted with interest that Iwata (1974) argues that the ordinary  least 

squares (OLS) procedure is inappropriate for estimation o f  oligopoly models with price as the 

dependent variable unless the model is in reduced form .3 But also to be noted with interest 

is Fisher’s (1961) observation that it is all right to use price as the dependent variable for tight 

oligopoly since price v/ould normally be constant for a t least a year.4 These conflicting views 

are only anecdotal to this study since estimation of a p rice-reaction  model will be 

accomplished, not by the OLS procedures, but by using two d iffe ren t  procedures: (1) three 

stage least squares (3SLS) which accounts for cross-equation correlation of the error terms;

(2) AR1, a regression technique which also corrects for au tocorrelated  errors.5

In Section 3.2, the 3SLS procedure will be applied to the estimation o f  the 

simultaneous econometric system developed there. 3SLS is o f ten  used by researchers where 

endogenous variables appear on the right hand side, and where it is likely that serial

1Friedm an (1983), op. cit., p.l 1.

2See the K am ien and Schwartz (1983), op. cit., reference to Bertrand’s "classic criticism" 
of Cournot’s choice of quantity instead of price as the strategic variable, pointing out that 
choice itself influences the expected outcome, (p .194).

3Iwata (1974), op. cit.

4Fisher, F.M.(1961). A Priori Information and Time Series Analysis. Amsterdam: N orth -  
Holland Publishing Company.

5Beach, Charles M. and James MacKinnon.(1978). "A M axim um  Likelihood Procedure for 
Regression with Autocorrelated Errors." Econometrica 46: 51-58. Note that, as a rule of 
thumb, time series data are more subject to autocorrelation than cross-sectional data.



correlation exists since 3SLS accounts for "the covariances across equation disturbances." A 

facilitating feature of 3SLS is that it precludes the need for complete specification of the 

simultaneous model in order to obtain consistent estimates from  regressions. In addition, the 

3SLS estimator is "asymptotically efficient" if the simultaneous system is linear in the variables 

and in the coeffic ients1, as is the case in this paper’s model.

More efficient than single-equation estimators, 3SLS directly  obtains price conjectural 

variation estimates (PCVs) by imposing cross-equation restrictions (CERs)2 on the price 

reaction functions. It is im portant to note that, while conjectural variations in quantities 

(QCVs) exist only in homogeneous cases, PCVs exist both in homogeneous and in 

heterogeneous cases.

Unlike the 3SLS-cum -C E R s approach, AR1, which in TSP is a m axim um  likelihood 

(ML) estimator, cannot directly yield PCV estimates. This is because the AR1 estimator using 

instrumental variables is a tw o-stage least squares (2SLS) estimator w ithout CERs which are 

essential to the process of directly estimating PCVs. But since AR1 directly provides other 

efficient estimates where f i r s t-o rd e r  serial correlation exists in simultaneous systems, it will 

be used here in conjunction with conjectural elasticities (CEj) to make inferences about 

market s tructure if and where the 3SLS procedure fails to yield significant PCV estimates for 

panelboards, circuit breakers or switchgear.

In addition to this surrogate role for the AR1 estimator, AR1 results will be presented 

for purposes of comparison with the reported 3SLS-c u m -C ER s results. Both procedures will 

use the same data base. Indeed, an important feature  of this study is that the attempt 

econometrically to define the m arket structure of EMI over the period 1956-62 will not 

exclusively depend upon the estimates of PCVs. Apart from  the regression results to which

1Hall, Bronwyn H., Rebecca Schnake and Clint Cum m ins.(1986). TSP Version 4.1 
Reference M anual. TSP International: Stanford, California.

2CE R s are also referred  to in the literature as cross-equation constraints (CECs).
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precedence will be given, descriptive statistics, charts and graphs will be presented in support 

o f  both theoretical and econometric findings.

So Section 3.2 is now being introduced. Its purpose is to translate the theoretical price 

reaction model given by the equations (2.3.6), (2.3.9) and (2.3.10) into an econometric model 

for testing hypotheses related to structure, conduct and perform ance in EMI. The 

econometric model will be subjec t to all pertinent propositions and caveats outlined in this 

section.



83

3.2 The Empirical Model

The econometric model to be presented in this section is predicated on the notion that, 

over the period 1956-62, a duopoly within EMI comprised o f  GE and Wh as F irm  1 and Firm 

2, respectively, were serving the same markets and dom inated the industry in the production 

and sale o f certain goods. Three o f these goods, panelboards, circuit breakers and switchgear, 

have been selected for testing, among other things, the hypothesis of duopolistic collusion. 

The choices of goods to be modeled and of the period o f  s tudy are based only on data 

availability.

So given two firms and a decision to use quarterly  data, two demand and two price- 

reaction models will be econometrically estimated for each o f  the three goods. Very 

importantly, as Slade (1986) observes,1 reaction functions must be carefully form ulated 

before being estimated if they are to yield accurate p rofit-m axim izing  results. In particular, 

Slade calls for accurate identification of slopes and of intercepts in the econometric models, 

and for researchers to be sure that industry PCVs are not equal to zero before this approach 

is tried.

The import of Slade’s observation is that p rofit  maximization is a given and that 

economists who use reaction functions to study firms must account for this given in their 

modeling. Although following Slade’s recommendation can only be beneficial to researchers, 

it should be pointed out that many modern economists have shifted away from  the ideal of 

profit maximization.

Anyway, the model specified in (3.2.1) and (3.2.2) is such that all dem and and price- 

reaction functions are linear both in the parameters and in the explanatory variables. This 

means that all the parameters, including the PCVs, and explanatory variables are raised to the 

first power.2

JSlade (1986), op. cit.

2G ujara ti (1988), op. cit., p .31.
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With a change of notational form, this paper now presents the general dem and and 

price-reaction models for any one of the three goods as:

di = a0i + bjPi + d;Pj + t;vj + ei (3.2.1)

Pi = f io + f iiPj + f i2mci + f i3R + f i4Vi + ui (3-2.2)

where: i = 1,2 (i*j) represents G E and Wh, respectively; the dependent variables q; are

quantities demanded; the variables Pj are transaction prices; the v; are real gross national

product (RG N P) used as dem and-sh if t  variables; m c; are marginal costs which d iffe r  by goods 

and not by firms; R is the real interest rate (the m arket yield on th ree-m onth  treasury bills); 

ej and Uj are disturbance terms in the demand and p rice-reaction  equations, respectively.

As explained in Section 3.1, the two procedures being used to estimate the models are 

three-stage least squares (3SLS) and AR1. The 3SLS approach corrects for cross-equation 

correlation.1 Furthermore, for systems like this which are linear in both the parameters and 

the variables, the 3SLS procedure yields asymptotic eff ic iency .1

3SLS results are not only efficient but they are often  reassuring. For once 3SLS 

convergence is achieved, this implies that all equations are identified.2 The procedure 

requires that cross-equation restraints (CERs) be imposed here on (3.2.2), the price reaction 

functions. The CERs to be imposed are:

f i0 = - a oi/(-2bi + d ;PCVj) (3.2.3)

fu  = -d j/(-2b j + djPCV;) (3.2.4)

f i2 = ( bj + d iPCVi) / ( -2 b i + djPCVj) (3.2.5)

f i3 = - m i/ ( - 2 b i + djPCVj) (3.2.6)

1Pindyck and Rubinfeld  (1976), op. cit., p .282.

K e n n e d y ,  Peter.(1986). A Guide to Econometrics 2ed. The M IT Press: Cambridge, 
Massachusetts.

2This is so since 3SLS estimates are automatically generated from two-stage least squares 
(2SLS) estimates and 2SLS cannot yield estimates for equations which are not identified. See 
Pindyck and Rubinfeld , p.283.
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f l4 = - V ( -2 b i  + diPCVi) (3.2.7)

Put d ifferently , (3.2.3) imposes CERs on the intercepts o f  the p r ice-reaction  functions,

(3.2.4) imposes CERs on the slopes which measure price in terdependence o f  the firms, and

(3.2.5) imposes CERs on the parameters of marginal costs, while the  last two equations above 

impose CERs on the parameters o f  the real interest rate and on the dem and shift variables, 

R and v;, respectively. In this study, the CERs f i0 to f i2 will always be imposed on the 

parameters of the same types of variables; but the CERs f i3 and f i4 will be subject to 

substitutions for and to retention or complete removal o f  R  or V; or both from  a given price 

equation. Also, any increase in the number of variables in a price equation by adding, say, 

quarterly seasonal dum m y variables, as done here, will in troduce new parameters which will 

be automatically assigned appropriate  CERs because o f  the form  in which the CER 

substitutions will enter the price reaction functions.

Regarding substitutions, it should be noted that decisions m ade in this study to remove 

R or Vj or both from any equation of the system to be estimated are not as arbitrary  as they 

might appear to be. Such decisions are based more so on this au tho r’s understanding of: (1) 

the relative importance o f competing variables, given the period u nder review; (2) the dictates 

of 1.0. theory; and (3) correlations between r igh t-hand-s ide  variables.

Visual inspection of the data suggests that, for c ircuit  breakers and switchgear, the 

3SLS approach will be successful in estimating the PCVs as parameters as distinct from the 

parameters of the PCVs which will also be estimated. However this success might not extend 

to the use of that approach with panelboards. In other words, it would not be surprising if, 

for panelboards, convergence is not achieved after as m any as 75 iterations, or if, given the 

occurrence of convergence, the PCV estimates are meaningless.

Indeed, Figures III. 1 through III.9 of Appendix III show that, while reasonable and 

expected in trafirm  relationships exist between all book and transaction prices o f  each of the 

three goods, the same cannot be said for the in terfirm  relationships for panelboards. Figure
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III.9 seems to suggest that one of the following three explanations is appropriate: (1) G E and 

Wh did not serve the same markets for panelboards over the period 1956-62; (2) given the 

same markets, then the panelboards sold by the two firms were the same good only in name;

(3) the panelboards of the two firms were the same good in all respects, but the firms had 

used a very effective discount policy to create large transaction-price  differentia ls  so that 

most panelboards contracts would be collusively awarded to Wh during the period under 

review.

The first explanation is ruled out since the Courts have already established that the 

two firms served the same markets. O f the remaining two explanations, this author leans 

towards the collusive interpretation and turns to quantities sold of panelboards for supportive 

evidence. It is found that the ratio of the mean of G E ’s quantities of panelboards to that of 

Wh’s is just 0.21. Yet, this striking result, although supportive, should not by itself be 

considered conclusive evidence that the collusive explanation holds. For the panelboards 

might have been highly differentia ted . This paper will return  to this discussion in Section 3.3 

when the regression results have been analyzed.

Meanwhile, in anticipation of the possible failure of the 3SLS procedure to yield 

reportable results for panelboards, AR1 regressions with the "Fair option" added will also be 

run, using the maximum likelihood method. The AR1 estimator is expected to enhance the 

chances of obtaining m eaningful estimates for panelboards.1 If needed, the AR1 estimates 

will be used in conjunction with conjectural elasticities (CEj) to determ ine the conjectures of 

the duopoly in the panelboards market. AR1 estimates will also be presented in Section 3.3

1AR1 is a regression procedure which accounts for autocorrelated error. Estimates are 
obtained by using the ML method to impose "stationarity by constraining the serial correlation 
coefficient to be less than 1 [and by treating]...the first observation correctly rather than 
dropping it." Generally, this method converges faster than the "CORC" m ethod which may 
also be used with the AR1 procedure. See: Hall, Bronwyn H., Rebecca Schnake and Clint 
Cummins (1986), op. cit.; Cochrane, D. and G. H. Orcutt.(1949). "Application of Least 
Squares Regression to Relationships Containing Autocorrelated E rror Terms." JASA 44: 32- 
61; Fair, Ray C.( 1970). "The Estimation of simultaneous Equation Models with Lagged 
Endogenous Variables and First O rder Serially Correlated Errors." Econometrica 38: 507-16.
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for circuit breakers and for switchgear to show the degree to which the 3SLS procedure with 

CERs imposed can worsen the statistical values which are usually reported.

For convenience, this paper will now change notation once more in order to present 

the system given by equations (3.2.1) through (3.2.7) in the form  in which it will be estimated 

by 3SLS and AR1 procedures. On the one hand, the new notation for the 3SLS procedure will 

identify  the three goods sold by the duopoly (pb for panelboards, cb for c ircuit breakers and 

sg for switchgear). On the other hand, the usual AR1 form ulation and notation will be used 

to obtain separate estimates for panelboards.

The econometric model becomes:

3SL S Procedure:

qpb l = apb01+ bpb l*ppb l+ dpb l*ppb2+ zpb ll*d24 i56  (3.2.8)

qpb2 = apb02+bpb2*ppb2+dpb2*ppbl+mpb2*R+tpb2*v2+zpb21*dws567 (3.2.9)

ppb l = [ -a p b 0 1 -d p b l* p p b 2 + (-b p b l+ d p b l* P C V p b l)* m c p b l-z p b l  I*d24i56]
/(2* b p b l+ d p b l* P C V p b l)  (3.2.10)

ppb2 = [-apb02-dpb2*ppbl+(-bpb2+dpb2*PC V pb2)*m cpb2-m pb2*R -tpb2*v2
-zpb21*dws567]/(-2*bpb2+dpb2*PCVpb2) (3.2.11)

qcbl = acb01+bcbl*pcbl+dcbl*pcb2+zcbl I*der601+zcbl2*d24i56
+ddl2*dum 3 (3.2.12)

qcb2 = acb02+bcb2*pcb2+dcb2*pcbl+zcb21*dws567+dd22*dum2
+dd23*dum3 (3.2.13)

pcbl = [ -a c b 0 1 -d c b l* p cb l+ (-b c b l+ d c b l* P C V cb l)* m c c b l-z cb l  l*der601
-zcb l2*d24 i56 -dd l2*dum 3]/( -2*bcb l+ dcb l*P C V cb l)  (3.2.14)

pcb2 = [[-acb02-dcb2*pcb 1 +(-bcb2+dcb2*PCVcb2)*mccb2-zcb21 *dws567
-dd22*dum2-dd23*dum3]/(-2*bcb2+dcb2*PCVcb2)]+dm5924 (3.2.15)

qsgl = asg01+bsgl*psgl+dsgl*psg2+zsgl I*d24i56+zsgl2*dum q61+ddl3*dum 2
+ddl4*dum 4 (3.2.16)

qsg2 = asg02+bsg2*psg2+dsg2*psgl+tsg2*v2+zsg21*dws567+dd24*duml
+dd25*dum3 (3.2.17)

psgl = [ -asg01-dsgl*psg2+(-bsgl+dsgl*PC V sgl)*m csgl-zsg l I*d24i56
-zsg l2*dum q61-dd l3*dum 2-dd l4*dum 4]/(-2*bsg l+ dsg l*P C V sg l)  (3.2.18)

psg2 = [-asg02-dsg2*psgl+(-bsg2+dsg2*PCVsg2)*mcsg2-tsg2*v2
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-zsg21*dws567-dd24*dum l-dd25*dum3]/(-2*bsg2+dsg2*PCVsg2) (3.2.19)

AR1 Procedure:

qpb l c ppb l ppb2 d24i56 dum3
INST=(c,R,v2,dws567,mcpbq) (3.2.20)

qpb2 c ppb2 ppb l R v2 dws567 dum3
INST=(c,d24i56,mcpbq) (3.2.21)

ppb l  c ppb2 m cpbl d24i56 dum3
INST=(c,R,v2,dws567) (3.2.22)

ppb2 c ppb l mcpb2 R v2 dws567 dum3
INST=(c,d24i56) (3.2.23)

where: pb, cb and sg identify  the good represented in a given equation; the instruments for

the AR1 procedure are listed; the AR1 procedure is tried only for panelboards and will

include the "Fair option"; the 3SLS procedure imposes CERs on parameters o f  the price-

reaction functions.

The variables for circuit breakers as well as the variables R and v; and the eight 

dum my variables tried in the final run are described below in Table 3.2.1. Substituting "pb" 

and "sg" for "cb" in the table will give the relevant inform ation about panelboards and 

switchgear. It should be noted that, of  the eight dum m y variables, three are specific to EMI, 

one is designed to capture economy-wide effects of a U.S. recession and four are expected 

to account for seasonality.

As referred  to earlier, an important feature of the form at of the 3SLS price-reaction 

models here is the flexibility achieved through algebraic m anipulation in the substitution of 

the CERs into the functions. More specifically, the insertion o f  the CERs in the form  of 

denominators to each price-reaction function leaves those equations open to easy manipulation 

in terms of adding and /o r  deleting variables.
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But even more importantly, as Liang (1987) points out, the CERs "...are imposed on 

the estimation procedure by substitution to get a unique estimate o f  the price conjectures."1 

This is precisely why this author chose this procedure for estimating the model just presented.

Another pleasing feature o f  this econometric model is the fact that no price or demand 

equation contains more than three endogenous variables.2 For, as econometricians point out, 

success in obtaining valid estimates is inversely proportionate to the num ber of endogenous 

variables contained in a model.

xLiang (1987), op. cit., p .12.

t e c h n ic a l ly ,  PCVs are parameters and not variables. But they are here estimated within 
the price equations as though they were variables.
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Table  3.2 .1. Regression Variables

Variable Descrintion

qcbl Dependent variable, G E ’s dem and function  fo r  CBs

qcb2 Dependent variable, Wh’s dem and function  fo r  CBs

pcbl Dependent variable, G E ’s PR function  for CBs

pcb2 Dependent variable, Wh’s PR function  for CBs

mccbl G E ’s marginal cost, CBs

mccb2 Wh’s marginal cost, CBs

der601*** U.S. Economic recession dum m y variable: 1960:3-1961:1 
= 1; 0 otherwise

d24i56* 2400 PSI innovation effects: 1956:1-1956:4 = 1; 0 
otherwise

dws567** Residual effects of EM I’s 1955 white sale: 1956:1-1957:4 
= 1; 0 otherwise

dumq61 EMI recession and indictments effects: 1961:1 - 1961:4 
= 1; 0 otherwise

dum l* Seasonal dummy: 1956:1,1957:1,...= 1; 0 otherwise

dum2* Seasonal dummy: 1956:2,1957:2,...= 1; 0 otherwise

dum3* Seasonal dummy: 1956:3,1957:3,...= 1; 0 otherwise

dum4* Seasonal dummy: 1956:4,1957:4,...= 1; 0 otherwise

Note: In Section 3.3., it is found that, given a one-tail test, five o f  the eight dum m y 
variables above are significant at the 1% level (*), one at the 5% level (**) and one at the 
10% level (***); PR means price-reaction; CBs means circuit breakers; substitutions of 
sg and pb for cb in the names of the variables above will give similar definitions for 
switchgear and for panelboards. Another dum m y variable, dm5924, was used to deal 
with outliers. This is explained in Section 3.3.
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3.3 Data and Analysis of Results

Unlike the perfect competitor or the monopolist, the oligopolist, even if  he refrains 

from  reacting to price and quantity  strategies, must remain cognizant of his rivals behavior. 

In the absence o f  collusion, the oligopolist must strive to make accurate conjectures about 

rivals’ responses if the f irm s’ strategies are to return  maximum  benefit.

It was therefore incum bent upon students of oligopolies to f ind a way to model with 

accuracy the conjectures of oligopolists if  they were to reflect the m arket behavior o f  these 

firms. Essential to the success of modeling m arket behavior is the availability of suitable data 

both at the f irm  and at the industry level.

I.O. economists have often been forced to conduct studies at the industry  level when 

it would have been more appropriate  to do so at the f irm  level. Fortunately, this au thor was 

able to obtain for this study firm  data  which had been used during  the EM I court cases of the 

1960’s and which had since been used by another researcher for dissertation purposes.1

However, the data obtained were far from  complete and could not meet the needs of 

this study. Thus supplementary sources of official U.S. industry and firm  data, including the 

Survey of Curren t Business2 and this au thor’s master’s thesis,3 were tapped to fill most of 

the gaps. In only a few cases, interpolation was judiciously used to fill small gaps.

All monthly data are transform ed into quarterly  series and, where applicable, from 

nominal to real values. Apart from  the introduction o f  the highly significant and effective 

dum m y variable, dm5924, to "dummy out", for the period 1959:2 through 1959:4, outliers 

which were of doubtful validity, data "massaging" was avoided. But the raw data required a 

great deal of interpretation and of arithmetic m anipulation before they could be included in

1See Tomic (1985), op. cit.

2U nited  States Foreign and Domestic Commerce Bureau.( 1959-63). Survey of Current 
Business: vol.36-43.

3Husbands, Hum phrey 0.(1976). "The Phillips Curve and the United  States Economy in 
Recent Years." Master’s Thesis: Hunter College, City University  of New York.
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the data base. Among the dum m y variables in troduced were d u m l through dum 4 to adjust 

for seasonality, d24i56 to capture innovation effects and dws567 to account for residual "white 

sale" effects (see Table 3.2.1). The period covered by data  collection was dictated by the goals 

of this study.

The use here of disaggregated data is not only gratify ing, but avoids the concealment 

o f  "inefficiencies" associated with the use of aggregates.1 This is not to suggest that industry 

studies should not be conducted at the aggregate level. For it is seldom that I.O. researchers 

can obtain sensitive data at the f irm  level.

Perhaps, the greatest challenge regarding data collection and compilation for this study 

was determining how this paper would proceed to create marginal cost data which were 

unavailable from  the two firms, G E and Wh. From the outset, this author was aware that 

proxies would have to be used for marginal cost and therefore  tested a num ber of theories to 

this end. The final choice o f  two proxies, given by equations (3.1.1) and (3.1.2), is explained 

in Section 3.1.

In regard to estimation, the overall goal o f  this section is to obtain results that will lend 

empirical authority  to the theoretical formulations o f  the price reaction models. As explained 

in the previous sections of  this chapter, the econometric results to follow will feature  estimates 

derived from both 3SLS and AR1 procedures.

The 3SLS results for circuit breakers and for switchgear sold by the duopoly are as

follows:

qcb l = 11.773 + 0.0035343*pcbl + 0.011186*pcb2
(2.4442) (0.0004012) (0.005679)
(4.8169) (8.8096) (1.9696)

+ 2.2835*der601 + 3.9995*d24i56 + 1.1775*dum3
(1.6581) (1.5670) (1.2701)
(1.3772) (2.5524) (1.2701)

R 2= 0.0002 (3.3.1)

xDixit (1988), op. cit., p .164.
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qcb2

qsgl

qsg2 =

pcbl

26.524 + 0.016373*pcb2 - 0.006047*pcbl
(5.3642) (0.004721) (0.002436)
(4.9446) (3.4681) (-2.4823)

+ 5.3124*dws567 + 1.6969*dum2 - 1.1187*dum3 
(2.8327) (1.3725) (1.6436)
(1.8754) (1.2364) (-0.6807)

R 2 = 0.15

32.530 - 0.010412*psgl - 0.035226*psg2 -  0.38837*d24i56
(7.4138) (0.004182) (0.011434) (0.78338)
(4.3878) (-2.4896) (-3.0807) (-0.49576)

- 0.070570*dumq61 - 3.8797*dum2 - 3.9610*dum4 
(0.86846) (1.3131) (1.3127)
(-0.081259) (-2.9546) (-3.0176)

R 2 = 0.40

15.229 + 0.018293*psg2 + 0.0056599*psgl
(1.3625) (0.0023067) (0.0026357)
(11.177) (7.9304) (2.1474)

+ 0.3601 1 E - 0 9 * v 2  -  0.43670*dws567 + 2.0800*duml 
(0.15488E-08) (1.0040) (0.51278)
(0.23251) (-0.43496) (4.0564)

+ 1.8550*dum3 
(0.63274)
(2.9318)

R 2 = .002

[- 11.773 - 0 .011186*pcb2
(2.4442) (0.0056794)
(-4.8169) (-1.9696)

+ (-0.0035343 + 0.011186*PCVcbl)*mccbl - 2.2835*der601 
(0.00040119) (0.0056794) (0.17606) (1.6581)
(-8.8096) (1.9696) (2.0035) (-1.3772)

- 3.9995*d24i56 - 1.1775*dum3]
(1.5670) (0.92711)
(-2.5524) (-1.2701)

/ ( -2  * 0.0035343 + 0.011186*PCVcbl)

(3.3.2)

(3.3.3)

(3.3.4)

R2 = 0.003 (3.3.5)
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pcb2 = [[- 26.524 - 0.016373*pcbl 
(5.36421) (0.0047206)
(-4.9445) (-3.4684)

+ (0.016373 - 0.0060474*PCVcb2)*mccb2 - 5.312*dws567
(0.0047206) (0.002463) (0.97532) (2.8327)
(-3.4684) (-2.4822) (-2.8678) (-1.8754)

- 1.6969*dum2 + 1.1187*dum3]/(-2 * 0.016373 - 0.0060474*PCVcb2)]
(1.3725) (1.6436)
(-1.2364) (0.68066)

+ 1095.1*dm5924
(142.94)
(7.6613)

R 2 = 0.63 (3.3.6)

psgl = [- 32.530 + 0.035226*psg2 + (0.010412 - 0.035226*PCVsgl)*mcsgl
(7.4138) (0.01143) (0.004182) (0.011434) (0.051834)
(-4.3878) (3.0807) (2.4896) (-3.4896) (5.0777)

+ 0.38837*d24i56 + 0.070570*dumq61 + 3.8797*dum2 
(0.78338) (0.86846) (1.3131)
(0.49576) (0.081259) (2.9546)

+ 3.9610*dum4]/(-2 * -0.010412 - 0.035226*PCVsgl)
(1.3127)
(2.9546)

R 2 = 0.35 (3.3.7)

psg2 = [ -15 .229  - 0 .005699*psg l+ ( -  0.018293
(1.3625) (0.0026357) (0.0023067)
(-11.117) (-2.1474) (-7.9304)

+ 0.0056599*PCVsg2)*mcsg2 - 0.3601 1 E - 0 9 * v 2  
(0.0026357) (1.4868) (0.15488E-08)
(2.1474) (2.2468) (-0.23251)

+ 0.43670*dws567 - 2.0800*duml 
(1.0040) (0.51278)
(0.43496) (-4.0564)

- 1.8550*dum3]/(-2*0.018293 + 0.0056599*PCVsg2)
(0.63274)
(-2.9318)

R 2 = 0.45 (3.3.8)
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The AR1 results for panelboards are:

q p b l  = 4.917 + 0.040527*ppbl + 0.024927*ppb2
(8.0719) (0.016874) (0.023899)
(0.6085) (2.4017) (1.0430)

+ 12.403*d24i56 - 0.75105*dum3 
(2.6253) (2.4556)
(4.7246) (-0.30585)

R 2 = 0.62 (3.3.9)

qpb2 = 108.14 + 1.3981*ppb2 - 0.051367*ppbl
(23.925) (0.066465) (0.041721)
(4.5199) (21.035) (-1.2312)

- 11.049*R - 0.40493E-07*V2 - 9.1990*dws567 
(2.9431) (0.20068E-07) (5.1744)
(-3.7544) (-2.0178) (-1.7778)

+ 6.7320*dum3 
(6.2534)
(1.0765)

R 2 = 0.97 (3.3.10)

p pb l  = 475.44 + 0.068823*ppb2 - 0.0017097*mcpbl
(25.948) (0.29396) (0.0014135)
(18.323) (0.23412) (-1.2096)

+ 39.732*dws567 + 42.410*dum3 
(31.796) (27.755)
(1.2496) (1.5280)

R 2 = 0.27 (3.3.11)

ppb2 = - 38.822 + 0.014703*ppbl + 0.000264*mcpb2 
(90.043) (0.13458) (0.000905)

(-0.43114) (0.10925) (0.29191)

+ 4.4226*R + 0.16311E-06*V2 + 9.5130*dws567 
(11.799) (0.71974E-07) (22.042)
(0.37482) (2.2662) (0.43158)

+ 17.254*dum3
(16.094)
(1.0721)

R 2 = 0.26 (3.3.12)
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where the statistics under the coefficients give the standard  errors and the t values, in that 

order.

The 3SLS and the AR1 procedures used here to make inferences about the duopoly’s 

in terfirm  behavior are standard estimators. On the one hand, the 3SLS method imposes cross­

equation restrictions (CERs) on the parameters, thus enabling d irec t estimation o f  the PCVs.1 

On the o ther hand, the AR1 estimator does not directly  estimate the PCVs. However, the 

estimates from this procedure may be used in conjunction with what Crandall (1985)2 calls 

conjectural elasticities to make inferences about m arket power. Since this author prefers 3SLS 

to AR1 as an estimator, precedence is here given to that estimator.

The 3SLS estimator yields good and expected results for circuit breakers and for 

switchgear but was unsuccessful in obtaining reportable PCV results for panelboards. This 

good will therefore be discussed in terms of the AR1 estimator. Table 3.3.1 presents a 

summary of the 3SLS estimates for PCVs and for elasticities (own, cross and conjectural) in 

regard to circuit breakers and switchgear, and a summ ary o f  AR1 estimates for panelboards.

It is clear from the table below that the major question to be resolved by this study 

has been answered by the 3SLS estimator, especially as far  as switchgear are concerned. For 

circuit breakers, the table shows that G E , the industry’s leader, perceives Wh as pricing the 

good collusively (PCVcbl = 2.0035) while Wh perceives G E  as pursuing a competitive pricing 

strategy (PCVcb2 = -2.8678).

In the case of switchgear, however, each f irm  perceives the other as following a 

collusive pricing strategy (PCVsgl=5.0777; PCVsg2 = 2.2468). What is more, all of  the PCVs 

are highly significant and consistent (see Appendix 1.10), two being reported at the 1% and

:At this point, it should be made clear that the term price conjectural variations (PCVs) 
should not be interpreted in this model to mean anything more or less than, as Bresnahan 
(1989) puts it: "that theory of oligopoly [which] holds in the data."

2Crandall, Robert W.(December 1985). "Assessing the Impacts of the Automobile 
Voluntary Export Restraints upon U.S. Automobile Prices." Paper delivered at the Society of 
Governm ent Economists.
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Table 3.3.1. Conjectures and Elasticities 
EMI, 1956-62

Var. or 
Param. PCV Value Own

------E lasticities--
Cross CEc Est.

PCVcbl 2.0035** 0.28** 0.14 0.002** 3SLS

PCVcb2 -2.8678* 0.20* -0.49 0.11* 3SLS

PCVsgl 5.0777* -0.29** -0.68 0.02* 3SLS

PCVsg2 2.2468** 0.23* 0.10 0.01** 3SLS

ppbl n.a. 0.66** 0.04 0.0075 AR1

ppb2 n.a. 0.48* -0.16 0.1349 AR1

Source: 3SLS estimator and A uthor’s calculations.

Note: * means significant at the 1% level, ** significant at the 5% level; CEc = 
Crandall’s (Dec.1985) conjectural elasticity.

two at the 5% level since it is customary to do so. G iven the data, this indeed is strong 

confirmation of the presence over the period 1956-62 of collusive pricing behavior in the 

industry.

It is interesting to note that, as expected, the duopoly exhibited  both competitive and 

collusive behavior over the period 1956-62. On the one hand, since the results show that both 

firms of the duopoly perceived collusive pricing in their switchgear market, then collusive 

pricing of switchgear must have existed.1 On the other hand, since the results for the circuit 

breakers m arket show that GE perceived collusive pricing behavior by Wh while Wh perceived 

competitive behavior by GE, then the combined behavior cannot be categorically collusive. 

Indeed, it is possible that both types of behavior coexisted in the circuit breakers market. For 

it appears that the market behavior adopted by the firms depended upon the intrinsic and

in c iden ta l ly ,  these data do not reveal Cournot behavior in any of the three markets.
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customer-assigned characteristics of the good being purchased. However, i f  the PCVs for 

c ircuit breakers are evaluated in conjunction with the CEcs, then the perception o f  the two 

f irm s’ m arket behavior becomes clearer: G E  emerges as the m arket leader and Wh as the 

follower.

The elasticities reported in Table 3.3.1 as well as prices as explanatory variables in the 

dem and equations also tell a corroborative story. Ignoring signs and panelboards for a 

moment, this study shows that all of  the elasticities are small, suggesting that c ircuit breakers 

and switchgear were suitable goods for establishing m arket power through collusive behavior. 

In regard to rival prices, every one in the four dem and functions given by (3.3.1) through 

(3.3.3) is significant, one at the 1% level and three at the 5% level.

The small elasticity values may also have implications for price d iscrim ination in EMI. 

Demand theory teaches that small elasticity values may be associated with price discrimination 

in a given m arket.1 This means that the more inelastic the dem and for a good is, the more 

can one expect to find price discrimination associated with the sale of that good.

Regarding the performance of dum my variables, Table 3.2.1 o f  Section 3.2 shows that 

five o f  eight dummy variables were significant at the 1% level and one at the 5% level. 

Added to this, the dum my variable der601 shown in the table was significant at the 10% level. 

Thus seven of the eight dum m y variables were tried with success.

Perhaps, the most interesting feature o f  the results returned for dum m y variables is 

the fact that three of the significant ones point to important elements of I.O. theory. This is 

important since dum my variables reported here were chosen with I.O. theory in mind. 

Strangely enough, the dum m y variable der601 shows a positive effec t  o f the U.S. economic 

recession of 1960-61 on the sales of GE circuit breakers. It seems from this paper’s market 

share analysis, however, that this positive e ffect registers a shift  in sales away from  Wh to GE

1Chiang, Alpha C.(1984). Fundam ental Methods of M athematical Economics 3ed. New 
York: M cGraw -H ill Book Company, p .358.
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rather than the anomaly of increasing sales during a recession. As expected, d24i56 shows a 

positive effect o f 2400 PSI technology on the sale of G E  circuit breakers. Also, as expected, 

dws567 for the 1956-57 residual effect of the 1955 "white sale" shows a positive effec t  only 

on the sale of Wh circuit breakers. The dum m y variable d24i56 represents process innovation 

which reduces production costs.1 As G E was regarded as the technological leader of the 

industry ,2 it is not surprising that this innovation dum m y variable was successful only for 

that firm.

One of the major goals o f  this study is to determine by simple regressions and by 

summary statistics whether GE and Wh discriminated among their customers on the basis of 

the size of orders. The a priori notion is that, given what appears to be a s tandard policy of 

discounting book prices, it would have been possible for G E  and Wh, wittingly or not, to have 

price discriminated against small orders.

Table II. 1 of Appendix II, which is self explanatory, addresses this concern. It 

presents discounts allowed and total revenue data along with the results o f  simple linear 

regressions in which discounts o f f  book prices are regressed on both small and large orders 

for the period 1956-62. For each good, the data are arbitrarily  partitioned into small and 

large orders by the mean o f each distribution, with values less than or equal to the mean being 

regarded as small orders. Book values are given in thousands of dollars.

The positive slope (M) and the intercept (B) of each distribution, all of  which have 

been identified, are the key statistics for determining the presence of discrimination against 

small orders. In every case for circuit breakers and for switchgear, the slope for small orders 

is bigger than that for large orders. However, these slopes are not significantly d iffe ren t from 

zero and, within the relevant income range, the two regression lines do not cross. Therefore, 

the decision as to whether discrimination existed has to be made on the basis o f  the intercept

1Tirole (1989), op. cit.

2See Sultan (1975), op. cit.
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alone. Since the intercept for the large orders is greater than that for small orders, then small 

orders were discriminated against in the markets for c ircuit breakers and switchgear. In 

regard to panelboards, the same conclusions hold for G E , but it is indeterm inate for Wh. The 

bigger intercepts for small orders imply that the two firms price discriminated against 

customers on the basis of small orders.

Returning to the question of the signs of the slope coefficients reported for demand 

curves, this paper must logically explain why only one of the six demand curves (q cb l ,  qcb2, 

qsg 1 and qsg2 estimated by 3SLS; ppbl and ppb2 estimated by A R 1) has the expected negative 

sign. The demand curve with the expected sign is G E ’s qsgl for switchgear.1

One plausible explanation of the unexpected signs is that, given close substitutes2 

which are significant in the consumer’s budget, then it is possible for the income effec t to 

dominate the substitution effect leading to a direct relationship between price and quantity 

dem anded.3

A second plausible explanation is that this study covers only a short period o f  seven 

years in the life of the duopoly. Sometimes, a short period coincides with a "wrinkle" in 

otherwise normal behavior, a wrinkle that would be ironed out in the long run thus preserving 

the integrity of the law of demand.

A third explanation is that, what is being observed is not an upward-sloping demand 

curve at all but repositioning on a series of higher and higher demand curves over seven years 

as the duopoly becomes sufficiently powerful to set both prices and quantities in their markets 

for very inelastic goods, as shown in Table 3.3.1. In this au thor’s view, this explanation is the

A l th o u g h  AR1 is presented here for the specific purpose of providing estimates for 
panelboards, AR1 R 2 estimates in the entire model will also be presented for the purpose of 
making comparisons with similar 3SLS statistics.

2Avoiding the almost impossible task of calculating a multiplicity of elasticities for EMI 
which produces hundreds o f  products, this study follows a convention by assuming with good 
reason that, on the whole, the duopoly’s products are substitutes.

3Chiang (1984), op. cit.
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most appealing of the three. For example, Appelbaum ’s (1982) s tudy o f  EM I among other 

firms includes the period of this study. Appelbaum found collusion by applying the quantity 

approach. This study also finds collusion but through the price approach. Economists 

modeling the quantity  approach imply that the firms being s tudied set quantities while those 

applying the price approach imply that the firms set prices.

Shifting the focus on the AR1 estimator, this paper now analyzes the results for 

panelboards corresponding to the discussion so far for c ircuit  breakers and for switchgear. 

Equations (3.3.9) through (3.3.12) show that none of the coefficients of rival prices is 

significant, not even at the 10% level. But all own prices are significant. This means that 

rival prices did not play a significant role in the duopoly’s price-setting  decisions for 

panelboards. This also explains the strange spatial de tachm ent o f  the graphs o f  f irm  prices 

in Figure III.9 of A ppendix III where G E ’s transaction prices for panelboards are contrasted 

against Wh’s transaction prices.

For both 3SLS and AR1 procedures, the question o f  low values for R 2 should also be 

addressed. Now the corresponding AR1 R e v a lu e s  for c ircuit breakers and for switchgear are: 

q cb l ,  0.80; qcb2, 0.55; p c b l ,  0.35; pcb2, 0.88; qsg l,  0.74; qsg2, 0.63; p sg l,  0.43; psg2, 0.67. 

These statistics suggest that the advantages reaped by using 3SLS as an estimator with CERs 

imposed are associated with a t ra d e -o ff  in the form o f  poor R 2-values. M oreover, the AR1 

R 2 values are themselves typically lower than similar values yielded by the ordinary least 

squares estimator. This is because the AR1 procedure embodies rho transformations which 

depress R 2 values.1

So given reliable PCV estimates which show the presence of collusion2 and the 

potential for competition in the sale of two d iffe ren t types goods in EM I, Schmalensee’s

1Hall, Schnake and Cummins (1986), op. cit., p.29.

2See Tomic (1985), op. cit., who found that the industry (not the duopoly defined here) 
was collusive for the period 1957-59 and was competitive otherwise.
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(April 1987)1 comment about m arket share immediately comes to mind. Schmalensee claims 

that, in theory, collusion and "unstable [market] shares and ranks are inconsistent with 

effective collusion." Implicit in this comm ent is the notion that G E  and Wh could not have 

effectively colluded if  their m arket shares and ranks were unstable.

There can be no doubt about the stability of rank. For the Big Two, G E and Wh in 

that order, have been at the top of EMI for many years. Moreover, it seems to be a given in 

U.S. industry that m arket share confers rank. Nevertheless, there were legal ramifications 

which could have seriously destabilized market share in respect to circuit breakers and 

switchgear while leaving rank and collusion intact.

Table 3.3.2 which follows supports this view as it provides a detailed analysis of 

quarterly market share held by G E  and Wh in regard to c ircuit breakers and switchgear. Over 

the period of this study, the table shows fluctuations in m arket share which appear to be a 

direct response to charges brought against EMI by the US. Departm ent o f  Justice.

For example, before the Fuller investigation began in 1959, the average yearly two- 

firm  concentration level for c ircu it  breakers sold by the duopoly rose by 3.46 percentage 

points to 60.70% and then fell by 9.53 percentage points to 51.17%. These were modest 

changes which would probably have gone unnoticed. However, in the period a f te r  1959 but 

before the indictments were handed down, the tw o-firm  concentration level rose by 28.53 

percentage points to its highest level for the period under review, and then fell by 24.08 

percentage points to 55.62%. This is a large correction by any standard of m arket-share  

stability. After the indictments were handed down, the yearly average m arket share of GE 

and Wh combined continued to fall, f irst by 5.75 and then by 6.98 percentage points to its 

lowest level of 42.89 percent in the fourth  quarter  of 1962.

The average yearly tw o-firm  m arket share for switchgear over the same period 

d iffered  somewhat from that for circuit breakers, but the implications are the same. The level

1Schmalensee (A pril, 1987), op. cit.
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Table 3.3.2. Quarterly Market Share in EMI 
Circuit Breakers and Switchgear, 1956-62

Circuit Breakers Switchgear
GE Wh GE+Wh GE+Wh

/Y ear
GE Wh GE+Wh GE+Wh

/Y ear
1956:1 63.87 1.94 65.81 59.71 23.46 82.17

2 51.57 5.40 56.97 47.92 35.84 83.76
3 45.07 1.43 46.50 35.75 42.01 77.76
4 57.30 2.40 59.70 57.25 36.38 22.90 59.28 75.74

1957:1 52.27 5.59 57.86 56.84 28.19 85.03
2 42.47 22.83 65.30 53.53 28.23 81.76
3 54.07 5.07 59.14 41.40 53.43 94.83
4 48.70 11.81 60.51 60.70 38.50 24.74 63.24 81.22

1958:1 47.60 2.68 50.28 36.46 43.53 79.99
2 45.53 0.76 46.29 40.33 36.66 76.99
3 48.77 0.74 49.51 35.08 38.98 74.06
4 57.97 0.61 58.58 51.17 62.23 35.24 97.47 82.13

1959:1 38.06 47.33 85.39 34.53 35.71 70.24
2 37.57 44.00 81.57 45.89 34.01 79.90
3 27.42 38.67 66.09 26.33 24.87 51.20
4 51.41 34.44 85.74 79.70 48.19 38.91 87.10 72.11

1960:1 46.33 0.33 46.66 31.57 48.33 79.90
2 69.33 1.55 70.89 69.88 27.72 97.60
3 58.00 0.56 58.56 44.83 42.64 87.47
4 44.33 3.05 46.38 55.62 47.51 28.74 76.26 85.31

1961:1 59.67 3.66 63.33 31.58 45.72 77.30
2 49.67 3.42 53.09 33.67 26.51 60.18

3 39.00 6.08 45.08 27.55 42.77 70.32
4 37.33 0.64 37.97 49.87 30.00 18.96 48.96 64.19

1962:1 46.00 1.61 47.61 49.67 18.67 68.34
2 54.00 2.30 56.30 37.33 19.04 56.37
3 40.33 0.99 41.32 35.33 21.06 56.39
4 25.33 0.99 26.32 42.89 34.33 15.70 50.03 57.78

Source: A u thor’s analysis using firm  data.

Note: For c ircuit breakers, GE plus Wh falls below 50% m arket share (the G reer  (1980) 
standard) only 10 times, and below 40% m arket share (the Scherer (1980) standard) only 
twice. For switchgear, these respective numbers are 1 and 0. The num ber of 
observations is 28. See Chart III. 1, Appendix  III. Similar data were not available for 
panelboards. The first underline in the table marks the year (1959) when Fuller began 
his investigation of the industry. The second underline draws attention to the period 
(1961) of indictments convictions of EMI representatives.
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rose continuously between 1956 and 1958, f irst by 5.48 and then  by only 0.91 percentage 

points to 82.22%. The Fuller investigation period o f  1959-60 coincided with a fall in the 

duopoly’s m arket share by 10.02 percentage points, but that period also registered a 

subsequent rise by 13.20 percentage points to the high for the period 1956-62 of 85.31%. 

During the post-indictm ents period, the tw o-firm  concentration level plummeted, giving up 

21.12 percentage points by 1961:4 and then falling by another 6.41 percentage points to its 

lowest level of 57.78% for the period under review.

But Table 3.3.2 tells another story. It supports this paper’s contention that G E was 

dom inant in EMI, at least in both circuit breakers and switchgear. Over the period under 

review, G E ’s average quarterly market share was 46.17% for c ircu it  breakers and 40.42% for 

switchgear. Wh’s corresponding averages were 8.65% and 31.12%.

It is important to note that while the ratio of G E ’s average to Wh’s is 1.3 for 

switchgear, it is 5.34 for circuit breakers. But recall in Section 3.2 that a similar ratio for 

panelboards was 0.21. It seems reasonable to argue on the basis o f  these statistics that market 

partitioning was one of the duopoly’s collusive strategies. Specifically, it appears that 

agreement had been reached between the two firms for G E  almost to abandon the panelboards 

market to Wh (GE:Wh=0.21) and for Wh to compensate by almost abandoning the circuit 

breakers m arket to GE (Wh:GE=0.19).

The levels of the duopoly’s concentration in the m arket studied here, as revealed by 

Table 3.3.2, are far higher than the levels independently  proposed by Scherer (1980) and by 

G reer (1980) as evidence of the existence of duopoly. The two standards were 40% and 50%, 

respectively. Using these standards, Chart III. 1 of Appendix  III presents a comparison of the 

incidence o f  duopoly behavior over the years 1956-62. For example, the 1956 entry shows 

in part that this study observed duopoly behavior in the circuit breakers m arket for eight 

months of the year under the Greer standard and for eleven months of the year under the 

Scherer standard.
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I.O. economists have tried many variables to determ ine the incidence o f  concentration 

in the U.S. economy. Some of the most popular concentration variables reported  in I.O. 

studies have been cited in a study by Curry  and George (March 1983).1 Table 3.3.3 presents 

the seven most popular variables, as reported by these authors. A lthough it is not within the 

purview of this paper, it would be interesting to f ind out which of these seven variables 

played the most important role in establishing the high levels of concentration in EMI over 

the period 1956-62.

:Curry, B. and George, K. D.(March 1983). "Industrial Concentration: A Survey." Journal 
of Industrial Economics vol.XXXI no.3: 203-255.
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Table 3.3.3. Determinants of Industry Concentration 
in 11 Industry Studies

Variable Freauencv Relationshio to Cn

Plant scale economies 10/11* +

Plants per firm 4/11* +

Initial capital regulations 4/11* +

Advertising/sales ratio 3/11* +

Industrial growth 3/11 Two -; one +

Industry size 2/11* One +; one -

Average firm  size 1/11* +

Source: An adaptation from  Curry , B. and K. D. George.(M arch 1983). "Industrial 
Concentration: A Survey." Journal of Industrial Economics vol.XXX I. No.3: 203-255.

Note: The second column gives the frequency of use by 11 studies reviewed by Curry 
and George; * denotes significance at the 5% level; the signs in the third column denote 
the relationship between the variable used and concentration (Cn).
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3.4 Summary and Remarks

In Section 3.1, this paper provides an overview o f  the goals and expectations of 

econometric modeling and testing of the m arket behavior of G E and Wh as a duopoly in the 

electrical m achinery industry (EMI) over the period 1956-62. A preliminary discussion o f  the 

variables to be included in the econometric model and o f  the choice of estimating procedures 

is presented. The question of formulating a m arginal-cost variable, as given by equations 

(3.1.1) and (3.1.2), is perhaps the most im portant fea ture  of this section.

To Section 3.2 was assigned the im portant task of translating theory into an 

econometric model, using the price approach. This task is accomplished by the simultaneous 

systems given by equations (3.2.8) through (3.2.23).

It is gratifying to note the degree of success achieved in Section 3.3 by using the price 

approach to determine the market structure of EMI, as revealed by the data for the period 

1956-62. The major goal of determining whether G E and Wh, as a duopoly, colluded in 

m arketing their goods was satisfied by using 3SLS and AR1 procedures.

For switchgear, the 3SLS estimator has determ ined that G E and Wh engaged in 

collusive behavior. For circuit breakers, the 3SLS estimator has found a mixed market 

posture, with GE regarding Wh as collusive and with Wh regarding GE as competitive. In the 

case of panelboards, however, the results of the 3SLS procedure were meaningless. This led 

to the use of an AR1 estimation procedure which has determ ined that the data did not show 

that panelboards were either collusively or competitively marketed. What the AR1 regressions 

did show for panelboards was that neither f irm ’s pricing policy affected the other f irm ’s 

pricing policy for that good. This conclusion is supported  by graphical analysis in Figure III.9 

of Appendix III.

Apart from regression analysis, Section 3.3 makes use of summary statistics to discuss 

important I.O. topics such as m arket share, concentration, innovation, price discrimination by



108

size o f  orders and the incidence o f  duopoly. The conclusions reached from  sum m ary analysis 

provide useful insights into the behavior o f  G E  and Wh as a powerful duopoly o f  EMI.
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4.0 Conclusion

4.1 Summary and Implications

The purpose o f  this paper was to ascertain through rigorous empirical methods 

whether GE and Wh, as a duopoly of the electrical m achinery  industry (EMI), colluded by 

setting prices over the period 1956-62. That purpose has been m et in regard to switchgear 

which is one of the three goods studied. The other two goods were circuit breakers and 

panelboards.

There was a dual incentive for revisiting EMI. First, h istory has shown that decisions 

of the Courts are often rejected by I.O. economists afte r  those decisions have been subjected 

to rigorous empirical analysis. Second, previous studies o f  EM I by I.O. economists have 

supported the Courts decision, but this author grasped the opportun ity  to bring a d ifferen t 

approach to the study o f  the industry. To the best of this au th o r’s knowledge, this is the first 

study of EMI to use a p rice-reaction  approach which d irectly  explains pricing behavior 

instead of a quantity approach which directly explains goods quota systems, as discussed in 

Chapter 1.

As with the quantity  approach, the Courts’ decision is supported  by the price-reaction 

approach used here. But, given the data, this paper now confirm s that administered pricing 

behavior was important in the marketing of the industry’s goods.

Tangential to the find ing  of collusive pricing behavior w ithin the data was the 

discovery that GE and Wh, as a duopoly, price discriminated against their customers on the 

basis of small orders. Apart from  meeting these two m ajo r  goals, this study has also 

confirm ed from the data that G E and Wh were in fact a duopoly and that high levels of 

concentration were associated with the duopoly over the period  under review.

Given the indictments and convictions handed down to EMI firms during the 1960s,

I.O. economists should turn their attention to the behavior, not only o f  EMI, but of firms in 

general which continue to enjoy high levels of concentration during  their post-tria l years. For
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the basic implication o f  the results o f  this study relates to w hether researchers will find 

"business as usual" or a corrective change in m arket behavior.

Fisher (1987) suggests that successful prosecution of collusion cases does not 

necessarily affect actual collusive s truc tu re .1 This comment particularly relates to tight 

oligopoly. But what this study considers more important is behavior, given the degree of 

concentration. So the question this paper poses is: should I.O. economists expect a change in 

m arket behavior during and beyond the years of the court trials?

Indeed, studies like this are im portant precisely because there are always lessons from 

the past to be learned for fu ture  guidance. But these lessons cannot be learned if  data are not 

available to researchers. In this study, data limitations precluded the a tta inm ent of certain 

results that would normally be included in the presentation and analysis of data. For example, 

the unavailability of actual f irm  marginal cost data made it necessary for this study to use 

proxies for marginal cost, as has to be done in studies of this sort. Consequently, price-cost 

margins, the Lerner index and other equations dependent on marginal cost can only be as good 

as the proxies happen to be.2

Nevertheless, this author has confidence and finds gratification in the methods used 

and in the results presented here. O ften , researchers of every field o f  study must either 

accept the second best or do no research at all.

1Fisher (1987), op. cit.

C a lcu la tions  for such statistics may be carried out in A ppendix I o f this paper with the 
understanding that true marginal cost was not available to this author.
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4.2 Future Study

Perhaps, the most technically challenging suggestion encountered by this au thor during 

the reading phase of the research for this study was F riedm an’s (1983) call for dynamic 

analysis on the effects of entry barriers on prices, production and profits. This au thor has not 

encountered any price approach or quantity approach, as defined  by this study, which uses 

dynamic analysis. Attempts should be made to translate this challenge into reality for fu tu re  

study of EMI and of other industries.

Sociologically, however, fu ture  studies of EMI should look at profitabili ty  before tax, 

not only from  the point of view of the level of profits earned during periods of collusive 

behavior, but also in terms of the impact of the collusive behavior on welfare. This, of 

course, involves either making firm-sensitive cost data available to I.O. economists or the 

development of a proxy for marginal cost that can generally be applied w ith  confidence 

before testing. In terms of this study, it would also be interesting to determ ine by empirical 

analysis w hether GE, as the duopoly’s leader, earned higher profits than Wh over the period 

1956-62, and if so, whether the higher level of profits could be directly linked to G E ’s 

leadership in the industry or to f irm  size.

Overall, this author believes that the NEIO approach to the study o f  industrial 

structures and behavior should be the mode of the fu ture . I.O. economists using these 

methods should strive to obtain results which, given the data, are robust to reasonable 

variations in econometric methods and to variations in specification.
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APPENDIX I 

M athem atical Derivations

1.1. Determining PCV; in param etric  form by equating the F .O .C . of quan ti ty -se tt ing  firms 
to the F.O.C. of price-setting  firms, and then setting QCVj = -1 .

Perfectly Competitive Result

d M iQ C V i  = l ■
Pi/3r Si5j -/Ji+SjPCVi 

Therefore,

—̂ j —i— = ----- !---------
/?i/?r ¥ j  - /J j+SiPCVj

= W r 6.x&-y 

/Jj/Jj-zSj^PCVp/Jifij+fi^PCVi = /Ji/Jj-fijfij 

- /J jf i iPC V i+SjapC V i =  V j

p c v ^ v V )  = ¥ r ¥ j

PCVi = ,

-P fr+ S f  -/?j+5i

of ambiguous sign. This result would be strictly negative i f f  /?>S for all i and j. It is d iffe ren t

from Liang’s result because of the sequence o f  signs in the num erator. See Table 2.1.2.

1.2. Determining PCVit now setting Q C V p l .

Collusive Result

z l iz8iQ C V i = ! .

p-fi--Si8i -/3i+8iPCVi

Therefore,

= — i .

i ¥ r ¥ j  -iSi+SiPCVi 

( - / J j - f i i X - ^ P C V i )  = / ¥ r ¥ j  

/ J i^ -^ ^ P C V i+ ^ i -S ^ P C V i  = w r s{6y

Pfr+Sft = P C V ^ S ^ 2)

P C V i  = ¥ i ± ¥ i  = > 0 f o r  /?, 5 > 0.
/ ? ; ¥ ¥  ^j+5i
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1.3. Deriving equilibrium condition--cmrj = mcj.

F.O.C.: Qj + (Px - ^  dfi2] = 0 (2.3.10)
dPx dp2 d p x

[gflx + Sflj dp2] = _zflx_
3px dp2 dpx Pj-mCj

Therefore,

- P x  + m c x  =  l / [  • ] (Qi)

mCx = Px + {Qx/l * 1) at equilibrium.

Therefore,

Px + ( Q i / [  • ]) =  c m r j .

Thus cmrx = p x + [qi/(-/?x + Sj PC V j)] (2.2.11)

where = dqJdQy, = dqx/dp2; PCV1 = dp2/dpx-

1.4. Deriving PCVj

Setting (2.3.9) = (2.3.10) gives the joint 7r-max. collusive result. This is also the own 

7r-max. w.r.t. f irm  1. Thus:

q : + (P i-m cjJgg j + (p2- m c 2)dfl2 = qj + (Px-mCx)[aax+2 a i  ^ 2 ] 
a p j  a p j  a p x a p 2 d p i

Canceling q : and rearranging the right hand side:

(p 1-m cx)aa1 + (p2-m c 2)5g2 = (Px-mCi)3ax + Sfli dS 2(P i" m ci)- 
3pj a p a ap j  a p 2 d p j

Therefore,

E2i M 2 da2 = ^fli d£2 ’ 
p 1- m c 1 dpj dp2 d p x

after dividing through by ( p ^ m c ^  and making obvious cancellations on both sides.

PCVj = f(p2-m c 2) / (p 1- m c 1)1(aq2/ a p 1) = dp2 = (PCM 2/P C M 1)(52)(ap2/ a q 1),
(aq1/ a p 2) dPx

the same thing as equation (2.2.13).

1.5. Deriving PCV2.

PCV2 = inverse of PCVx above.



1.6. Deriving L e1 = firm l ’s Lerner Index.

<5tLi = q x + (p j-m c^ ia f l!  + gflj dfi2] = 0 
3pa ap j  dp2 d p :

Dividing throughout by q x to eliminate q x:

i + (pj-mcjJKaflj i ) + gflj • i  • dja2] = o 
aPi qx ap2 qx dpj

M ultiplying by p 1/ p 1= l and by p 2/ p 2=l changes nothing. Thus:

[ (P i -m C iV p JC a q j /a p iX p j /q j)  + (aq1/ a p 2)(p2/ q 1)(dp2/ d p 1)(p1/ p 2)] = -1

L ex = (P i-m e jV p !  = - 1 /K a q i /a p jX P i/q i)  + (aq 1/ a p 2)(p2/ q 1)(dp2/ d p 1)(p1/ p 2)] >

or:

Le* = -1 /{-/^iCPi/qi) + [51(p2/ q 1)][PCV1(p 1/ p 2)]} 

= “ */[e n  + e i2 * C E 1] .

Thus:

L e1 — ( - l / e u ) + ( -1 /e^2»CE^), 

is dependent on CEj^ and > 0 for ( - l / e 11) > ( - l / e 12*CE1).

Also:

L e1= - l / [ e 11 + (51PC V 1)(p1/ q 1)] .

1.7. Deriving firm conjectural elasticity, CE.

From L e^  we can define C E : as:

C E l = PCV 1(p1/ p 2) > 0.

Also:

e i2 = (3q1/a p 2)(p2/qi); e21 = ( a q ^ a p ^ ^ ) -

From A ppendix 1.4., we see that PCVXP1/ P 2 ) may be rew ritten as:

C E X = n 2Hmc2j9a2\ /  (aq i / a p 2) . (p 1/ p 2) . 
Pj-mCj dp2l

A fter  fu rthe r  manipulation, we have:

C E X = {[(p1q 1/ p 2q2)(p1- m c 1) / p 1]/[(p2-m c 2) /p 2]}[e12/ e 21]
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C E j = (R i/R 2)(L e1/L e 2)(e12/ e 2i)
(+) (+)

The sign of C E j depends upon the sign of L e1/ L e 2. For p^ m c j ,  C E ;>0, i=l,2 .

1.8. Deriving dpj/SPCVj in param etric  form.

me; = Pj + [qiA-Z^+fiiPCVi)] at equilibrium; me; constant.

Pi = mc; - [q-Ji-h+S-fCVi)]

Pi = [mCi(-/?i+SPCVi) - q i ] / ( -^ i+5PCVi)

api/SPCVj = {(-^i+5iPCVi)(mCi5i) - [mCi(-/?i+5PCVi)-qi]5i}/(-/Si+5iPCVi)2 

After cancellations:

dpj/dPCVi = <5iqi/(-Pi5iPCVi)2

By assumption, qt = 5i(Qi-/?ipi+^t'i+6ipj )

Thus:

dPi/dPCVj = fii(ai-/9iPi+tfii/i+fiipj) /( -p ifiiPCVi)*

1.9. Evaluating the result in 1.8.

Assume that we begin evaluation from  the level o f  perfect competition. Then , in the 

equation immediately above, Pj^mcj. Making that substitution yields: 

dPi/dPCV; = [5i(ai-/?imci+ ^ i+ 6 iPj)]/(-5iPiPCVi)2 |  0, 

where ^ i>Si and pj=Pi=mCi. Approaching collusive behavior, then 3p;/3PCV; may be |  0. It 

is >0 iff , in the numerator, mci<(ai+0t'i+6pj)//?i. So, in o rder for price to increase in PCVi 

for the upward sloping reaction function of f irm  i to shift  to the right, the "iff" condition 

must be met.

1.10. Deriving CPCV, = consistent PCVj.

PRj(Pj) = PR(Pj, me;, V)

PRj(Pi) = PR(Pi, mcj, V)

PCV; = 3PRj/3pi, i*j.

For example,

C P C V 2 =  a P R o / a P R j



where PCV* = price conjectural variation o f firm  1.

PCVi = - y [ - 2 / 3 j  +

= - 5 j /{ -2 /3  j + 5 j [ -5 i/ ( - 2 ^ i+5iP C V i)]}

Using the quadratic formula, we have:

CPCVi = { - /^  + [(^j)(/3̂  - SiSpiVC-/^) 

where, in the formula, "-b" = - 0 ^ . ;  "b2" = ( / J ^ ) 2; "-4ac" = -(/fySjX^j); "2a"

1.11. Deriving the Lerner Index, industry level, 

e* = (Pi/qiX-ft+SiPCVi) 

e; = (-/SjPi+^PCVjPiVqi

- 1 / e ;  =  - q i/ ( - / ? ip i+6iP C V ip i)

L e  =  E H / e p - S i  = E t - q i / C - ^ P i + S i P C V i P P H i  > 0.
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Table II .1. Price Discrimination in EMI
Based on Size of Order 

for Period 1956:1 1962:4 
($ in thousands)

%: (1) GCBDSO (3) GCBDLO (5) GSGDSO (7) GSGD]
$: (2) GCBRSO (4) GCBRLO (6) GSGRSO (8) GSGR]

G E -
H (1)28.03 (3) 45.58 (5) 25.92 (7) 31.31
H (2)56489 (4) 181845 (6) 8995 (8) 28992
M (1) 14.29 (3) 27.28 (5) 16.39 (7) 19.28

(2)37510 (4) 104694 (6) 5844 (8 )16460
Md (1) 13.25 (3) 26.56 (5) 16.01 (7) 20.48
Md (2)42697 (4) 93572 (6) 5304 (8) 12169
SD (1) 7.91 (3) 10.21 (5) 5.76 (7) 6.85
SD (2) 15236 (4) 32743 (6) 2339 (8) 7752
r 0.73 0.50 0.38 0.26
M 0.0004 0.0002 0.001 0.0002
B 0.12 < 10.91 10.96 < 15.55

Oi 17 11 19 9

%: (9) GPBDSO (11) GPBDLO
$: (10) GPBRSO (12) GPBRLO

G E —
H (9) 24.98 (11) 24.98
H (10) 16438 (12)39887

(9) 16.17 (11) 16.53
V- (10) 14350 (12) 22192

Md (9) 15.96 (11) 17.43
Md (10) 15085 (12) 19096
SD (9) 4.37 (11) 6.72
SD (10) 1869 (12) 7768
r 0.19 -0.48
M 0.0004 -0.0004
B 9.83 < 25.16

Oi 20 8

Partitioning 28 Oi into Small & Large Orders

Firm Good
Partition: 
M 1 28 Oi 

$
63904

Variables (S

GE CB (1), (2)
SG 9260 (5), (6)
PB 16590 (9), (10)

Wh CB 10248 (13), (14)
SG 9031 (17), (18)
PB 13996 (21), (22)

Variables (LO)

(3), (4)
(7), (8)
( 11), ( 12) 
(15), (16) 
(19), (20) 
(23), (24)



Price D iscrim ination in EMI (contd.)

%: (13) WCBDSO (15) WCBDLO (17) WSGDSO (19) WSGDLO
$: (14) WCBRSO (16) WCBRLO (18) WSGRSO (20) WSGRLO

Wh:w n:~
H (13) 36.65 (15) 46.39 (17) 26.30 (19) 25.82
H (14) 8412 (16)60242 (18) 8127 (20) 18079

(13) 21.42 (15) 24.21 (17) 13.17 (19) 16.84
M (14) 2655 (16) 38090 (18) 6000 (20) 12527

Md (13) 23.24 (15) 20.03 (17) 14.94 (19) 19.49
Md (14) 2115 (16) 38978 (18) 5522 (20) 12114
SD (13) 11.73 (15) 16.45 (17) 8.18 (19) 7.51
SD (14) 2252 (16) 18148 (18) 1348 (20) 2384
r 0.10 0.03 0.39 -0.04
M 0.001 0.00002 0.002 -0.0001
B 20.05 < 23.28 -1.10 < 18.39

Oi 22 6 15 13

%: (21) WPBDSO (23) WPBDLO
$: (22) WPBRSO (24) WPBRLO

W h :-
H (21) 17.98 (23) 27.60
H (22) 13250 (24) 78567

(21) 11.67 (23) 15.95
M (22) 6370 (24) 30097

Md (21) 9.97 (23) 13.56
Md (22) 5436 (24) 24556
SD (21) 3.82 (23) 5.75
SD (22) 3448 (24) 18991
r -0.01 0.26
M -0.00001 0.0001
B 11.25 < 13.58

Oi 19 9

Source: A uthor’s adaptation from  his data base.

Note: This table contains descriptive statistics calculated by 
this author for 24 variables. G  at the beginning o f  a variable 
stands for GE and W for Wh; CB, SG and PB, respectively, 
stand for circuit breakers, switchgear and panelboards; R 
stands for total revenue, given book price, and D for the 
percent discount allowed. SO means small orders and LO large 
orders. H is the high o f  the distribution, n  the mean, M d the 
median and SD the standard  deviation. Parameters M and B, 
respectively report slope and intercept values when discounts 
are regressed on both small and large orders, and r is the 
coefficient of correlation. Oi is the num ber of observations.



Price D iscrim ination in EM I (contd.)

REGRESSION DATA

(1) (2) (3) (4) (5) (6) (7) (8)
GCBDSO GCBRSO GCBDLO GC BR LO  GSGDSO GSGRSO GSGDLO G SGRLO

7.99 44651 17.02 103343 8.87 8221 15.14 12169
17.94 48978 17.61 120134 14.53 8995 10.40 11706
17.37 54002 14.14 93342 11.03 8332 14.32 24548
21.04 39165 22.82 70745 16.44 8451 20.75 28992
13.25 29878 26.56 93572 14.70 4804 12.12 13397
5.68 7745 45.58 118205 16.01 5379 23.90 12069
1.49 21702 41.89 181845 11.32 4013 20.48 9382
0.90 12955 20.27 78743 21.26 8529 31.31 26128
7.17 44788 32.40 132293 8.65 2982 25.07 9751

28.03 46381 30.22 91041 10.46 4638
20.92 51201 31.53 68369 21.60 7347
11.88 18794 25.92 8967
12.55 25369 19.76 3774
18.53 42697 19.98 4088
11.94 39483 7.75 1627
21.85 56489 14.03 2973
24.41 53390 21.93 5245

22.04 5304
25.14 7466

(9) (10) (11) (12) (13) (14) (15) (16)
rPBDSO GPBRSO GPBDLO GPBRLO WCBDSO WCBRSO WCBDLO WCBRLC

7.48 15844 8.44 39877 30.20 993 41.59 11478
11.78 16169 9.00 20414 26.37 8412 9.24 27490
10.72 15609 9.39 16965 -7.16 1986 46.39 51375
11.17 9771 11.37 25917 11.21 2791 24.32 60242
12.43 11453 18.53 17273 21.34 2978 7.97 30108
14.86 14283 21.01 17606 19.65 8296 15.74 47847
18.11 12020 24.06 21696 31.06 2447
18.38 11370 24.13 17777 34.41 899
16.33 15624 20.09 510
14.20 15581 36.65 1392
15.28 14680 0.00 364
14.74 13450 18.47 2774
15.59 15102 34.72 504
16.63 15067 28.20 4723
17.13 14494 30.56 4456
18.63 13295 29.44 4452
20.16 15126 3.20 2967
21.16 15839 14.41 643
23.61 16438 13.87 1624
24.98 15754 25.14 2243

19.44 12598
20.90 1696
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Price Discrimination in EMI 
Regression Data (Contd.)

(17) (18) (19) (20) (21) (22) (23) (24)
WSGDSO WSGRSO WSGDLO WSGRLO WPBDSO WPBRSO WPBDLO WPBRLO

8.47 6840 4.16 12564 9.95 5083 8.82 22939
-6.85 4748 12.92 12737 9.97 6263 12.14 20068
16.22 7792 7.08 10920 6.63 4771 18.43 24556
18.64 7254 8.94 11952 7.49 3500 19.24 16061
9.20 4741 9.97 16043 9.66 4382 27.60 30099
1.13 5558 15.23 12439 8.18 10091 13.56 18456

14.94 5105 25.82 10240 8.80 13250 11.50 27074
12.58 7696 22.50 10243 10.16 7792 12.91 33051
11.65 5391 24.37 18079 17.09 10324 19.37 78567
16.11 7165 25.26 12114 15.79 9506
13.22 4867 21.63 14101 17.69 10003
23.60 5522 21.60 9629 14.18 3931
15.88 3816 19.49 11795 11.33 6456
26.30 8127 9.68 5436
16.42 5380 7.32

9.02
17.98
14.84
15.95

1886
11061
2811
2274
2202
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APPENDIX III 

Figure I I I . l .  GE C ircu it  Breakers

Book Transaction Prices,  1 9 5 6 —1 9 6 2
5.5
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0. 5
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Date
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Figure III.S. Wh Circuit Breakers
Book and Transaction Prices,  1 9 5 6 —1 9 6 2
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Figure III.3. GE Switchgear
Book ana  Transaction Prices,  1 9 5 6 —1 9 6 2
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Figure I I I . 4.  Wh Switchgear
Book a nd Transaction Prices .  1 9 5 6 —1 9 6 2
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Figure III.5. GE Panelboards
Book and Transaction Prices .  1 9 5 6 —1962
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Figure I I I . 6.  Wh Partelboards
Book and Transaction Prices,  1 9 5 6 —1 96 2
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Figure I I I . 7.  Transaction P rices?  CBs
GE and Wh Circuit Breakers,  1 9 5 6 —1 9 6 2
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Figure I I I . 8.  Transaction P r i c e s ,  SG
GE ana Wh Switchgear ,  1 9 5 6 — 19 62
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Figure III.9. Transaction Prices, PBs
GE and Wh Pa ne io oa ra s .  1 9 5 6 —1 96 2
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Chart I I I . l .
Incidence  of Duopoly Behavior

Date

PCBs—Greer's Std. RnSSSI PCBs —Scherer 's  Std.  VZ//X SG —Greer's Std.

Px^Vl SG - S c h e r e r ' s  Std.
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Table I I I . l .  The  Philadelphia  Cases: EMI

Defs. All Defs
Date Case No. Product GE m of EMP

2.16.60 ■ £0235b Oil Circuit Breakers B B 5
2.16.60 20236 Low-Voltage Power

Circuit Breakers B B 3
2.17.60 20238 Insulators B 8
2.17.60 20239 Lightning Arresters B B 7
2.17.60 20240 O pen-Fuse  Cutouts B B 8
2.17.60 20241 Bushings a B 4
5.19.60 20348b Power Switching Equipm ent B B 8
5.19.60 20349 Isolated Phase Bus a a 4
5.19.60 20350 Navy and Marine Switchgear a a 3
5.25.60 20361 Power Transformers B a 6
5.25.60 20362 Distribution Transformers B a 7
5.25.60 20363 Network Transformers B a 6
5.25.60 20364 Instrument Transformers a a 3
6.22.60 20398b Industrial Control a a 6
6.22.60 20399b Power Switchgear Assemblies a a 5
6.23.60 20400 Low-Voltage Distribution

Equipment B a 6
6.29.60 2040 l b T urb ine-G enera to r  Units B B 3
6.29.60 20402b Condensers a 7
9.15.16 20488 Power Capacitors B a 6
10.20.60 20508 Watthour Meters B a 3

Total 19 12 108

Source: Adapted from Tomic (1985), Table A - l ,  p p .141-42.

Notes: (a) Defs. means defendants  and EMI means Electrical M achinery  Industry; (b) These 
are cases in which the DOJ opposed nolo contendere pleas; b identifies cases involving either 
G E or Wh or both firms.
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Table III.2 . U.S. Regions Served by EMI, 1957-62

Good

Panelboards

SICa

3611

Switchgear including 
Circuit Breakers 3613

Regions

Northeast: Massachusetts; Connecticut;
New York; Pennsylvania.

East North Central: Ohio; Illinois;
Wisconsin.

West N orth Central.
South: Florida.
West: California.

New England: Connecticut.
Middle Atlantic: New York; New Jersey;

Pennsylvania.
East North Central: Ohio; Indiana;

Illinois; Michigan; Wisconsin.
West North Central.
South: Texas.
West: Oregon; California.

Source: Adapted from U.S. Bureau of the Census.(1957 ed.). "Electrical Transmission,
Distribution and Industrial Apparatus." 1958 Census of M anufacturers: Table 2, 36A -8 ,9 .b

Note: (a) SIC means standard industrial classification.
(b) Table 2 presents "General Statistics by Regions and States."
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