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ABSTRACT 

This research re-examines empirically the Schumpfe-

terian hypothesis that markets characterized by large, 

monopolistic firms are technologically more progressive than 

markets characterized by small, competitive firms. Existing 

empirical analyses of this proposition generally fail to 

measure technological change correctly, often ignore market 

structure variables other than market concentration, and 

usually define markets so broadly that the data employed are 

likely to be meaningless. 

The relationship between market structure and tech

nological change is re-examined in a way which attempts to 

avoid the difficulties in the existing literature. The 

focus of this research is on technological change, in the 

form of product quality improvement, in several high 

fidelity audio component markets. High fidelity components 

are analyzed because quality changes in components can be 

measured precisely and because component markets are 

narrowly defined and are not aggregations of several dif

ferent product markets. 

Product quality improvement is measured by changes 

which occur over time in technical specifications of high 

fidelity components. The importance of technical specifica

tions as indicators of component quality is generally 

xi 
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recognized and is demonstrated in this research by the 

ability of quality variables to explain variations in price 

among models of components. The rate of quality improve

ment in each component is estimated by averaging the rates 

of change in various qualities identified with a component. 

Because improvements in some qualities may be more important 

than improvements in other qualities, the rate of change in 

each quality variable is weighted by a measurement of its 

importance. The importance of a change in a quality variable 

is measured by the elasticity of price with respect to the 

quality variable. Estimates of quality elasticities are 

obtained by double logarithmic regression of price on 

quality variables for a sample of models from each high 

fidelity component market. The analysis of the relationship 

between price and quality also examines whether character

istics of firm, such as firm age and firm advertising, 

explain component price variations. 

Weighted estimates of rates of quality change in 

eleven high fidelity component markets are the basis for 

examining the relationship between the rate of quality 

change and market structure in the high fidelity component 

markets. The principal means of analysis are regression and 

rank correlation analysis. The market structure variables 

included in the analysis are market concentration, total 

market size, market growth rate, average size of firms in 

the market, and technological opportunity for product 
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improvement. The results of multivariate regressions of the 

rate of quality change on the market structure variables 

suggest that there is not a significant, systematic rela

tionship between the rate of technological change and market 

structure variables. Rank correlation analysis, however, 

provides some evidence that average size of firms in markets 

and also market size are significantly and negatively corre

lated with the rate of technological progress. The results 

of the analysis, then, provide no support for the Schumpe-

terian hypothesis regarding firm size, monopoly power, and 

technological progress. 



CHAPTER 1 

INTRODUCTION 

One of the most interesting unresolved issues among 

economists is the nature of the relationship between tech

nological progress and the structure of product markets. 

Schumpeter (1942) initiated this continuing debate by sug

gesting that monopoly provides superior financial ability 

and incentive to engage in technological activity and there

fore accelerates the pace of technological invention and in

novation. Since Schumpeter stated his hypothesis, most of 

the attention has been focused on two major elements of 

market structure, market concentration and absolute firm 

size. Some economists maintain that technological progress 

is more rapid if a market is composed of fewer and larger 

firms, whereas others contend that rapid progress is asso

ciated with smaller firms and less concentrated markets. 

Several empirical examinations of the market 

structure-technological progress relationship have been made, 

sometimes with questionable methods and conflicting results. 

At least three major problems exist with the statistical 

research. First, inadequate measures of technological out

put are employed. For example, technological input, in the 

form of research and development activity, is often sub

stituted for technological output. Second, the influences 

of market structure variables other than market concentration 

1 
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ratios are often ignored. Third, markets are usually 

defined so broadly as to include several products or indus

tries, thus blurring the measurements of both technological 

change and market structure variables within a specific 

product market. 

The purpose of this research is to re-examine 

empirically the hypothesis that the rate of technological 

progress among product markets is systematically related to 

the structure of markets. This is accomplished by develop

ing an explicit measurement of technological progress in 

eleven high fidelity component markets, identifying and 

measuring several theoretically important market structure 

variables for these eleven markets, and statistically ana

lyzing the relationships among the rate of technological 

change and the market structure variables. 

This analysis is significant in that it avoids the 

difficulties encountered in previous research by correctly 

measuring technological progress, by considering relevant 

market structure variables, and by properly defining markets. 

In order to correctly measure technological progress 

this research focuses on one form of technological progress— 

product quality improvement. Technological progress may 

occur in several ways: creation of a distinctly new pro

duct, development of new ways to produce a product and 

improvements in an existing product. The emphasis in this 

research is on product quality improvement because it is 
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measurable in the case of high fidelity components and be

cause technological activity in the components industry is 

directed principally toward product quality.improvement. 

Technological progress is measured by the changes which have 

occurred in the quality of high fidelity components. The 

quality of a high fidelity component is explicitly identi

fied with a unique set of measurable technical specifica

tions, such as power, frequency response, and distortion. 

Differences in the specifications among models of a compo

nent distinguish levels of quality. Because specifications 

measure quality, changes in the quality variables over time 

measure product quality improvement. 

As a basis for estimating quality improvement in 

each component market, a representative state of the arts 

model is selected in each of two recent years, in most cases 

1968 and 197 3. The specifications which are relevant to the 

component are identified, the differences in the specifica

tions of the two models are measured, and the changes in the 

specifications are expressed as rates of change. The rates 

of specification change are weighted by implicit elastici

ties of product price with respect to the respective 

qualities. Quality elasticities, estimated by double 

logarithmic regressions of price on quality variables, are 

employed to measure differences in importance among quality 

improvements. The rates of specification change, weighted 

by the relevant quality elasticities, are then averaged. 
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Because the time period over which quality change is 

measured is not identical among components, the average is 

divided by the number of years over which specification 

changes are measured. The resulting measure is defined as 

the average annual rate of product quality change. 

In order to consider the various dimensions of 

market structure in addition to market concentration, 

several pertinent elements of market structure are identi

fied, and measurements are made for each of the eleven 

component markets. The market structure variables are those 

which are suggested by the relevant literature and for which 

data are available. The variables are (1) the five firm 

market sales concentration ratio, (2) the average firm size, 

(3) the market growth rate, (4) the size of the market, and 

(5) the technological environment of the market. 

Markets are narrowly defined in order to obtain 

relatively accurate measurements of technological progress 

and market structure variables. Each high fidelity compo

nent is the basis for a distinct product market. Other 

interindustry analyses examine only broadly defined markets, 

such as those at the two, three, and four digit levels in 

the Standard Industrial Classification. Broadly defined 

markets are aggregates of several distinct product markets 

which may differ significantly in market structure or in 

technological change; measurements taken from aggregated 

markets may not accurately reflect the structure and the 
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technological activity of the underlying markets. Analyses 

based on distinct product markets, such as high fidelity 

components, avoid the blurring and distortion of critical 

measurements which may occur with analyses based on more 

broadly defined markets. 

The relationships between the rate of quality change 

and market structure variables are examined principally by 

regression analysis, although rank correlation coefficients 

are estimated for the rate of quality change and each of the 

structural characteristics. The analyses provide no strong 

evidence that intermarket rates of quality change in high 

fidelity components are systematically related to the market 

structure variables employed in the analyses. 

The literature that is relevant to the market 

structure-technological change issue is examined in Chapter 

2, with concentration on the methods used in the empirical 

analyses and the difficulties associated with them. Chapter 

3 is an in-depth description of the methods employed to 

measure technological change and market structure variables. 

Particular emphasis is placed on the methodologies of 

selecting and measuring quality variables, measuring the 

importance of quality variables, and selecting preference 

models for each product. The results of the research are 

divided into two parts and are presented, in Chapters 4 and 5. 

Chapter 4 involves an extensive analysis of the relation

ships of quality and firm variables to component prices; i 



6 

this analysis is especially important in that it establishes 

support for the critical assumptions that important quality 

variables are identifiable and that comparable measures of 

their importance are possible. Estimates of the rates of 

quality change and the statistical analyses of quality 

change-market structure relationships are presented in 

Chapter 5. Finally, Chapter 6 summarizes the research and 

lists the major findings of the analyses. 



CHAPTER 2 

A REVIEW OF THE LITERATURE 

Schumpeter (1942, p. 101) initiated a continuing 

debate among economists by proposing that product markets 

dominated by a few large firms are more likely to be pro

gressive, in terms of technological change, than markets com

posed of a large number of small firms. In recent years, a 

large body of literature, both theoretical and empirical, 

has been generated in response to Schumpeter1s hypothesis 

concerning the relationships among market structure, firm 

size, and technological progress. Most of this literature 

is centered on market concentration and firm size, although 

some of the more recent analyses introduce other structural 

elements. This chapter presents a synthesis of the theo

retical literature which is pertinent to an analysis of 

market structure-technological change relationships in high 

fidelity component markets. The chapter also examines 

several major empirical studies of technological change and 

market structure, with particular emphasis on the method

ologies employed in the statistical analyses. 

The Theoretical Literature 

The theoretical literature specifies a number of 

aspects of market structure which may be associated with 

7 
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variations in technological inputs and outputs among markets. 

The major elements of market structure which have been 

analyzed include the number and size distribution of sup

pliers (sellers) of inventive outputs, the absolute size and 

growth rate of markets, the absolute size of firms producing 

inventive outputs, and the opportunity for technological 

progress which exists in an industry. The following sub

sections review the theoretical literature corresponding to 

these elements of market structure. The first subsection 

concentrates on the ways in which elements of market struc

ture may affect the ability to invent and innovate and the 

second subsection concentrates on the relationship between 

market structure elements and the incentives to innovate. 

Market Structure and the Ability to Innovate 

Market Concentration and the Ability to Innovate. 

Schumpeter (1942) and Grabowski (1968) suggest that the 

ability to finance inventive and innovative activity may 

vary with the degree of market power and concentration. 

Highly concentrated, monopolistic markets often are linked 

with above normal and relatively stable profits; and the 

size and stability of profits may determine the extent of 

technological commitments. Where research and development 

are expensive, where they are risky, and where the payoffs 

accrue only after long periods of time, highly concentrated 

markets may provide superior ability to sustain innovation. 
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Innovation is also probably a function of a human 

element—entrepreneurial, managerial, and creative talent. 

Schumpeter (1942) and Hennipman (1954) point out that con

centration of the existing superior talent into a monopol

istic firm or into a few highly concentrated firms may 

result in greater technological output, if creative talent 

functions more effectively in the presence of other creative 

talent. Jewkes, Sawers, and Stillerman (1959), on the other 

hand, argue that creative talent often demands independence, 

in which case diffusion of talent among a large number of 

firms results in greater creative output. 

Firm Size and the Ability to Innovate. The ability 

to invent and innovate can vary not only with market power 

and concentration, but also with firm size. Villard (1958) 

contends that the relationship between firm size and the 

intensity of technological activity, that is, the proportion 

of firm sales devoted to technological development, has 

implications for the market structure-technological change 

relationship. For example, if innovative activity increases 

more rapidly than firm size, consolidation of a large number 

ff small firms into a small number of large firms will 

stimulate innovation. Also, if large firms devote a larger 

proportion of their resources to innovative activity, 
I 

markets composed of large firms will be more progressive 

than markets composed of small firms, other things being 
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equal. Therefore, if firm size is related to the intensity 

of technological activity, the average size of firms in 

markets may be related to variations in technological 

progress among markets. 

There are three major arguments which favor large 

firms. First, Galbraith (1956) asserts that the costs of 

R&D may be so great that only large firms can afford to 

assemble the smallest possible R&D operation. Second, 

Jewkes et al. (1959) indicate that there may be economies of 

scale in R & D. Given firm size, large R&D operations may 

be more efficient than small ones. Economies of large scale 

R&D can occur because of (1) specialization in personnel 

and equipment, (2) lower costs with large scale purchases of 

R&D equipment and supplies, and (3) risk pooling, which 

occurs when many, rather than one or a few, high risk pro

jects are undertaken. Therefore, large firms, with large 

R&D operations of a given size, are heir to the economies 

of large scale in other areas of the firm. Because of the 

advantages possessed by large firms in the promotion and 

physical distribution of new products, innovations are more 

likely to succeed and can penetrate markets more rapidly. 

Also, large firms may attract additional capital in larger 

quantities and at lower cost than smaller counterparts. 

On the other hand, large firms and large R&D 

staffs may retard progress, because of the implied remote

ness of the residual income residual recipient. Once the 



possibility of shirking by employees is admitted, size can 

have disadvantages (Silver and Auster 1969). Institutional 

entropy will also proceed further and faster in large firms 

(Auster 1974). Thus, R&D productivity, per dollar of 

firm sales or per dollar of R & D input, may be adversely 

a f f e c t e d  b y  l a r g e  f i r m  s i z e  o r  b y  l a r g e  s c a l e  R & D .  I f  

entrepreneurial control of a firm and its divisions (for 

example, R&D departments) diminishes as firm size or R & D 

size increases, and if diminishing control implies increased 

institutional entropy and reduced productivity, R&D output 

per dollar of input can be expected to be less in large 

scale firms or large scale R&D departments. Similarly, 

Hamberg (1963) and Jewkes et al. (1959) suggest that imagin

ative ideas may become enmeshed in bureaucratic red tape, 

emerging, if at all, only after considerable delay and in a 

diluted form. A related problem is the possibility that 

creative personnel may be tied up in red tape or lured into 

supervision. Or, the bureaucracy may drive creative, indi

vidualistic personnel out of the firm. 

Technological Opportunity and the Ability to In

novate . Comanor (1967) and Scherer (1967b) argue that the 

ability of an industry to be technologically progressive 

depends on the technological environment of the industry. 

The potential supply of innovations may be greater in indus

tries which are based on a new, rich, and growing technology, 
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such as electronics, than in industries which are based on 

an older, intensively exploited technology, such as a mech

anical technology. The opportunity for product innovation, 

then, may explain variations in rates of innovation among 

industries. 

Market Structure and the Incentives to Innovate 

Although the ability to innovate may be strong, 

ability must be transformed into action for progress to 

occur. Hennipman (1954) argues that progress occurs when

ever a firm in a market is provided with sufficient incentive 

to innovate. The problem with which the literature is con

cerned is the nature of the relationship between the incen

tive of a firm to innovate and the structure of the market 

in which the firm resides. If a firm's incentive to inno

vate is a function of the structure of the market in which 

it resides, then, market structure will influence the inno

vation record of industries. The following subsections 

identify the ways in which market structure may affect these 

incentives. 

Monopoly, Competition, and the Incentive to Innovate. 

The significant analyses of the role of market power and 

concentration in promoting technological progress suggest 

that no unqualified conclusion favoring one form of market 

organization or another has been reached. Although some of 

the analyses, such as those by Arrow (1962) and Demsetz 



13 

(1969), conclude that a particular market structure has a 

distinct advantage over another, the arguments are based on 

special conditions. In particular, the superiority of one 

form or another appears to depend on whether imitation or 

subsequent innovations by others can occur and whether the 

innovation is a substitute for an existing product, is a 

complement to it, or is unrelated to it. 

Arrow (1962) and Ng (1971) demonstrate that a com

petitive structure is preferable, in terms of providing a 

greater incentive to innovate, even if competitive output is 

not greater than monopoly output. Their argument is. that, 

when considering innovation, a pure monopolist must deduct 

from the expected return to the innovation lost returns in 

the existing product market. In a competitive environment, 

potential innovating entrants have no existing return to 

consider and, as Hennipman (1954) suggests, competitive 

firms have to consider a lost return equal to only a 

fraction of the existing market. Because the loss from a 

given existing market is greater when the market is monopo

lized, a competitive organization provides greater incentive 

to innovate. 

Ng (1971), however, admits that his and Arrow's 

conclusion is based on net return per time period. Although 

the net return to a competitive innovator is greater for a 

given time period, potential innovators in a competitive 

environment must anticipate future innovations by others, 
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whereas a monopolist, having power to control future innova

tion, may expect greater total net returns over the life of 

the innovation. Ng, however, fails to indicate that the 

control of innovation by the monopolist, although it may 

provide greater total incentive to create a given innovation, 

also may reduce the monopolist's incentive to create a sub

sequent innovation. 

Arrow's (1962) and Ng's (1971) analyses are con

cerned implicitly with the special case where an innovation 

is a substitute for an existing product. Hennipman (1954) 

suggests that, in the case where an innovation increases the 

demand for an existing product, the total market return from 

the innovation is greater when the existing product is 

monopolized. Because the total return from an innovation 

must include the increased returns in the existing product 

market, the amount of the total return varies with the pro

portion of the existing market which is controlled by the 

innovator. 

As Ng indicates, monopoly's advantage, in terms of 

incentive to innovate, depends on the inability of innova

tors in competitive markets to forestall future innovations, 

which shorten the life of a given innovation and reduce its 

expected return. The argument contrasts incentives where no 

competitive innovation or imitation is possible with incen

tives where no restraints on competitive innovation exist. 

However, Scherer (1967b) and Hennipman (1954) indicate that 
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variations in the innovative incentive also may exist among 

markets in which imitation and subsequent innovation are not 

excluded. They suggest that, for the class of markets where 

imitation or subsequent innovation are possible, the in

centive to innovate is a function of the number of firms in 

the market. 

With respect to the case where imitation is possible, 

S.cherer (1967b) makes a distinction between total market 

returns prior to innovation, which are quasi-rents to the 

innovator, and total market returns after imitation, which 

are shared by all firms in the market. Preimitation profits 

vary with the number of equal-sized firms in the market. 

This is so because a firm in an atomistic market gains its 

competitors '• share of the market during the preimitation 

period. 

According to Scherer (1967b) the inducement to 

innovate also is a function of the postimitation profits 

which a firm hopes to internalize. And, the proportion 

which a firm can internalize varies with the number of firms 

in the market. Where a firm does not expect any permanent 

increase in its existing market share resulting from being 

the innovator, the proportion of postimitation returns 

which a firm can internalize declines as the number of firms 

in the market increases. This reduces the incentive to 

innovate in less concentrated markets. In addition, if 

pricing discipline deteriorates with increasing numbers of 
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rivals, the total market return also may decline. However, 

by being first into the new market and either leasing the 

innovation to rivals or establishing an image or reputation 

over rivals, an innovator may be able to increase its share 

of a market permanently. In this case, a potential inno

vator in a less concentrated market has more to gain, in 

terms of postimitation profits, than a potential innovator 

in a more highly concentrated market. This is because of 

the large share of the market which the competitive firms 

does not presently control. 

These analyses of the role of market concentration 

emphasize the inducement to innovate which is provided by 

potential profit. Hennipman (1954), however, contends that 

incentives to innovate based on expected profit may not be 

sufficient to stimulate technological progress. Where firms 

are content with the status quo, the lure of added profits 

may be insufficient to induce technological activity. Where 

monopoly power exists, complacency may result; but where 

atomistic conditions exist and the number of decision-making 

centers is large, it is more likely that at least one firm 

will not be complacent. 

Although a firm or firms in a monopolistic environ

ment may not respond to positive incentives, few firms in 

any market are free from the fear of losses to and replace

ment by existing or potential competition. Not even 

monopolies are immune to what Hennipman calls "active 
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competition." Potential losses to innovative competitors 

exist in any market where there are competitors and poten

tial competitors. And, while a firm in an atomistic market 

may be able to gain much by innovation, a firm with a large 

market share is faced with potentially large losses if the 

penalties for imitating rather than innovating are severe. 

Under monopolistic conditions, restrictive agreements in

volving product or quality competition may be difficult to 

maintain, and product competition may occur in lieu of price 

competition. In addition, a desire to prevent new entry by 

being technologically superior may encourage existing firms 

to be techno]ogically dynamic. Therefore, whenever potential 

competition from other innovation is a possibility, induce

ment to innovate will be strong and may be stronger in 

highly concentrated markets, where large losses may occur by 

not being innovative. 

Size and Growth Rate of Markets and Incentive to 

Innovate. Branch (1973) and Leonard (1971) suggest that, 

because the total market rewards from innovation represent a 

positive incentive to innovate, the size and growth rate of 

existing markets may account for variations in technological 

progress among markets. Where an innovation is a substitute 

for or a complement to an existing product, the expected 

total market returns from an innovation are obviously 

greater with large markets than with small markets. The 



growth rate of the market also may act as an important 

stimulant to innovative activity because growing markets in

crease market size and provide larger payoffs. Rapidly 

growing markets, where opportunities exist for tapping new 

consumers not yet attached to a particular model or brand, 

may induce firms to engage in strong product differentiation 

efforts. Conversely, where market growth is slow, attempts 

to stimulate growth through new or improved products may 

result in strong innovative activity. Rapidly growing 

markets also increase the present value of expected total 

returns from innovation by reducing the period of time over 

which the returns must be discounted. The size and growth 

rate of markets, then, influence the rate of technology in 

an industry, by affecting the size and present value of 

expected total market returns from innovation. 

In summary, the ability to innovate may vary among 

markets on the basis of market concentration or market power 

and on the basis of the size of the firms which compose the 

markets. The incentives to innovate may vary on the basis 

of market concentration, market size, and market growth 

rate. From an a priori standpoint, the direction of the 

relationships among rates of technological change and 

various market structure characteristics—concentration, 

average firm size, market size, and market growth rate--

cannot be determined. The problem is one which can be 

settled, if at all, only by empirical investigation. The 



following section summarizes the statistical research which 

is related to this problem. 

The Empirical Literature 

Statistical research into the relationships between 

technological activity and market structure variable has 

been of two general types. One approach examines the market 

structure-technological activity relationship among several 

industries; this approach can be termed "interindustry" 

analysis. The second approach, which can be termed "intra-

industry" analysis, focuses on the relationship between firm 

size and technological activity. Virtually all studies are 

faulted by their reliance on measures of technological 

change which are essentially inputs into technological 

change rather than change itself. If entropy is a serious 

problem, this is a severe defect. 

Interindustry Analyses 

The Nature and Results of the Analyses. From a 

theoretical standpoint, differences in technological inputs 

and outputs among industries may be explained by market 

structure variables. Weiss (1963), Scherer (1965b, 1967a), 

Phillips (1966), Comanor (1965, 1967), and Grabowski (1968) 

employ regression techniques in which they attempt to 

account for interindustry variations in technological 

activity with several market structure variables. Weiss 

(1963) includes industry growth rate, and Comanor (1967) 

includes market entry barriers. Scherer (1965b, 1967a), 



Phillips (1966), and Comanor (1967) consider an additional 

structural characteristic, the technological environment of 

industry. They demonstrate that the nature of the tech

nology (for example, mechanical, chemical, and electronic) 

with which an industry works is related to the opportunity 

for the output of technological improvements. They also 

distinguish technological output among industries on the 

basis of opportunity for product differentiation. Oppor

tunity for product differentiation is distinguished by 

whether products are consumer or producer goods and whether 

they are durable or nondurable goods. 

The results of the analyses are generally contra

dictory with respect to the structural variables. An ex

ception is the relationship between technological activity 

and technological opportunity; variables for technological 

opportunity are significantly and consistently related to 

technological activity measures. Concentration and firm 

size variables generally are statistically insignificant 

when the analyses are based on broad cross sections of 

industries. However, high multicolinearity among structure 

variables occurs in numerous cases, which may explain some 

of the insignificant coefficients. 

Criticisms of the Analyses. There are three major 

problems with the interindustry analyses which can be 

identified and discussed. First, there is evidence that the 
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relationships between technological activity and market 

structure variables are more complex than the relationships 

specified in the regression models. Second, industries are 

too broadly defined to measure relationships accurately. 

And, third, the measures of technological activity do not 

appropriately measure technological output. 

With respect to specification errors, there is 

evidence that the relationship between technological 

activity and market structure variables differs among 

various groups of industries; but the models do not recog

nize the differing relationships. For example, Scherer 

(1967a) finds that the coefficients for concentration are 

significantly different in two regressions of technological 

activity on structure variables. One regression is based on 

a group of industries which functions with a "traditional" 

technology, and the other is based on a group of industries 

which functions within a "mechanical" technology. Comanor 

(1967) presents evidence that concentration is positively 

and significantly related to research activity in indus

tries where product differentiation is limited, but that the 

relationship is not significant where the opportunity for 

differentiation is high. These findings suggest that the 

technological activity-concentration relationship may vary 

among groups of industries. One method of handling the 

problem of these different relationships is to employ dummy 

variables distinguishing industries (for example, on the 
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basis of technological opportunity) and also interaction 

variables involving the dummy variables and market structure 

variables. Surprisingly, the existing studies do not employ 

interaction variables to distinguish relationships between 

technological activity and a given structure variable which 

vary with other structural variables. 

Another specification problem is that nonlinear 

relationships are not considered. Comanor (1967) shows that 

the relationship between technological activity and average 

firm size differs for industries which are generally com

posed of small firms and industries which are generally 

composed of large firms. In the small firm group, industry 

research and development expenditures per dollar of industry 

sales increase as the average size of firms increases. In 

the group of industries characterized by large average firm 

size, the relationship between industry R&D per sales 

dollar and average firm size is not significant. 

The second problem with the interindustry analyses 

is that the industries in the samples are selected from 

those at the two and three digit levels in the Standard 

Industrial Classification. For example, Comanor (1967), 

Scherer (1965a), and Phillips (1966) employ three digit 

industries, such as office machinery, textiles, and petro

leum. Each industry, then, is a composite of a number of 

distinct product markets, which may be quite varied in 

terras of technological activity and market structure. 
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Measurements of concentration of technological activity may 

be meaningless when they refer to aggregated markets. 

The third major problem is that the various measures 

of technological activity employed do not measure techno

logical change appropriately. A number of measures of in

ventive and innovative activity are used, the most common 

being industry expenditures for R&D and employment of 

R&D personnel. The number of significant inventions, the 

number of patents issued, and estimated sales associated 

with patents are also employed. 

Discussions of the merits and disadvantages of the 

measures of technological activity employed by various 

researchers are presented by Kuznets (1962), Sanders (1962), 

and Mueller-(1966). The major objection to measures of re

search and development activity is that they represent in

ventive inputs rather than outputs. As Kuznets argues, the 

magnitude of inventive inputs cannot be expected to be 

closely related to the number or significance of inventive 

outputs. His example is the case of two identical inven

tions (outputs), independently produced. Although two out

puts do not represent greater output than a single output, 

obviously greater input occurs. In addition, the input does 

not in any way measure the value of the output. 

There are also objections to using the number of 

inventions and the number of patents issued as measures of 

inventive output. First, according to Mueller (1966), the 



propensity to patent inventions or new products may vary 

among firms and among industries, some firms patenting a 

discovery no matter what its expected significance, and 

others patenting only those of major importance. Second, 

not all inventions and improvements are patented, because of 

patenting costs, fear of imitation resulting from compulsory 

disclosure of the nature of the product, court costs in

volved in patent infringement cases, and ability to gain 

rewards without patenting. Third, as Sanders (1962) argues, 

simply counting the number of patents issued or the number 

of new products introduced indicates noting about signifi

cance in terms of economic contribution of patents of the 

associated new products. 

In order to estimate the value of pharmaceutical 

patents, Comanor (1965) weights each patent by the sales 

associated with the patented product in its first two years 

on the market. This is a step in the right direction; how

ever, it is, at best, a gross approximation to value and 

ignores unpatented new products and improved products. 

Also, the value of a patented product over its lifespan may 

not be proportionate to its value during the two year period 

from which he takes his measurements. 

Intraindustry Analyses 

Intraindustry analyses are concerned with the rela

tionships between firm size and inventive activity within 
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industries. The investigations examine whether inventive 

inputs or outputs, as a proportion of firm size, are greater 

in large firms than in small firms. Inventive activity as a 

proportion of firm size is commonly called the intensity of 

inventive activity. Villard (1958) argues that if the in

tensity of inventive activity increases with firm size, 

industries composed of large firms are desirable, at least 

from the standpoint of technological progress. Similarly, 

if inventive intensity increases with firm size, an in

dustry's total inventive activity can be increased by con

solidating firms into fewer and larger firms. Increasing 

industry concentration, then, expands total industry inven

tiveness by increasing the average size of firms. 

There are a number of analyses which examine the 

relationship between the intensity of a firm's technological 

activity and firm size. Scherer (1965b) finds that inventive 

intensity decreases as firm size increases among the 

nation's largest companies. On the other hand, Worley 

(1961), Hamberg (1964), and Comanor (1967) present evidence 

whichssuggests that, where industries are mostly composed of 

large firms, inventive intensity is not significantly 

related to firm size in most of the industries examined. 

Comanor also finds that inventive intensity declines with 

firm size in industries mostly composed of small firms. 

Grabowski (1968) presents evidence for three industries 

which shows that prior success with research, availability 



26 

of funds, and extent of product line diversification sig

nificantly explain variations among firms in research inten

sity, whereas firm size is not significant. The results of 

the analyses, therefore, suggest that no advantage, in terms 

of more rapid technological progress, may be gained by re

structuring industries. The results also suggest that 

variations in technological activity among industries are 

not related to average firm size, at least in industries 

where firms are typically large. 

One criticism of the intraindustry analyses is that 

they employ the same inadequate measures of technological 

activity employed in the interindustry analyses. Another 

criticism is that, rather than emphasizing the market con

centration element, the intraindustry approach disregards 

the effects of concentration on technological activity. 

For example, if inventive intensity decreases with firm 

size, the effect of creating smaller firms in a market will, 

by itself, increase total technological activity in the 

market. However, if low concentration markets are less 

inclined to active innovative activity as a result of their 

concentration, deconcentration of markets will, by itself, 

decrease total technological activity in the market. In 

this case, the net effect is indeterminate. Therefore, a 

given relationship between inventive intensity and firm 

size cannot be used as a definitive argument favoring market 

reorganization. 



Summary 

On balance, the a priori arguments about the rela

tionship between technological progress and market structure 

do not clearly favor one form of market organization over 

another. The theoretical arguments with respect to major 

structural characteristics--concentration, firm size, market 

growth, and technological opportunity—have been analyzed 

empirically by several researchers. In many cases, the 

results of the statistical examinations are not consistent 

with each other. Differing results may be due to inappro

priate measurement of both technological change and structure 

variables and failure to consider potentially significant 

market structure variables. Analysis of the results of the 

empirical studies suggests that the market structure-

technological change relationship is highly complex. 

This research is an additional attempt to determine 

whether market structure is statistically related to the 

rate of technological change. No attempt is made to extend 

the theoretical analysis of market structure-technological 

change relationships. To examine the relationship empiri

cally, a unique method of measuring technological progress, 

in the form of product quality improvement is proposed, and 

measurements of product quality improvements are made for 

several narrowly defined products. By measuring techno

logical change appropriately, by including several market 

structure variables for narrowly defined markets, and by 



concentrating on an interindustry analysis, the research 

attempts to avoid the major difficulties which occur with 

the existing analyses. 



CHAPTER 3 

METHODOLOGY 

In this research, the relationship between the rate 

of technological change and market structure is re-examined 

in a way which avoids some of the difficulties encountered 

in previous analyses. Technological innovation, in the form 

of product quality improvement, is measured in eleven high 

fidelity component markets; several pertinent elements of 

market structure are identified; and multivariate regression 

analysis is employed to examine whether the structural 

variables explain the variation in rates of technological 

change among the component markets. The following sections 

describe the model developed to explain variations in tech

nological change among high fidelity component markets, the 

sample of products upon which the analyses are based, the 

manner in which technological output is measured, and the 

market structure variables which are included in the 

analyses. 

A Model of Technological Change 

Technological change may occur in several ways, in

cluding invention of distinctly new and different products, 

development of new processes for producing existing products, 

and improvements in existing products. This research 

29 
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concentrates on the last of these methods — improvements in 

existing products—because under certain conditions it is 

possible to measure precisely the improvements that are 

made. A single equation model is developed to examine the 

relationship between the rate of quality change in eleven 

high fidelity component markets and several market structure 

variables identified in the review of literature. The 

regression equation is 

Q. = a + b,C. + b„S. + b0G. + b.F. + b^T. + u. i 1 1 2 x 3 x 4 x 5 x x 

where is the estimated rate of quality change for the ith 

component, C is the five firm market sales concentration 

ratio, S is total market sales, G is the average annual rate 

of sales growth, F is average firm sales, T is a dummy 

variable representing the technology base of the component 

taking a value of zero when the component is classified as 

electronic and a value of one when it is classified as 

electromechanical, and u is the error term. A rate of 

product quality change is estimated for each of eleven com

ponent markets, and the model is estimated by regressing the 

rate of quality change on the market structure variables. 

Descriptions of the Samples 

The Sample of Products 

The work of Griliches (1971a, 1971b), Dhrymes 

(1971), and Kravis and Lipsey (1971) on hedonic price 



indexes suggests that appropriate calculation of product 

quality change depends on three criteria. First, the 

quality of the product must be defined by a few explicit 

quality dimensions. Second, the quality dimensions must be 

measurable. Third, consumer buying decisions must be based 

principally on the measurable quality characteristics, so 

that measurable relationships between price and quality 

exist. When the first two criteria are met, quality changes 

are measurable; when the third is met, comparable measure

ments of the importance of the quality changes are possible. 

High fidelity components are selected for analysis 

because they satisfy the requirements for precise measure

ment of quality change. For each type of component, there 

is a unique set of quality characteristics, usually called 

specifications, which explicitly identify product quality. 

These quality characteristics are measurable and changes in 

the specifications are objective measurements of quality 

change. Because a method of measuring the importance of 

individual quality characteristics does exist, an average of 

the ra es of change in individual qualities can be computed. 

Eleven types of high fidelity components are in

cluded in the analysis: integrated amplifiers, basic power 

amplifiers, preamplifiers, tuners, receivers, automatic 

turntables, phonograph cartridges, speaker systems, head

phones, reel to reel tape decks, and cassette tape decks. 

Not all types of components are included in this list, 



however. For example, manual turntables and tone arms are 

sold together in some cases and separately in other cases. 

Either as a combined component or as separate components, 

the number of models for which data could be obtained is in

sufficient for analysis, and these components are omitted 

from the analysis. Eight track cartridge tape decks also 

are deleted because of the small number of models available 

for home use. Tape recorders are not analyzed, also because 

of data limitations. Specifications for the amplifier and 

speaker sections of tape recorders could not be obtained for 

a sufficient number of models. 

The sample is limited to the class of equipment in 

which quality characteristics are measurable and in which 

buying decisions are made principally on the basis of audio 

performance. For some types of audio equipment, however, 

quality is often identified with unmeasurable character

istics, such as styling, furniture, or convenience. As a 

result of personal inquiries at several retail outlets for 

high fidelity equipment, it appears that, for items such as 

home entertainment centers, automobile tape players, con

soles, portables, and compacts, unmeasurable quality charac

teristics are relatively important to customers. Because 

technical specifications often appear to be of incidental 

interest to consumers of these types of audio equipment, 

changes in specifications do not fully represent 
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technological progress in these markets; so they are 

excluded from the analysis. 

Samples of Component Models 

Because it is necessary to estimate relationships 

between price and quality variables for each type of com

ponent, a sample of brands and models available in 1973 is 

selected for each of the eleven components. The principal 

source of models included in the samples is Audio magazine's 

annual high fidelity product directory. For each type of 

component, the directory lists the manufacturers, their 

various models, and the manufacturers' specifications for 

their products. Not all manufacturers are listed, however; 

and in some instances, not all models produced by a manu

facturer are listed. Additional brands and models have been 

added to the samples by obtaining brochures and catalogs 

from as many manufacturers as possible. Although not ex

haustive, the samples probably represent a substantial 

majority of the available models of each component, and each 

sample does include the major firms in the market. 

Quality Variables and Their Measurements 

Equipment reviews in trade magazines, conversations 

with audiophiles and equipment servicemen, magazine articles, 

and manufacturers' specification sheets all suggest a set of 

potentially significant quality variables for each type of 

component. The quality variables selected for analysis are 



those which are commonly identified with a component. Be

cause the importance of a quality variable is to be deter

mined by its relationship to product price, no quality 

variable is excluded on the basis of a priori notions of 

importance. However, some quality characteristics, such as 

vertical and lateral compliance of phonograph cartridges, 

are not included in the analysis because of inaccessibility 

of data for a large number of models. 

One element of quality which could be associated 

with price differences among brands and models is product 

service record or expected frequency of repair. The ideal 

measure of this quality would be a record of past frequency 

of repair by brand name or by model, such as that reported 

for automobiles by various sources. Such a record, however, 

is not available for high fidelity components. In order to 

estimate a service rating for the brands included in the 

sample, a form listing brand names by component was prepared 

and taken to nine high fidelity equipment service organiza

tions in the Tucson area. In order to obtain greater ob

jectivity, the firms contacted performed only service 

functions; none sold components. Each firm was asked to 

rate the brands in terms of durability and freedom from 

service problems. Essentially, each firm responded that 

ratings could not be made on the basis of brand. Each model 

of any brand must be rated separately, they asserted, and 

the rating must depend not on the model's name but on its 
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price range. They concluded that brands and models in the 

same price range are comparable in service and that price is 

a proxy for service. Since reliable service ratings could 

not be obtained, the variable is not included in the 

analysis. 

With each type of component, there are character

istics or features which are measurable only in the sense 

that a model either may or may not embody the feature. For 

example, some tuners and receivers do not have an AM band. 

Some amplifiers are quadraphonic, others are stereophonic. 

These features obviously cause differences in price among 

models. Rather than restrict the samples to models which 

are homogeneous with respect to these features, and thus 

severely reduce sample sizes, dummy variables are employed 

to indicate the presence or absence of the major features. 

Because some quality variables could not be included 

in the regression models, a proxy variable, weight of the 

model, is employed in several cases. The argument for in

cluding weight as a proxy variable is greatest in instances 

in which non-measurable features are numerous (for example, 

sound on sound, sound with sound, echo, meters, and noise 

reduction systems in the case of tape decks) and in which 

difficulty exists in determining whether a model includes 

these features. Proxy variables for quality, such as weight, 

have been employed extensively in similar analyses of price-

quality relationships by Dhrymes (1971), Griliches (1971a, 
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1971b), and Kravis and Lipsey (1971). Weight is employed in 

this analysis on the assumption that certain product charac

teristics are either unknown or not directly measurable but 

are strongly correlated with weight. 

Data for technical specifications come principally 

from Audio magazine's annual high fidelity product directory. 

The data in their directory are furnished by the manufac

turers. Additional information comes from manufacturers' 

promotional literature, from trade magazines, and from 

retail sales outlets. The ideal specifications would be 

those obtained by using the same testing equipment, the same 

testing environment, and constant measurements with each 

model tested. Independent testing organizations do evaluate 

components and report the results, principally in trade 

magazines; the small number of models tested and reported in 

this manner, though, prevents use of this source of data. 

Fortunately, manufacturers of high fidelity quality compo

nents have the reputation of following measurement standards 

suggested by the Institute of High Fidelity and reporting 

reasonably accurate specifications. 

A Measure of Technological Change 

In order to calculate the rate of quality change in 

each component market, a representative state of the arts 

model is selected in each of two different years. Changes 

in specifications occurring over the time period are 
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measured and expressed as rates of change. Because changes 

in the several specifications identified with a component 

are not equally important, the rates of change in the indi

vidual quality characteristics are weighted by measurements 

of the importance of the quality changes and the weighted 

quality changes are then averaged. In order to express the 

average rate of component quality change as an average 

annual rate of change, the average is divided by the number 

of years over which the change is measured. For most com

ponents, quality change is measured for the period, 1968-

1973. However, because of data limitation, quality change 

for some components is measured over a shorter period of 

time (for example, 1970-1973). 

The Formula for Calculating Rates 
of Quality Change 

The formula developed to estimate the average annual 

weighted rate of quality improvement in high fidelity com

ponents is 

where 

= the average annual weighted rate of quality 

improvement in the ith product; 

qij (t) = t*ie specification for the jth quality v 

in the base year t; 

qij(t+n) qij(t) w 
ij (t+n) 

) 
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q±j (t+n) = the sPecification for the jth quality-

variable in years after the base year; and 

= the weight for the jth quality variable. 

A Proposed Measure of Quality Importance 

The importance or value of changes in quality 

variables is assumed to be ultimately determined in the 

marketplace. Quality changes are regarded to be important 

only if consumers recognize and accept them as being 

important. By their willingness to pay for varying levels 

of quality, consumers indicate which quality changes are 

significant to them. If consumers are willing to pay for 

additional units of quality, improvements in quality are 

valuable; if they are not willing to pay for higher levels 

of quality, improvements are not important to them. 

The key to measuring the value or importance of 

quality improvements, then, is found in the price which is 

related, usually implicitly, to a change in product quali

ties. Where product price differs with the level of 

quality, importance of quality change is indicated. How

ever, if some quality changes are not associated with a 

difference in product price, this does not imply that the 

quality is not important; rather, it indicates only that 

additional amounts of these qualities are not valuable to 

consumers. 
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Because quality variables identified with a compo

nent are measured by different scales, the implicit price 

per unit of a quality variable cannot be used as a measure 

of the importance of a quality variable. For example, power 

ratings for amplifiers, which are measured in terms of 

watts, are not related mathematically to frequency response 

ratings for amplifiers, which are measured in terms of 

cycles per second. This means, then, that the price per 

unit of amplifier power and the price per unit of amplifier 

frequency response are not comparable measures of the impor

tance of the two quality characteristics. Most high fidelity 

quality characteristics are measured differently; conse

quently, implicit prices per unit of quality do not measure 

the importance of quality variables. 

Product price changes which are associated with 

relative, as opposed to absolute, changes in quality 

variables are comparable, however. When relative changes 

are considered, the problem of different measurement scales 

for quality variables is avoided. The importance of a 

quality change, then, is measured by the price change which 

is implicitly identified with the relative change in quality. 

The greater the price change associated with a relative 

quality change, the greater is the value of the relative 

change in quality. 

In this research, the importance of quality changes 

is measured by the relative change in product price 



implicitly associated with a relative change in quality. 

The ratio of the relative change in price to the relative 

change in quality is termed "the elasticity of price with 

respect to quality." The "quality elasticities" are the 

weights for the rates of change in the qualities of com

ponents . 

Estimation of Weights for Quality Changes 

Estimates of quality elasticities are obtained by 

statistical analysis of the relationships between product 

price and technical quality variables. In order to deter

mine which qualities are significantly related to price, 

three basic equations are developed to explain price varia

tions among various brands and models of components. In the 

first equation, price variations are explained by technical 

quality variables only. Because price also may be a 

function of non-quality variables, the second equation 

explains price with quality variables and several variables 

which distinguish firms in the sample. In the third 

equation, dummy variables, which represent firms in the 

sample, and quality variables explain component prices. 

Dummy variables are included to account for unspecified 

quality dimensions and unspecified firm characteristics 

which are unique to a firm. The models are estimated by 

regressing the natural logarithm of price on the natural 

logarithms of quality variables for each component sample. 
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The estimated regression coefficients for the quality 

variables represent the quality elasticities, which measure 

the importance of quality changes. 

Analysis of Price and Quality Relationships. The 

first equation developed to explain price variations among 

brands and models of a component is 

InP = Za• InQ. + Xb.D. 
1 1 j j 

where P is the price of a component model; is the ith 

quality characteristic; a^ is the quality elasticity of the 

ith quality variable; is a dummy variable for jth non-

continuous quality feature, taking a value of zero when the 

feature is not included on a model and a value of one when 

the feature is included; and b^ is the parameter for the jth 

quality feature. The equation is estimated by regressing 

the natural logarithm of product price on the natural 

logarithm of quality variables and the dummy variables which 

indicate quality features. A regression equation is esti

mated for each of the eleven component on the basis of 

samples of models marketed in 1973. 

A logarithmic form of equation is chosen for several 

reasons. First, estimation of a double logarithmic equation 

provides the quality elasticities which are desired. Second, 

data for quality characteristics and price suggest that 

price may be an increasing, rather than a linear, function 

of quality variables. And, third, when firm dummy variables 
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are added to the regression model, a logarithmic equation is 

preferable to an arithmetic equation. This is because dif

ferences in prices among brands, which are represented by-

firm dummy variables, are more likely to be fixed percentage 

differences rather than fixed absolute differences. 

Analysis of Price, Quality, and Firm Variable Rela

tionships . Price differences among models in the samples 

also may be related to several variables which distinguish 

firms represented in the samples. Four variables—amount 

of advertising by firms, age of firms, number of years firms 

have been producing the component, and national origin of 

firms--are analyzed in order to determine whether variables 

other than quality explain variations among models of a 

component.1 

1. Two potentially significant firm variables, 
costs of production and firm size, could not be analyzed. 
Data for production costs of components could not be ob
tained from manufacturers. Data for firm size were also in
accessible. The usual sources for firm size, Dunn and Brad-
street and Standard and Poor publications, for example, pro
vided information for only a few of the largest firms in the 
market. In these few cases, only total firm sales were 
listed; sales by type of component were not given. Annual 
reports obtained from several firms did not list sales by 
component either. Requests for sales information were sent 
to each of the 110 firms represented in the sample, but only 
six provided data. Several organizations known to possess 
sales information—the Institute of High Fidelity, The 
Electronic Industries Association, McGraw-Hill, and Stereo 
Review magazine--were contacted but were not willing to 
release the information. Consequently, firm size could 
not be analyzed. 
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The magnitude of firms' advertising commitments may 

have some bearing on their pricing policies. If advertising 

outlays per unit of sales are greater for some firms, they 

may choose to pass the added unit costs along to the 

consumer in the form of higher prices. Also, some firms 

may feel that massive advertising differentiates their 

products and that they are therefore able to charge higher 

prices for given technical specifications. Advertising, 

then, may account for some of the variation in prices among 

brands and models of a component. 

Because there is no published source which lists 

advertising expenditures for most of the firms included in 

the sample, an advertising index was formed by counting the 

number of pages of advertising bought by each of the sample 

firms in the three leading trade magazines during 1972."'" 

The usefulness of the index is limited, however, for several 

reasons. First, being drawn from only one source of 

advertising, trade magazines, the index is only a rough 

measure of advertising outlays by the firms. Second, the 

number of pages indicates nothing about quality of advertise

ments or location of advertisements within the magazines, 

both of which affect advertising costs and advertising 

impact on consumers. Third, the index measures total 

advertising by firms, not advertising by component. This 

1. The magazines are Audio, High Fidelity and 
Musical America, and Stereo Review. 
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is because an advertisement generally features more than one 

component. A fourth and major limitation is that the index 

does not measure advertising per unit of sales. Because 

firm sales data are not available, advertising per unit of 

sales cannot be estimated. 

Two additional characteristics of firms may be 

associated with pricing policies: age of the firms and the 

number of years that the firm has been producing a given 

component. These two variables are related, but not 

identical. For example, there may be two new entrants into 

a component market, one firm with a brand name established 

with another type of component and the other firm with no 

history in any component market. The former may feel that 

it can use its brand image to price models of given quality 

higher than the latter firm; therefore, firm age is the 

critical variable. On the other hand, there may be two 

firms of equal age, one entering a new component market and 

the other already established in that market; the estab

lished firm may be able to price models higher than the new 

entrant can; therefore, in this case, the number of years 

that the firm has been producing the component is signifi

cant. 

Each of the 110 firms represented in the sample was 

sent a form requesting the age of the firm and how many 

years it had been producing each type of component under 

its present brand name. Forty-two firms responded with the 



45 

appropriate information. In each case where a responding 

firm produced more than one type of component, the firm did 

not introduce all lines of its components at the same time. 

Therefore, the age of the firm differs from the number of 

years the firm had been producing some of the components. 

For this reason, both variables are included in the analysis. 

The equation used to explain price with firm as well 

as quality variables is 

InP = E a^lnQ^ + Z ^jDj + c^lnA + C2I11F + c^lnC, 

where P is component price, is the ith quality variable, 

D is a dummy variable for the jth nonmeasurable quality 

feature, A is advertising by firm, F is firm age, and C 

is component age. Such an equation is estimated for each 

type of component on the basis of the sample of models 

available in 1973. In order to examine advertising on the 

basis of large samples, firm age and component age are 

deleted from the above model and regression equations are 

estimated for each component on the basis of samples of 

1973 models. 

Foreign manufacturers are included in the samples. 

Price may be related to the national origin of firms. In 

order to examine the relationship between price and national 

origin of firms, the following equation is estimated: 

InP = E a^lnQ^ + E kjDj + dN. 
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P is component price, is the ith quality variable, Dj is 

a dummy for the jth quality feature, and N is a dummy 

variable representing foreign origin of firms, taking a 

value of zero if the firm is a domestic firm and a value of 

one if the firm is a foreign firm. 

Determination of national origin of firms is diffi

cult. Many brands are distributed and, in many cases, are 

partly or wholly manufactured by domestic subsidiaries of 

foreign based, multinational parent firms. In these cases, 

which are numerous, classification of brands as foreign or 

domestic is often a subjective decision and may be meaning

less. Because of the difficulty encountered in determining 

national origin of firms, regression equations which include 

a variable indicating foreign origin are estimated only for 

basic power amplifiers and receivers. 

Analysis of Price, Quality, and Firm Dummy Variable 

Relationships. Some quality characteristics are not 

identified with technical specifications and, in some cases, 

these characteristics are not measurable. For example, 

distinctions among brands and models of a component may be 

made on the basis of styling or type of construction 

materials sued. Or consumers may distinguish brands and 

models by reputation for durability. When unspecified or 

unmeasurable qualities are associated with brands, 
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variations in pricing of given technical specifications may-

exist among brands. 

To account for differences among firms in the 

pricing of components, dummy variables indicating brand name 

are included with quality variables in a regression equation 

explaining component prices. The dummy variables which are 

significant in regression estimates will identify firms 

which price components differently. The equation used to 

account for unspecified qualities or unmeasured firm 

characteristics is 

InP = Z a^nQ^ + £ bjDj + ^ ckFk 

where P is the price of component models, is the ith 

quality variable, Dj is a dummy variable for the jth non-

measurable quality feature, and is a dummy variable 

representing the kth firm. Such an equation is estimated 

for each component group by regressing the logarithm of 

price on the logarithms of the technical specifications, 

quality dummy variables, and firm dummy variables. The 

regressions are based on samples of models produced in 

1973. 

A major assumption of this regression model is that 

each firm implicitly prices technical quality variables 

identically. Dhrymes (1971), however, provides evidence 

suggesting that firms price individual quality variables 

differently. One way to account for interfirm differences 
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in pricing of each technical quality variable is to create 

interaction variables involving quality variables and firm 

dummy variables. It is not possible, however, to include 

interaction variables in the model. Because there are 

several quality variables and several firms represented in 

each component sample, a large number of interaction 

variables is necessary. For each component group, the 

number of explanatory variables exceeds the sample size 

whenever interaction variables are included as explanatory 

variables; consequently, interaction variables are omitted 

from the model. Each of the models presented, then, 

assumes that interfirm differences in pricing of individual 

quality variables do not exist. 

Selection of Weights. The models presented above 

are examined by regression analysis in order to estimate 

the relationships between price and quality variables. 

Because the addition of firm dummy variables to the regres

sion models is significant in many cases, the regression 

equations which include firm dummy variables probably pro

vide better estimates of price and quality relationships 

than the other sets of regression equations. As Chapter 4 

indicates, multicollinearity among the quality variables 

does not exist in the final equation estimates; therefore, 

estimates of quality elasticities are not distorted by 

multicollinearity. 
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Price Measurements and Quality Elasticities. Esti

mates of relationships between price and qualities should be 

based on actual retail transaction price if consumers' 

valuations of qualities are desired. The importance of 

quality changes should be measured, then, by the elasticities 

of quality with respect to transaction price. However, 

because of the accessibility of data, manufacturers' retail 

list prices are employed in the analysis. List price is 

identical to transaction price in many geographical locations 

where fair trade laws apply, but discounting does occur in 

some localities. The existence of mail order component 

dealers increases the extent of price discounting. 

Inquiries with several dealers who regularly sell equipment 

on a discount basis indicate that, for each type of compo

nent, the discount rate varies with the price range of 

components, the rate being greater with the higher priced 

models. Because list price and transaction price differ, 

the estimates of the elasticity of list price with respect 

to quality may not be equal to or a constant proportion of 

the elasticity of transaction price. 

Selection of Reference Models 

Measuring quality improvement involves comparison of 

component specifications in two different time periods. 

Since innovation implies pushing the technological frontier 

outward, measurements of quality improvement in component 
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markets are based on differences in specifications of the 

most advanced or the "state of the arts" models in two 

different years. Changes in specifications of the state of 

the arts models represent the quality improvements in the 

component markets. 

In order to select reference models, six organiza

tions which test and review high fidelity equipment were 

asked to select state of the arts models for each component 

in 1968 and 1973.^ One source did not reply. Two highly 

respected sources replied in a joint letter: "In our view, 

there were no generally acknowledged 'state of the arts' 

components in any year. ... It would be foolish for 

anyone to indicate that something is state of the arts 

since the criteria are ambiguous and the judges necessarily 

2 subjective." Two other sources selected models for only a 

few components. Only one expert provided selections for all 

components (except speaker systems) for the two years. None 

of the authorities made a selection for speaker systems in 

both years. Although requests for selection of models prior 

to 1968 were made, the respondents did not provide complete 

selections for earlier years. Therefore, calculations of 

1. The organizations polled were Hirsch-Houck 
Labs, Consumer Reports, and four trade magazines--Audio, 
Electronics World, High Fidelity and Musical America, and 
Stereo Review. 

2. The sources are not named as they were promised 
anonymity. 



quality improvements are based on 1968 and 1973 models 

selected by one authority—the one who provided the most 

complete selection of components for both years. 

Rates of quality change for components also are 

estimated on the basis of a second set of reference models. 

For each component, a model which is estimated to be the 

highest quality model in the sample is selected from the 

base year sample, which is 1968 in most cases. Also, for 

each component, a second reference model is selected from 

the 197 3 sample, so that changes in component quality can be 

measured. The highest quality model in a given year's 

sample is assumed to be the model which has the highest 

price estimated by logarithmic regression of price on quality 

variables. The rationale for this method of selec ing 

reference models is that additional amounts of important 

quality variables are associated with higher prices and that 

implicit prices estimated by regression analysis are the 

appropriate prices for evaluating levels of quality. There

fore, the highest quality model is the highest priced model, 

where model price is estimated on the basis of the level of 

quality variables and the implicit prices of the quality 

variables. 

The period of time over which quality changes are 

measured is relatively short, from 1968, in most cases, to 

1973, in all cases. A major advantage of restricting the 

time period is that the set of quality variables identified 
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with a component in the base year is more likely to be 

identical to the set in 197 3. If a new and important 

quality variable becomes identified with a component at some 

time after the base year, the estimate of quality improve

ment will fail to reflect component quality improvement 

occurring with the addition of the new quality dimension. 

Between the base years and 197 3, only one new quality 

dimension is known to have been introduced bo the components 

—quadraphonic sound. Rates of quality change, as measured 

in this analysis, for several components--amplifiers, 

receivers, tape decks, and phonograph cartridges—do not and 

cannot reflect this innovation. 

Another advantage of measuring changes over a short 

period of time is that the methods of rating or measuring 

specifications are more likely to be comparable. For 

example, power ratings of all amplifiers in the samples 

for 1968 and 1973 are measured in terms of RMS watts per 

channel at 4 OHMS; this standard is less general in earlier 

years. The specifications for all quality variables in this 

analysis are measured by the same standards in each year. 

A third reason for the narrow time period is the 

inability to obtain selections of state of the arts models 

in years prior to 1966. Complete selections for years prior 

to 1968 were not provided by the technical authorities 

surveyed. Also, comparable specifications for many quality 

variables could not be found for large numbers of models in 



53 

years prior to 1966; therefore, regression estimates of 

component prices for years prior to 19 6 6 could not be made. 

A final reason for restricting the period over which 

quality change is measured is that some of the components 

are relatively new products. Cassette tape decks did not 

appear until 1969 and receivers, until 1964. It does not 

seem appropriate to compare annual rates of change in 

component quality where change is measured over long periods 

of time in some cases and short periods of time in other 

cases. 

Market Structure Variables and 
Their Measurement 

The purpose of this research being an analysis of 

the relationship between market structure and rates of 

quality improvement in high fidelity component markets, 

several aspects of market structure are included in the 

analysis. The review of literature suggests that rates of 

technological progress vary with market concentration, 

market size, market growth rate, average size of firms in 

the market, and the technological environment of markets. 

The relationship between rates of quality improvement in 

high fidelity components and these market structure 

variables are analyzed by linear regression of the esti

mated rate of quality improvement on the market structure 

variables. Although the review of literature suggests that, 

in some cases, the relationship may be nonlinear, a sample 
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of eleven component markets, unfortunately, does not permit 

a nonlinear formulation and use of interaction variables 

for the several market structure variables. Because two 

sets of quality change estimates are made, two regression 

equations are estimated, one employing quality change 

estimates based on models selected by the technical 

authority and one based on models selected by regression 

estimates of component price. 

Market concentration is measured by the percentage 

of total market sales accounted for by the largest five 

firms in the market. Estimates of the five-firm concentra

tion ratios are from a leading trade magazine which has 

collected, but has not published, sales data for the 

components industry."'" Each concentration ratio is based 

on 1972 component sales data. 

Market size is measured by total market sales in 

1968. That year is chosen because market sales at the 

beginning of a period over which technological change is 

measured is probably more instrumental in permitting or 

1. All market structure data were obtained with the 
promise of confidentiality of source. All other efforts to 
obtain or construct concentration ratios failed entirely. 
As mentioned previously, the organizations which possess 
relevant information refused to make it available and 
requests for sales data sent to firms in the sample met 
with inadequate response. A representative of the U. S. 
Department of Commerce explained that the Commerce Depart
ment did not estimate concentration ratios at such specific 
market levels; he also claimed that they did not have the 
raw data upon which ratios could be constructed. 
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stimulating product development than sales at the end of 

the period. Market sales data are from a prominent 

organization which collects, analyzes, and publishes 

business and economic information. 

Market growth rate is measured by the average 

annual rate of change in market sales which occurred in 

component markets. With the exception of cassette tape 

decks, annual rates of change in sales of each component 

are measured over the period 1968 through 1973, the same 

period over which technological change is measured. 

Averages of the annual rates of sales change are necessary 

because sales data for cassette tape decks are not available 

for years prior to 1970. 

Average firm size is obtained by dividing total 

market sales of a component in 197 3 by the number of firms 

in the component sample. Without access to individual firm 

sales data, more appropriate estimates of average size of 

firms could not be calculated. 

Distinctions among markets are also made on the 

basis of the types of technology associated with components. 

Some components, such as amplifiers, are fundamentally and 

almost strictly electronic. Others, such as turntables, 

often incorporate important mechanical devices and are 

generally classified as electro-mechanical. Because the 

opportunities for technological progress may differ between 

components which are electronic and those which are 
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electro-mechanical, components are classified as either 

electronic or electro-mechanical, and a dummy variable is 

included in the technological change model in order to 

account for this distinction. 

Two major elements of market structure are not 

included in the analysis. First, the structure of the 

markets buying high fidelity components is not included 

because the buyers of one type of component generally are 

a group which also buys other types of high fidelity equip

ment. The Institute of High Fidelity indicates that each 

type of component included in this analysis generally is 

sold by manufacturers to retail outlets which usually carry 

most types of components. Market entry barriers are also 

omitted from the analysis because data for estimating entry 

barriers, such as economies of scale, absolute cost of 

advantages of existing firms, and capital requirements for 

minimum optimal scale, could not be obtained. 

Summary 

The relationship between the rate of technological 

change, in the form of product quality change, and market 

structure is examined by regression of the rate of techno

logical change in component markets on several market 

structure variables. A rate of technological change is 

estimated for each component market and is calculated by 

averaging the rates of change in several quality variables 
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which occur over time. Before the rates of change are 

averaged, the rate of change in each quality variable is 

weighted by the respective quality elasticity, thus 

weighting each change by a measure of its importance to 

consumers. The weights are the regression coefficients for 

quality variables estimated by regressions involving 

component prices and quality variables. The weighted 

average rate of quality improvement is divided by the number 

of years over which quality changes are measured, producing 

an average annual rate of product quality improvement. 

Changes in quality over time are measured by changes 

in specifications of state of the arts models of components 

selected for two different years. Two sets of reference 

models are selected and, therefore, two sets of quality 

change estimates are calculated. Each set of quality change 

estimates includes an estimate for each of eleven different 

components. The relationships between the quality change 

estimates and several elements of market structure are then 

examined by regression analysis. 



CHAPTER 4 

THE ANALYSIS OF PRICE AND QUALITY RELATIONSHIPS 
IN HIGH FIDELITY COMPONENT MARKETS 

In order to measure rates of product quality change, 

it is necessary to weight the rate of change in each of the 

quality characteristics of each of the products by the 

elasticity of product price with respect to the quality. 

Double logarithmic regressions of price on quality variables 

provide estimates of quality elasticities. This chapter 

presents the results of three regressions designed to explain 

variations in price of components. The first part of the 

chapter is concerned with the equation in which component 

price is explained by quality variables; the second part, 

with the equation in which price is explained by quality 

and firm variables; and the third part, with the equation in 

which price is explained by quality and firm indicator 

variables. 

Regression Analyses with Price and 
Quality Variables 

Results of the Regression Analyses 

Table 1 presents the coefficients of determination 

and the F'-statistics for the double logarithmic regressions 

of price on quality variables for eleven high fidelity 
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Table 1. Coefficients of Determination and F-Statistics for Regressions of Price 
on Quality Variables for 1973 High Fidelity Components 

Number of Coefficients of 

Component 

Number of 
Models in 
Sample 

Quality 
Variables 
in Equation 

F-
Statistic 

Determination 

Uncorrected Corrected 

Integrated Amplifiers 50 7 42,4 0.88 0.86 
Basic Power Amplifiers 35 6 14.1 0.75 0 . 71 
Preamplifiers 14 5 3,9 0.71 0,58 
Tuners 50 8 23,2 0. 83 0.79 
Receivers 122 13 34,2 0.81 0.78 
Phonograph Cartridges 58 6 5.1 0.38 0.32 
Speaker Systems 135 4 99.8 0.75 0,74 
Headphones 68 5 13.3 0, 52 0.49 
Automatic Turntables 25 9 48.6 0.97 0.92 
Open Reel Tape Decks 55 9 20. 5 0.80 0.77 
Cassette Tape Decks 43 6 17. 9 0.75 0.72 



components. Ten of the eleven equations are significant at 

the 0.01 level. The other equation, for preamplifiers, is 

significant at the 0.05 level. The range of the corrected 

coefficients of determination is wide. In the case of 

automatic turntables, the quality variables explain ninety-

two per cent of the observed variation in price; at the 

other extreme, the quality variables explain only thirty-

two per cent of the variation in phonograph cartridge price. 

The coefficient of determination is greater than 0.70 in 

eight of the eleven equations. 

The quality variables and the regression coeffi

cients estimated for each are listed by component in Tables 

21-31 in Appendix B. Because prices and continuous quality 

variables are transformed to logarithms in the regression 

analysis, the coefficients for the continuous variables are 

interpreted as relative changes in component prices associ

ated with relative changes in quality variables. The 

coefficients for the indicator variables for noncontinuous 

quality features represent the relative changes in the 

prices of components when those features are present in the 

components. 

The expected direction of the relationship between 

price and quality is known for each quality variable. Dis

tortion in amplifiers, for example, is undesirable; there

fore, a lower distortion level is expected to be associated 

with a higher price. Use of one-tailed hypothesis tests, 
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then, is appropriate for testing the significance of the 

regression coefficients for quality variables. The results 

of significance tests for regression coefficients for 

quality variables are shown in Table 2. The table lists, 

for each equation, the percentage of regression coefficients 

which are significant at the 0.05 level or higher, as well 

as the percentage which are significant at the 0,01 level 

or higher. 

For each component, a regression equation for each 

component is also estimated for each of the years from 1966 

through 1973,^ Tables 21-31 in Appendix B present the 

regression coefficients for quality variables estimated for 

each year; and Tables 32-42 in Appendix C show coefficients 

of determination and F-statistics for the equations. An 

examination of the regressions for the different years 

suggests three pertinent observations. First, regression 

coefficients for several quality variables are not con

sistently significant over time, the coefficients being 

significant in some years but not in other years. A 

second observation is that, for a given component, the 

coefficients of determination for the set of regressions for 

1. With data available, in many cases, as far back 
as 1966, annual rates of change in average prices of 
components are adjusted for quality changes. Appendix D 
describes the method employed to estimate quality-adjusted, 
or "hedonic," rates of price change and presents estimates 
of quality-adjusted rates of price change for the eleven 
high fidelity components. 
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Table 2. Summary of Significance Tests for Regression 
Coefficients for Quality Variables: Regressions 
of Price on Quality Variables 

Percentage of 
Regression Coefficients 

Number of Significant at 
Quality 
Variables 0,0 5 Level 0.01 Level 

Component in Equation or Higher9 or Highera 

Integrated Amplifiers 7 57 43 

Basic Power Amplifiers 6 67 17 

Preamplifiers 5 40 0 

Tuners 8 38 25 

Receivers 13 38 15 

Phonograph Cartridges 6 33 33 

Speaker Systems 4 50 25 

Headphones 5 60 60 

Automatic Turntables 9 56 56 

Open Reel Tape Decks 9 44 44 

Cassette Tape Decks 6 67 17 

aA one tail t-test is employed to reasure signifi
cance , 
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different years often vary widely. For example, the 

unadjusted coefficients of determination for headphones 

range from a low of 0.37 in 1966 to a high of 0.75 in 

1971. Similarly, for some components, the set of regres

sion equations for the component are not consistently 

significant at the 0.05 level for all years. In the case 

of four components, an equation for at least one year is 

not significant at the 0.05 level. A third observation is 

that, for each component, the residuals for each year's 

regression are linearly related to component price. In all 

cases, the relationship between residuals and price is 

clearly positive, the values of the residuals generally 

increasing with price. 

Interpretation of the Results 

Lack of statistical significance for some quality 

variables does not appear to be due to intercorrelation 

among the quality variables. An examination of the correla

tion matrices for the regressions does not reveal the 

existence of high simple correlations among the quality 

variables. Preliminary, but unreported, regressions for 

amplifiers and tuners indicate that harmonic distortion and 

intermodulation distortion are highly correlated, the simple 

correlation between these two variables exceeding 0.90 for 

these components. Therefore, because of the technical 

similarity of the two specifications, intermodulation 
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distortion is excluded from the regressions for amplifiers 

and tuners reported in this chapter. Multicollinearity, 

then, is not a problem in this analysis. 

Another possible reason why some quality variables 

are not statistically significant or are not consistently 

significant over time is that the levels of performance 

with respect to the quality variables are extremely high in 

all models in the samples. If this is so, the mean value 

of the specifications for a nonsignificant quality variable 

should be high and the variance low. An examination of the 

means and the variances of quality variables which are not 

significant does not confirm this explanation of non

significant quality variables. The nonsignificant quality 

variables generally are not associated with high mean values 

andlow variances for the sample specifications. 

Inconsistencies in significance of some quality 

variables over time, variations among components in the 

amount of price variation explained by quality variables, 

and variations over time in coefficients of determination 

and significance of regression equations for a component 

suggest that the regression equations are not properly 

specified. Exhaustive attempts were made to determine and 

to include the relevant technical quality variables; how

ever, not all of the features or options available to 

consumers can be specified by the use of dummy variables. 

Also, consumers may impute quality to various brands on some 
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basis other than technical specifications. In addition, 

variations in prices may be explained by variations in 

pricing strategies or cost differences among firms. 

The positive autocorrelation between residuals and 

price also suggests that the equations are not properly 

specified. An important quality variable or nonquality 

variable may be excluded or the functional form of the 

equation may be incorrectly specified. Also, it is 

conceivable that list price discounting accounts for the 

linear pattern displayed by the residuals. The following 

two sections present evidence which suggests that variables 

are significant in the explanation of price variations 

among brands and models of high fidelity components. 

Regression Analyses with Price, Quality, 
and Firm Variables 

Double logarithmic regressions of component price 

on quality, firm age, product age, and advertising variables 

are performed for five types of components: headphones, 

receivers, cassette tape decks, speaker systems, and 

phonograph cartridges. Eaah regression equation is based 

on samples of 1973 models. The samples for components other 

than the five listed above are too small to estimate 

regression equations when the firm variables included. 

Table 3 shows the coefficients of determination and 

the F-values for the five regression equations. The 

equations for headphones, receivers, phonograph cartridges, 



Table 3. Coefficients of Determination and F-Values for Regressions of Price on 
Quality Variables, Advertising, Firm Age, and Product Age, for 1973 High 
Fidelity Components 

Component 
Number of 
Observations 

Number of 
Variables 

Coefficient of 
Determination 

Uncorrected Corrected F-Value 

Headphones 

Receivers 

Cassette tape decks 

Speaker systems 

Phonograph cartridges 

30 

38 

13 

36 

24 

8 

15 

8 

7 

8 

0.75 

0.79 

0.89 

0, 90 

0.91 

0. 67 

0.66 

0.74 

0.88 

0.87 

7. 985 

5. 437 

3.879 

34.742 

18.887 
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and speaker systems are significant at the 0.01 level; the 

equation for cassette tape decks is not significant at the 

0.05 level. The regression coefficients for the firm 

variables—advertising, age of firm, and age of firm's 

product—are not significant at the 0.05 level in the 

equations for headphones, receivers, speaker systems, and 

cassette tape decks. However, simple correlations between 

firm variables and other variables exceed 0.8 0 in three 

equations and 0.60 in all five equations. In the case of 

phonograph cartridges, firm age and product age are per

fectly correlated (r = 1.0); therefore, only one of the 

variables for age is included in the equation. The regres

sion coefficient for age, in this case, is negative and 

significant at the 0.05 level, indicating that younger firms 

in the market tend to price phonograph cartridges higher 

than older firms. 

By excluding firm age and component age from the 

analysis, larger samples of 1973 models are available. On 

the basis of the larger samples, the logarithm of price is 

regressed on quality indicator variables and logarithms of 

quality variables and advertising for each of the eleven 

high fidelity components. Coefficients of determination and 

F-values for the eleven equations are shown in Table 4, 

Ten of the eleven equations are significant at the 0,01 

level; the equation for preamplifiers is significant at the 

0.05 level. The regression coefficient for advertising is 



Table 4. Coefficients of Determination and F-Values for Regressions of Price on 
Quality Variables and Advertising, for 1973 High Fidelity Components 

Coefficient of 
Determination 

Number of Number of 
Component Observations Variables Uncorrected Corrected F-Value 

Integrated amplifiers 50 8 0,88 0 . 86 36.309 
Basic power amplifiers 35 7 0. 81 0.77 16.786 
Preamplifiers 14 6 0.73 0.56 3.114 
Tuners 50 9 0.83 0,80 21,689 
Receivers 122 14 0.82 0.80 34.732 
Open reel tape decks 55 10 0.82 0,78 19.746 
Cassette tape decks 43 7 0.75 0.71 15.040 
Phonograph cartridges 58 7 0.40 0.33 4.717 
Automatic turntables 23 10 0.98 0.96 49.147 
Speaker systems 135 5 0.75 0.74 79.465 
Headphones 68 6 0. 52 0,48 11.076 
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significant at the 0.1 level or higher in only two equa

tions. Advertising is positive and significant at the 0.005 

level in the equation for receivers and is negative and 

significant at the 0.05 level in the equation for basic 

power amplifiers. 

In order to examine the relationship between national 

origin of firms and price for the 1973 samples of basic 

power amplifiers and receivers, the logarithm of price is 

regressed on a dummy variable indicating foreign firms, 

quality indicator variables, and logarithms of quality 

variables. In these two cases, the dummy variable indi

cating foreign firms is not significant at the 0,1 level. 

Examination of the correlation matrices indicates that the 

dummy for firm origin is not highly collinear with any of 

the other variables. 

The results of the regression analyses suggest that, 

in most cases, the selected firm variables do not signifi

cantly explain variations in prices among brands and models 

in the component samples, Neither the age of a firm nor 

the number of years a firm has been producing a component 

appears to be related to component price. Nor does the 

volume of advertising by a firm appear to influence price in 

most cases. And although the evidence is minimal, foreign 

firms appear to price their products the same as U. S. firms. 
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Regression Analyses with Price, Quality, and 
Firm Dummy Variables 

Results of the Regression Analyses 

To determine whether component price vari s on the 

basis of firm of manufacture, double logarithmic regressions 

of price on quality and firm dummy variables are estimated 

for ten components. The regressions are based on samples of 

1973 models. An equation is not estimated for preamplifiers, 

because the sample consists of only fourteen models and 

there are fifteen explanatory variables. Table 5 shows the 

coefficients of determination and the F-statistics for the 

equations. Each equation is significant at the 0.01 level. 

Table 6 shows, for each component, the number of quality 

variables and the percentage of the quality coefficients 

which are statistically significant in each equation. 

Tables 54-63 in Appendix E show, by component, the quality 

variables in the equations and the regression coefficients 

for the quality variables. 

Table 6 also indicates the number of firm dummy 

variables and the percentage of the dummies which are 

statistically significant in each equation. Appendix F 

lists, by component, the firm dummy variable regression 

coefficients which are significant at the 0,05 level or 

higher and identifies the firm represented by each coeffi

cient. In ten of the equations, one'or more of the dummies 

is significant; however, no firm dummy variable is 



Table 5. Coefficients of Determination and F-Statistics for Regressions of Price 
on Quality and Firm Dummy Variables, for 1973 High Fidelity Components 

Number of Number of Coefficient of 

Number of Quality Firm Dummy Determination 

Models in Variables Variables F-

Component Sample in Equation in Equation Statistic Uncorrected Corrected 

Integrated amplifiers 50 6 21 32. .347 0. .98 0. ,96 
Basic power amplifiers 35 6 13 17. .639 0. ,96 0. ,91 

Tuners 50 8 24 8. .545 0. .94 0. ,84 
Receivers 122 13 26 21. .679 0. ,91 0. ,87 

Phonograph cartridges 58 6 11 25, .940 0. .92 0. ,89 

Speaker systems 135 4 42 42. .147 0. .96 0. ,94 

Headphones 68 5 24 4. .947 0, ,79 0. ,63 
Automatic turntables 25 9 5 28, ,445 0. ,98 0. ,96 
Open reel tape decks 55 9 17 23. .410 0. ,96 0. ,93 
Cassette tape decks 43 6 19 6. .275 0. .90 0. •77 



Table 6. Summary of Significance Tests for Regression Coefficients for Quality 
and Firm Dummy Variables: Regressions of Price on Quality and Firm 
Dummy Variables 

Component 

Number of 

Quality 

Variables 

Percentage of Quality 

Regression Coefficients 
Significant at: 

0.05 Level 

or Higher3 
0.01 Level 

or Higher3 

Number of 

Firm Dummy 

Variables 

Percentage of Firm 

Dummy Regression 

Coefficients 
Significant at: 

0.05 Leve^L 

or Higher 

0.01 Level 

or Higher*3 

Integrated amplifiers 7 67 33 21 33 14 
Basic power amplifiers 6 33 33 13 23 7 

Tuners 8 13 13 24 4 0 

Receivers 13 31 15 26 15 4 

Phonograph cartridges 6 50 50 11 64 45 
Speaker systems 4 75 50 42 40 36 

Headphones 5 40 40 24 41 25 
Automatic turntables 9 44 22 65 0 0 

Open reel tape decks 9 56 22 17 30 12 
Cassette tape decks 6 67 17 19 5 0 

asignificance is examined in a one tail t-test. 

^Significance is examined in a two tail t-test. 
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significant at the 0.05 level in the equation for automatic 

turntables. 

An examination of the residuals suggests that a 

linear relationship between residuals and component price 

does not exist in any of the ten regressions. The inclusion 

of firm dummy variables, then, removes the autocorrelation 

between residuals and price that appears in regressions 

which include only quality variables. This finding suggests 

that price variations among brands and models of high 

fidelity components are explained not only by technical 

quality variables, but also by firm of manufacture. 

The firm dummy variables may represent either 

unspecified quality variables that are unique to the 

respective firms, or they may reflect differences among 

firms that are not related to quality. As discussed above, 

the regressions which include advertising volume, firm age, 

and component age suggest that these three variables are 

not sources of pricing variations among firms; therefore, 

the firm dummy variables probably are not reflections of 

these firm characteristics. It is possible, however, that 

the firm dummies act as proxies for unspecified quality 

features which are unique to individual firms. For example, 

the firm dummy variables may represent firms' reputations 

for quality-—in particular, reputation for quality charac

teristics, such as durability or service-'-which are beyond 

technical specifications. 
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The Relationship of Firm Size and Market 
Concentration to Firm Dummy Variables 

In each regression which includes firm indicator 

variables, the largest firm in the market is the base firm; 

therefore, the coefficients for the firm dummies represent 

pricing variations from the largest firm by all other firms. 

A negative and statistically significant firm dummy indi

cates that the firm tends to price products of given quality 

below the leading firm; a positive and significant coeffi

cient suggests that the firm tends to price its products 

higher than the leading firm. 

An examination of the firms which are identified 

with significant dummy coefficients suggests that the larger 

firms in each market tend to price products of given quality 

similarly. The regression coefficients for dummy variables 

identified with the leading firm in each market generally 

are not significant at the 0.05 level. Only two firms 

identified with significant dummy coefficients are leading 

firms in their respective markets. The firms are Sansui, 

in the integrated amplifier market, and JBL, in the speaker 

systems market. Because the coefficients for the leading 

firms in the markets generally are not significant, it 

appears that the leading firms in markets price components 

similarly. 

Although the leading firms in markets appear to have 

similar pricing policies, sometimes large percentages of the 
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other firms in the market exhibit significant price differ

ences from the leading firms. The information in Table 7 

indicates that the percentage of firms that have significant 

dummy coefficients varies widely among markets. Sixty-four 

per cent of the firm coefficients are significant at the 

0.05 level in the phonograph cartridge market; and at the 

other extreme, no firm coefficients are significant in the 

automatic turntable market. 

Variations in the percentage of firm variables which 

are significant may be related to market concentration. The 

percentage is greatest in the most highly concentrated 

market, phonograph cartridges. Appendix F shows that, in 

the phonograph cartridge market, six of the seven firms 

which are identified with significant dummy variables 

appear to price their products below the leading firm. 

Relatively high percentages of firm dummies also are 

significant in the headphones market, which is highly 

concentrated, and in the speaker systems market, which is 

relatively unconcentrated. As Appendix F shows, all of the 

headphones manufacturers identified with significant dummy 

variables appear to price their products higher than the 

leading firm. Also, in the speaker systems market, eighteen 

of the nineteen firms identified with significant dummy 



76 

Table 7. Five Firm Sales Concentration Ratio and the 
Percentage of Firm Dummy Variables Which are 
Significant in Regressions of Price on Quality 
and Firm Dummy Variables, by Component. 

Percentage 
of Firm Five Firm 

Number of Coefficients Sales 
Firm Dummy Significant Concent-
Variables at 0,05 tration 

Component in Equation Levela Ratio 

Phonograph cartridges 11 64 0.80 

Headphones 24 41 0,75 

Open reel tape decks 17 30 0.70 

Tuners 24 4 0.60 

Cassette tape decks 19 5 0,60 

Automatic turntables 5 0 0.60 

Receivers 26 15 0.55 

Basic power amplifiers 13 23 0. 50 

Speaker systems 42 40 0. 50 

Integrated amplifiers 21 33 0,40 

Significance is measured in a two tail t-test. 
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variables price their products above the leading firm."^" 

However, for the set of eleven component markets, Spearman's 

coefficient of rank order correlation between the percentage 

of significant firm dummies and concentration is not signifi

cant at the 0.05 level. 

Two conclusions can be drawn. First, leading firms 

in the high fidelity markets do not tend to price products 

of given quality differently. Where pricing differs from 

the leading firm, it occurs with the smaller firms in the 

market. A second conclusion is that, although relatively 

large percentages of firms price products differently than 

the leading firms, the large percentages occur in both low 

and high concentration markets. However, in the most highly 

concentrated market, and only in that market, there is an 

indication that the leading firms, possessing market power, 

price their products above the other f.irms in the market. 

1. In the case of speaker systems, a relatively 
large percentage of the firms in this relatively unconcen-
trated market vary price significantly from the leading 
firm. This may be due to the highly subjective nature of 
evaluating the quality of speaker systems. Judgments of 
quality by reference to technical specifications probably 
occur less in the case of speaker systems than in the case 
of any other high fidelity component. Where appeals to 
consumers are oriented toward nontechnical characteristics 
of the product, greater differentiation among firms in 
pricing of models of given technical specifications may be 
expected. 
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Comparison of Regressions which Exclude Firm 
Dummy Variables with Regressions which 
Include Firm Dummies 

The data in Table 8 provide the basis for a 

comparison of the two sets of regression equations, those 

which include only quality variables and those which include 

quality and firm dummy variables. The numbers of quality 

variables which are significant at the 0.05 level are the 

same in both equations only in the cases of integrated 

amplifiers and cassette tape decks. In both cases, the 

quality variables which are significant in the equation 

which excludes firm variables are the same as the quality 

variables which are significant in the equation which 

includes firm dummies. For five components, the number of 

significant quality variables declines by one in the 

regression which includes firm dummies. For these five 

cases, the quality variables which are significant when 

firm dummies are included are also significant when firm 

dummies are excluded. For three components, the number of 

significant quality variables increases by one when firm 

dummies are included in a regression. For these cases, the 

quality variables which are significant in a regression 

which includes only quality variables are also significant 

in a regression which includes firm dummies. 

Table 8 also shows that, for each component, the 

coefficient of determination, corrected for degrees of 

freedom, is higher in the equation which includes firm dummy 



Table 8. Coefficients of Determination and Number of Significant Quality 
Variables in Regressions of Price on Quality Variables and Regressions 
of Price on Quality and Firm Dummy Variables, by Component 

Number of Significant Coefficient of 
Quality Variables for Determination for 

Equations3 Equations*3 
Number of 
Quality Without Firm With Firm Without Firm With Firm 

Component Variables Variables Variables Variables Variables 

Integrated amplifiers 7 4 4 0.86 0.96 
Basic power amplifiers 6 4 2 0.71 0. 91 
Preamplifiers 5 2 c 0.58 c 
Tuners 8 3 1 0,79 0. 84 
Receivers 11 5 4 0.78 0.87 
Phonograph cartridges 6 2 3 0,32 0,89 
Speaker systems 4 2 3 0.74 0.94 
Headphones 5 3 2 0.49 0. 63 
Automatic turntables 9 5 2 0,92 0.96 
Open reel tape decks 9 4 5 0.77 0.93 
Cassette tape decks 6 4 4 0.72 0.77 

aSignificance is measured at the 0.05 level in a one tail t-test. 

The coefficients are corrected for degrees of freedom. 

Q 
A regression estimate was not made because of inadequate sample size. 
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variables. In order to determine whether a regression which 

includes firm dummies is significantly different from a 

regression which excludes firm dummies, a test proposed by 

Kempthorne (1952, pp. 42-47) is conducted. The hypothesis 

tested is that a regression of price on firm dummy variables, 

after adjusting for quality variables, does not signifi

cantly increase the explained variation in component price 

due to a regression of price on quality variables. 

The tests indicate that firm dummy variables reduce 

unexplained variation in component prices significantly at 

the 0.01 level in six component markets: integrated 

amplifiers, basic power amplifiers, receivers, phonograph 

cartridges, speaker systems, and open reel tape decks. Firm 

dummy variables reduce unexplained variation significantly 

at the 0.05 level in the case of headphones. For tuners, 

automatic turntables, and cassette tape decks, firm dummy 

variables, as a group, do not significantly reduce un

explained variation in component price, after adjusting 

for quality variables.1 

Summary and Conclusions 

The examination of the regression analyses of the 

relationship between component price and qualities suggests 

several conclusions, First, some technical specification of 

1. A regression including firm dummy variables is 
not estimated for preamplifiers because of insufficient 
sample size. 
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components are significantly related to product price and a 

substantial percentage of the variation in prices among 

brands and models of components may be explained by these 

quality variables. Second, the firm variables, advertising, 

firm age, product age, and national origin of firms, 

generally are not significant in explaining price variations 

among sample models. Third, price variations among models 

of components are often significantly explained by variables 

which represent firms of manufacture. That is, there is 

evidence that pricing of components of given quality varies 

among firms in the market. However, it is not clear whether 

these firm indicator variables represent unspecified quality 

variables unique to individual firms or other unspecified 

variables not related to product quality. 



CHAPTER 5 

AN ANALYSIS OF THE RELATIONSHIP BETWEEN THE RATE OP 
PRODUCT QUALITY CHANGE AND MARKET STRUCTURE 
IN THE HIGH FIDELITY COMPONENTS INDUSTRY 

On the basis of the estimated relationship between 

component price and quality variables presented in Chapter 3, 

an average annual percentage change in product quality is 

estimated for each high fidelity component market. This 

chapter presents the quality change estimates and also 

details the results of an analysis of the relationship 

between the quality change estimates and several market 

structure elements—market sales concentration, total market 

sales, average size of firms, market growth rate, and 

technological environment of the market. 

Estimates of Rates of Quality Change in 
High Fidelity Components 

Two sets of estimates of the average annual 

percentage change in product quality are made by using the 

formula presented in Chapter 3. One set is based on 

reference models selected by a technical authority, and the 

other set is based on reference models selected on the basis 

of regression price estimates. Table 9 lists the estimated 

average annual rate of quality change from 1968 through 1973 

for ten components, where the reference models are selected 

82 
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Table 9. Estimated Average Annual Percentage Change in 
Quality of High Fidelity Components Selected by 
a Technical Authority, 1968-1973 

Average Annual 
Percentage Change 

Component in Quality 

Integrated amplifiers 3.7 

Basic power amplifiers 22. 2 

Preamplifiers 16.1 

Tuners 18. 5 

Receivers 2.2 

Phonograph cartridges 1.0 

Automatic turntables -2.1 

Headphones 4.5 

Open reel tape decks 6.0 

Cassette tape decks 16.4 
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by the technical expert. The base year for the estimates 

is, in each case, 1968. Because the authority did not 

select models for speaker systems, a calculation is not made 

for that component. The models selected by the technical 

authority are listed in Table 19 in Appendix A. 

Table 10 presents a second set of estimates of rates 

of product quality change for eleven components, where 

reference models are selected on the basis of regression 

price estimates. The 197 3 reference models, with the 

exception of preamplifiers, are selected on the basis of 

double logarithmic regressions of price on quality and firm 

dummy variables for 1973 model samples.'1' For each component 

group, the model associated with the highest price predicted 

by the regressions is defined as the representative state of 

the arts model for 1973. The 1973 reference model for 

preamplifiers and, for each component, the reference model 

for the base year are selected on the basis of double 

logarithmic regressions of price on quality variables alone. 

A small sample of 1973 preamplifiers prevents a regression 

including firm dummies for preamplifiers in 1973 and small 

samples in all component groups prevented regressions 

including firm dummies in years prior to 197 3. The base 

year varies among the components because regressions cannot 

be performed on the basis of 1968 models in all cases. 

1, The relevant regressions are discussed in 
Chapter 4. 
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Table 10. Estimated Average Annual Percentage Change in 
Quality of High Fidelity Components Selected on 
the Basis of Regression Price Estimates 

Average Annual 
Base Percentage Change 

Component Year in Product Quality 

Integrated amplifiers 1968 0.9 

Basic power amplifiers 1968 36.7 

Preamplifiers 1968 3.8 

Tuners 1968 1.2 

Receivers 1968 1.9 

Phonograph cartridges 1968 -1,4 

Automatic turntables 1969 1.2 

Headphones 1968 3.7 

Open reel tape decks 1970 0.0 

Cassette tape decks 1971 8.2 

Speaker systems 1970 0.0 
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Table 20 in Appendix A lists the models selected by this 

process and indicates the base year for each'component. It 

is interesting that Spearman's coefficient of rank order 

correlation between the two sets of estimates of rates of 

technological change is 0.65 and is significant at the 0.05 

level. 

Another interesting phenomenon with regard to the 

estimates is that quality deterioration occurs with two 

components, automatic turntables and phonograph cartridges. 

For the automatic turntables seleqted by the technical 

authority, quality appears to decline over the time period. 

The decline in this case is due to a decrease in the weight 

of the 1973 reference model. This occurrence demonstrates 

one danger involved in using proxy variables, such as 

weight. The deterioration in phonograph cartridge quality, 

where the reference models are selected on the basis of 

regression price estimates, is due to a decline in frequency 

response performance in the 1973 reference model. Examinat

ion of the frequency response specifications for both 

reference models indicates that frequency response specifica

tions for both models are well above contemporary standards 

for excellence. In this case, the deterioration is not 

significant, although the method of estimating the importance 

of quality changes assumes that the change is significant. 

This phenomenon provides a strong argument that quality 

change should be measured over a longer period of time, in 
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which case base year specifications are less likely to 

approach contemporary quality standards. 

The rate of quality change for each component is 

based on an average of the rate of change, over time, in 

one or more quality variables relevant to the components. 

The quality variables which are included in the calculations 

are those which are significant at the 0.05 level or higher 

in the regressions of price on quality and firm variables 

discussed in Chapter 4. The quality variables on which 

quality change estimates are based are listed by component 

in Tables 54-63 in Appendix E. Restriction of quality 

change estimates to the quality variables which are 

significant in these regressions assumes that the important 

quality changes are those occurring with quality variables 

which are significantly related to component price."'' 

The rate of change in each quality variable is 

weighted by the elasticity of component price with respect 

to the quality variable. The appropriate estimates of 

1. Quality change estimates also were made on the 
basis of all continuous quality variables, regardless of the 
level of statistical significance. Spearman's rank order 
correlation technique was employed to determine whether 
there is evidence of a statistical relationship between 
quality change estimates when all quality variables are 
included and estimates when only statistically significant 
qualities are included. For the two sets of estimates based 
on models selected by the technical authority, the correla
tion coefficient is 0.92 and is significant at the 0.01 
level. For the two sets of estimates where models were 
selected on the basis of regression price estimates, the 
correlation coefficient is 0.81 and significant at the 0.01 
level. 
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quality elasticities are the coefficients for quality 

variables estimated in the double logarithmic regressions 

of price on quality and firm dummy variables for 1973 

models. The regression coefficients are reported by 

component in Tables 54-63 in Appendix E. 

Market Structure and the Rate of Quality Change 
in High Fidelity Component Markets 

To examine the relationship between the rate of 

quality change and market structure variables, two linear 

multivariate regression equations are estimated. In one 

equation, the dependent variable is the rate of component 

quality change calculated on the basis of reference models 

selected by the technical authority. In the second 

equation, the dependent variable is the rate of quality 

change calculated on the basis of reference models selected 

on the basis of regression price estimates. The independent 

variables, in both regressions, are the five firm sales 

concentration ratio, total market sales, average annual rate 

of sales growth, average size of firms in the market, and 

a dummy variable, taking the value of one if a component 

is classified as electro-mechanical and a value of zero if 

a component is classified as electronic. Table 11 presents 

the market structure data on which the regressions are 

ba s ed. 



Table 11. Market Structure Data for High Fidelity Components Markets 

Five Firm Total Market Average Average Annual 
Concentration Sa3.es Firm Sales Sales Growth Technology 

Component Market Ratio ($ millions) ($ thousand) (%) Base 

Integrated amplifiers .40 35.8 940 -6.0 Electronic 

Basic power amplifiers .50 21.5 962 -6.0 Electronic 

Preamplifiers ,50 20.0 962 -6.0 Electronic 
Tuners .60 30.5 648 -7.5 Electronic 

Receivers ,55 135.3 2,295 -6.0 Electronic 

Phonograph cartridges ,80 23,8 1,377 -3.5 Electronic 

Automatic turntables .60 70,6 4,433 -5.0 Elec/Mech 

Speaker systems ,50 165.8 1,150 -7.5 Elec/Mech 

Headphones ,75 18.9 359 -9.0 Elec/Mech 
Open reel tape decks .70 153.9 2,950 -11.5 Elec/Mech 

Cassette tape decks ,60 20.0 1,037 28.0 Elec/Mech 
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The regression equations are: 

Q = 47.868 - 0.3158 C - 0.1289 S + 0.0568 G 
(0.7846) (0.8068) (0.1326) 

+ 0.0001 F + 0.1922 T (5.1) 
(0.0193) (0.0189) 

and 

Q2 = 45.400 - 0.2129 C - 0.0805 S + 0.1554 G 
(0.7382) (0.5115) (0.4920) 

- 0.0002 F - 0.2691 T (5.2) 
(0,5627) (0.0324) 

is the rate of quality change estimated on the basis of 

models selected by the technical authority; i-s the rate 

of quality change estimated on the basis of models selected 

on the basis of regression price estimates; C is the five 

firm market sales concentration ratio; S is total market 

sales; G is average annual rate of sales growth; F is 

average size of firms in the market; and T is a dummy 

variable representing components which are classified as 

having an electro-mechanical technological environment. 

The numbers in parentheses are t-values. The first equation 

was estimated by multiple regression techniques on the basis 

of ten component markets, and the second equation was 

estimated by multiple regression techniques on the basis of 

eleven component markets, 

2 The adjusted R for the first equation is 0.06, and, 

for the second equation, it is zero. Neither of the 
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equations is significant at the 0.05 level in an P-test, and 

none of the coefficients for the structural variables are 

significant at the 0.05 level. The correlation matrices for 

the two regressions, shown in Tables 12 and 13, indicate 

that simple correlations between the independent variables 

exceed 0.50 in only one case, thus providing evidence that 

multicollinearity does not distort the estimates,"'" Tables 

12 and 13 also show the coefficients of correlation between 

the rate of quality change and each market structure 

variable. None of these coefficients are significant at the 

0,05 level. Tables 14-17 show the rates of quality change 

and the market structure variables, by component, and 

Figures 1-4 show scatter diagrams of the Q2 estimates and 

the market structure variables. The regressions and the 

scatter diagrams suggest that the market structure variables 

included in the analysis are not systematically related to 

estimated rates of product quality change in high fidelity 

component markets. 

Spearman coefficients of rank order correlation 

between market structure and variables and quality change 

estimates are also calculated. One set of coefficients 

measures the rank order correlation between estimates of 

quality change based on models selected by the technical 

1. In the regression based on Q^, the coefficient 
of correlation between total market size and average firm 
size is 0.69 and is significant at the 0.05 level. 



Table 12. Correlation Matrix for Regression of Q-^ on Market Structure Variables 

Total Market Average 
Concen- Market Growth Firm Technology 

Q-^ tration Sales Rate Size Class 

~ a 
Q1 1. 0000 -0. 3395 -0. 4905 0. 2784 -0. 5696 -0. 2663 

Concentration -0. 3395 1. 0000 -0. 0397 -0. 0405 0. 0926 0. 4392 

Total Market Sales -0. 4905 -0. 0397 1, 0000 -0. 0735 0. 6898 0. 1716 

Market Growth Rate 0. 2784 -0. 0405 -0. 0735 1. 0000 -0. 1493 0. 2978 

Average Firm Size -0. 5696 0. 0926 0. 6898 -0. 1493 1. 0000 0. 4073 

Technology Class -0. 2663 0. 4392 0. 1716 0. 2978 0. 4073 1. 0000 

3 Ql is the rate of quality change for high fidelity components estimated 
on the basis of reference models selected by a technical authority. 



Table 13. Correlation Matrix for Regression of on Market Structure Variables 

Total Market Average 
Concen Market Growth Firm Technology 

Q2a tration Sales Rate Size Class 

^ a 
2 1.0000 -0. 2732 -0.3362 0.1132 -0. 2246 -0. 2208 

Concentration -0.2732 1, 0000 -0,1859 -0.0088 0. 1171 0. 3118 

Total Market Sales -0,3362 •<•0, 1859 1,0000 -0.1315 0. 4685 0. 3412 

Market Growth Rate 0,1132 -o. 0088 -0.1315 1.0000 -0. 1340 0. 2358 

Average Firm Size -0,2246 0, 1171 0,4685 -0.1340 1. 0000 0. 3411 

Technology Class -0,2208 0, 3118 0,3412 0.2358 0. 3411 1. 0000 

is the rate of quality change for high fidelity components estimated 
on the basis of reference models selected on the basis of regression estimates of 
component price. 
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Table 14. Average Annual Percentage Change in Product 
Quality and Five Firm Concentration Ratio for 
High Fidelity Component Markets 

Five Firm 
Concentration 

Ratio 

Average 
Percentage 
Product i 

Annual 
Change in 
Quality 

Component 

Five Firm 
Concentration 

Ratio «ia 
^ b 
2 

Phonograph cartridges 0.80 1.0 0.9 

Headphones 0.75 4.5 2.3 

Open reel tape decks 0.70 6.0 0.0 

Tuners 0. 60 18. 5 1.2 

Automatic turntables 

o
 

O
 -2.1 0.0 

Cassette tape decks 0, 60 16.4 8.2 

Receivers 0. 55 2,2 1.9 

Preamplifiers 0. 50 16,1 3.8 

Speaker systems 0.50 c 3.7 

Basic power amplifiers 0, 50 22. 2 36.7 

Integrated amplifiers 

o
 • 

o
 3.7 0.9 

aQuality change estimates are based on reference 
models selected by a technical authority. 

Quality change estimates are based on reference 
models selected on the basis of regression price estimates. 

A quality change estimate is not made in this case, 
because technical authorities declined to select state of 
the art speaker systems, 
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Figure 1. Average Annuai Rate of Quality Change and 
Concentration Ratio for High Fidelity Component 
Markets 
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Table 15. Average Annual Percentage Change in Product 
Quality and Market Sales for High Fidelity 
Component Markets 

Average Annual 
Percentage Change in 

Market Product Quality 

Component ($ millions) °ia 

Speaker systems 165. 8 c 3.7 

Open reel tape decks 153,9 6.0 0.0 

Receivers 135.3 2.2 1.9 

Automatic turntables 70,6 -2.1 0.0 

Integrated amplifiers 35.8 3.7 0.9 

Tuners 30.5 18. 5 0.9 

Phonograph cartridges 23.8 1.0 1.2 

Basic power.amplifiers 21, 5 22, 2 -1.4 

Preamplifiers 20,Q 16.1 36,7 

Cassette tape decks 20, 0 16.4 3.8 

Headphones 18, 9 4.5 8.2 
2.3 

aQuality change estimates are based on reference 
models selected by a technical authority. 

^Quality change estimates are based on reference 
models selected on the basis of regression price estimates. 

A quality change estimate is not made in this case, 
because technical authorities declined to select state of 
the art speaker systems, 



97 

40 

35 

30 

25 

20 

15 

10 

_i 

2 0  
i» 1 i I 1 1 ' * I •(. I i 
80 100 120 140 "160 40 60 

Market Sales ($ millions) 

Figure 2. Average Annual Percentage Change in Product 
Quality and Market Sales for High Fidelity 
Component Markets 
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Table 16. Average Annual Percentage Change in Product 
Quality and Average Annual Percentage Growth in 
Market Sales for High Fidelity Component 
Markets 

Average Annual 
Percentage 
Growth in 
Market Sales 

Average 
Percentage 
Product i 

Annual 
Change in 
Quality 

Component 

Average Annual 
Percentage 
Growth in 
Market Sales 

*ia 
b 
2 

Cassette tape decks 28. 0 16.4 8.2 

Phonograph cartridges -3.5 1.0 -1.4 

Automatic turntables -5.0 -2.1 0.0 

Integrated amplifiers -6.0 3.7 0.9 

Basic power amplifiers -6.0 22.2 36.7 

Preamplifiers -6,0 16,1 3.8 

Receivers -6.0 2.2 1.9 

Tuners -7.5 1—
1 

CO
 

en
 

1.2 

Speaker systems -7.5 c 3,7 

Headphones -9.0 4.5 2.3 

Open reel tape decks -11.5 6,0 0,0 

aQuality change estimates are based on reference 
models selected by a technical authority. 

^Quality change estimates are based on reference 
models selected on the basis of regression price estimates. 

c A quality change estimate is not made m this case, 
because technical authorities declined to select state of the 
art speaker systems. 
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Table 17. Average Annual Percentage Change in Product 
Quality and Average Sales of Firms in High 
Fidelity Component Markets 

Average Annual 
Percentage Change in 

Average Sales Product Quality 
of Firms r—-

Component ($ 1,000) Q1 Q2 

Automatic turntables 4,433 -2. 1 0.0 

Open reel tape decks 2,950 6. 0 0.0 

Receivers 2, 295 2. 2 1-9 

Phonograph cartridges 1, 377 1. 0 -1.4 

Speaker systems 1,150 c 3.7 

Cassette tape decks 1,037 16. 4 8.2 

Basic power amplifiers 962 22. 2 36.7 

Preamplifiers 962 16. 1 3.8 

Integrated amplifiers 940 3. 7 0.9 

Tuners 648 18. 5 1.2 

Headphones 359 4. 5 2.3 

aQuality change estimates are based on reference 
models selected by a technical authority. 

^Quality change estimates are based on reference 
models selected on the basis of regression price estimates. 

Q 
A quality change estimate is not made m this case, 

because technical authorities declined to select state of the 
art speaker systems. 
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authority, Q^, and each structural variable. The second set 

of coefficients measures the correlation between quality 

change estimates based on models chosen on the basis of 

regression price estimates, and each structural 

variable. The coefficients are presented in Table 18. 

Table 18. Coefficients of Rank Order Correlation Between 
Quality Change Estimates and Market Structure 
Variables 

Quality 
Change 
Estimates 

Five Firm 
Concentration 

Ratio 

Total 
Market 
Sales 

Average 
Growth 
Rate 

Average 
Firm 
Size 

< -0.17 -0. 62 0. 01 -0.71 

°2b -0.41 -0.47 -0 , 23 -0.60 

aQj refers to estimates of rates of quality change 
based on reference models selected by a technical authority. 

Q2 refers to estimates of rates of quality change 
based on reference models chosen on the basis of regression 
price estimates. 

On the basis of rank order correlation analysis, 

neither Q1 nor Q2 is significantly correlated with sales 

concentration or average growth rate of markets. Total 

market sales and Q^ are negatively and significantly 

correlated at the 0.05 level; however, the coefficient of 

rank order correlation between total market sales and Q^ 
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is not significant at the 0.05 level. Significant rank 

order correlation exists between average firm size and both 

quality change estimates. In the case of Q^, the correla

tion between quality change and average firm size is 

negative and significant at the 0.01 level; in the case of 

Q2» the correlation is also negative and significant at the 

0.05 level. 

Summary and Conclusions 

The analyses suggest that the rate of technological 

change in high fidelity component markets, when measured by 

technological output rather than input, does not appear to 

be systematically related to market structure characteris

tics. The regression analyses indicate that the selected 

market structure variables do not significantly explain 

variations in rates of quality change among high fidelity 

component markets. Rank order analyses of correlations of 

quality change estimates with market structure variables 

suggest that only the average size of firms in a market is 

significantly correlated with both estimates of the rate of 

product quality change. The evidence of a negative rela

tionship between quality change and average size of firms 

provides a basis for questioning the Schumpeterian hypothesis 

that large firm size is a stimulus to technological change. 

The negative relationship suggests that technological change 

may be limited in markets characterized by large firms, 
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perhaps because large firms may be associated with greater 

institutional entropy. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The results of this research suggest three major 

conclusions with respect to prices, qualities, and market 

structure in the high fidelity components industry. First, 

price variations among models of high fidelity components 

are significantly related to technical quality characteris

tics; and for most components, technical quality variables 

explain large percentages of price variations among models. 

Second, in several component markets, price variations are 

also significantly related to brand identity. This 

research, however, could not determine whether brand 

identity represents unique and unspecified quality dimen

sions of firms' products or whether brand identity repre

sents firm characteristics which are not related to quality. 

A third major conclusion of the research is that the rate of 

product quality change in high fidelity component markets 

does not appear to be significantly related to major 

characteristics of market structure. In particular, the 

Schumpeterian hypothesis regarding the stimulating effects 

of market power and large firm size on technological change 

are not supported by the results of this analysis. 

105 
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Structural characteristics other than those included 

in this research, however, might explain intermarket varia

tions in rates of product quality change. This research 

did not consider other potentially relevant structural 

variables, such as entry barriers, dura'bili ty of products, 

and stage of products in their life cycle. Also, because of 

the limitation imposed by small samples, consideration was 

not given to the possibility of a more .complex relationship 

between quality change and market structure. With a larger 

sample of products, with a more extensive set of market 

structure variables, and with more accurate data for 

structure variables, a more reliable analysis of the market 

structure-quality change relationship could be performed. 
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Table 19. State of the Arts Brands and Models Selected on the Basis of a Survey 
of Technical Authorities 

Brand and Model 

Component 1968 1973 

Integrated amplifiers Acoustic Research Ar Pioneer SA-9100 

Basic power amplifiers Crown DC-3 0 0 Phase Linear 700 

Preamplifiers C/M Labs CC-1 Sony TA 2000 F 

Tuners Scott LT-112-B Heathkit AJ-1510 

Receivers Marantz 18 Sansui Eight 

Phonograph cartridges Shure V-15-II Shure V-15-III 

Automatic Turntables Miracord 50-^-H Dual 1229 

Headphones Koss K6 Koss ESP-9 

Open reel tape decks Revox All Sony 854-4S 

Cassette tape decks Teac A-20 Nakamichi 1000 



Table 20. Reference Brands and Models Selected on the Basis of Regression Price 
Estimates 

Component 

Brand and Model 

Component Base Yeara 1973 

Integrated amplifiers Mattes SSA/200 (1968) Marantz 1200 

Basic power amplifiers Acoustech I-A (1968) Dunlap Clark 1600 

Preamplifiers Marantz 7T (1968) Audio Research SP-3 

Tuners Fisher TFM1000-. (1968) SAE Mark VI 

Receivers Mcintosh 1700 (1968) Altec 725A 

Phonograph cartridges Pickering V-15 AME (1968) Paoli C4E 

Automatic turntables Dual 1019 (1969) Miracord 770H 

Headphones Sharpe HA-66O/PRO (1968) Superex PEP-77C 

Open reel tape decks Crown CX822 (1970) Crown CX822 

Cassette tape decks Advent 200 (1971) Panasonic RS276US 

Speaker systems Bozak 410 (1970) Bozak 410 

The base year in calculations of rates of quality change varies among 
components. The listed models are chosen from regression price estimates for the 
years indicated in the parentheses. 



APPENDIX B 

TABLES OF REGRESSION COEFFICIENTS FOR QUALITY VARIABLES 
ESTIMATED BY DOUBLE LOGARITHMIC REGRESSIONS OF 

PRICE ON QUALITY VARIABLES 

110 



Table 21. Regression Coefficients for Quality Variables Estimated in Regressions 
of Price on Quality Variables: Integrated Amplifiers, 1966-1973 

Regression Coefficient 
a 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Power 0.554 
(9.937) 

0.627 
(9.746) 

0.519 

(5.374) 

0.619 
(6.489) 

0.435 

(3.416) 

0.478 

(4.041) 

0.576 

(5.361) 

-0.269 

(3.089) 

Harmonic distortion 0.025 

CO.428) 

-0.062 
(1.137) 

-0.204 
(2.862) 

-0.216 
(2.566) 

-0.254 
(2.404) 

-0.364 

(3.445) 
-0.206 

(2.494) 

-0.243 
(4.753) 

Signal to noise ratio 0.844 
(3.846) 

0.153 
(0.668) 

0.326 

(1.106) 

-0.027 

(0.086) 

-0.233 

(0.436) 

0.197 

(0.391) 

0.628 

(1.822) 

0.455 

(1.528) 

Power bandwidth, min. Hz 0.002 

CO.044) 

0,012 

CO. 199) 
-0.107 
(0.931) 

-0.026 
(0.205) 

-0.374 
(1.660) 

0.074 
(0.313) 

-0. 216 

(1.406) 

-0.158 

(1.202) 

Power bandwidth, max, KHz 0.011 
(0.107) 

0.042 
(0.384) 

1.208 

(0,091) 

-0.054 

(0.483) 
0.166 

(0.964) 

-0.155 

(0.956) 

-0.063 
(0.558) 

-0.442 

(4.519) 

Kit model dummy -0.247 
(2.195) 

-0.376 

(4,573) 
-0.302 
(2.672) 

-0.482 
(2,781) 

-0.733 
(4.289) 

-0.593 
(5.191) 

-0.435 
(5.157) 

-0.660 
(5.999) 

Quadraphonic dummy 0.517 

(7.660) 
0.473 

(0,083) 
1.123 

(4.236) 
b b b b b 

lumbers in parentheses are t-values. 

The variable is not included in the regression because either specifications are not 
available or the variable is not identified with sample models in this year. 



Table 22. Regression Coefficients for Quality Variables Estimated in Regression 
of Price on Quality Variables: Basic Power Amplifiers, 1966-1973 

a 
Regression Coefficient 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Power 0.573 
(6.605) 

0.559 

(5,212) 

0.743 

(0.079) 

0,979 

(5.092) 

0,796 
(8.335) 

0.997 

(9.254) 

0.730 

(7.941) 

0.471 
(3.795) 

Harmonic distortion -0.142 

(1.212) 

-0.220 

(1.671) 

-0.252 
(3,097) 

-0.274 
(2.701) 

-0.122 
(1.620) 

-0.065 
(0.877) 

-0.257 
(2.673) 

-0.144 
(2.134) 

Signal to noise ratio 2,070 

(1,886) 

3.684 

(2.608) 

1.683 

(2,266) 

-0.404 

(0,619) 

-0.184 

(0.471) 

-1.529 

(2.684) 

-0.726 

(1.320) 

0.889 

(1.357) 

Power bandwidth, min, Hz 0.152 
(1,846) 

-0.055 
(0,235) 

0.426 
(3.366) 

0.243 

(2,377) 

0.099 
(0.974) 

0.385 
(2.988) 

0.161 
(1.123) 

-0.186 

(0.432) 

Power bandwidth, max. KHz -0.068 

(0.464) 
0.691 

(0,105) 
0.257 

(1.683) 
0.302 

(1.874) 
0.271 
(3.416) 

0.461 
(4.096) 

0.161 
(1.389) 

0.219 
(0.893) 

Quadraphonic dummy 0.476 
(2.361) 

-0.085 
(0,333) 

b b b b b b 

Kit model dummy b -0.163 

(0.446) 

-0.061 

(0.326) 

-0,387 

(2,339) 

-0,321 

(2.488) 

-0.259 

(1.934) 

-0.328 

(2.538) 

-0,507 

(3.002) 

a 
Numbers in parentheses are t-values. 

^The variable is not included in the regression because either specifications are not 
available or the variable is not identified with sample models in this year. 



Table 23. Regression Coefficients for Quality Variables Estimated in Regressions 
of Price on Quality Variables: Preamplifiers, 1966-1973 

_ _. . a 
Regression Coefficient 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Harmonic distortion -0.537 
(1.886) 

-0.279 
(0.860) 

-0.732 
(0.828) 

-0.696 
(1.737) 

-0.533 

(1.600) 
-0.426 
(2.017) 

-0.168 
(0.566) 

0.125 
(0.564) 

Intermodulation distortion -0.405 

(1.412) 

-0.143 

(0.425) 

-0.539 

(0.626) 

-0.942 

(1.963) 

-0.760 

(1.657) 

-1.104 

(4.506) 

-0.243 

(0.937) 

0.030 

(0.121) 

Rated output, volts -0.496 
(1.941) 

-0.237 
(0,798) 

-0.462 
(0.924) 

-0.442 
(1.935) 

-0.342 
(1.787) 

-0.092 
(1.975) 

-0.160 
(1.031) 

-0.355 

(0.996) 

Signal to noise ratio -0.636 

(0.801) 

-0.550 

(0.429) 
-1.179 
(0.554) 

-1.859 
(1.951) 

-0.338 

(0.320) 

-0.957 

(0.994) 
-3.006 
(2.350) 

-4.748 

(2.270) 

Weight -0.504 

(1.170) 

-0.935 
(1.838) 

-1.100 

(1.310) 

-1.063 

(3.416) 
-1.477 
(3.872) 

-1.302 

(6.196) 

-0.142 

(0.275) 

-0.827 

(2.591) 

£ 
Numbers in parentheses are t-values. 



Table 24. Regression Coefficients for Quality Variables Estimated in Regressions 
of Price on Quality Variables: Tuners, 1966-1973 

Regression Coefficient3 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Signal to noise ratio -3. 432 0. 642 0. 393 0. ,245 b 1 b b b 
(0. 307) (0. 725) (0. 355) (0. ,224) 

Capture ratio 0. 146 0. 107 0. 260 -0. ,425 -0. 233 -0. 542 -0. ,291 -0. 106 
(1. 156) (0. 529) (0. 721) (1. ,476) (0. 536) (1. 418) (1. ,530) (0. 311) 

AM suppression 0. 107 0. 492 0. 164 0. ,091 -0. 077 0. 293 1. ,041 0. ,778 
(0. ,435) (1. 135) (0. 229) (0. ,148) (0. 135) (0. ,251) (2. ,502) (1. ,340) 

Stero separation 0. .811 0. 396 1, 174 -0, ,174 0. 187 -0. 118 -0. ,867 -0. 320 
(2, ,060) (0, 461) a. 115) (0, ,905) (0. 289) (0. ,074) (1. ,378) (0. ,475) 

Harmonic distortion 0. ,234 -0. 373 0. 063 -0. ,029 -0. 140 -0. ,451 -0. ,013 0. ,007 
(2, .614) (3. 111) to. 256) (0, .139) (0. 697) (0. ,968) (0. ,088) (0. ,035) 

Alternate channel 1, ,260 -0. 087 0. 617 1, .166 0. 563 -0. ,013 0, ,946 0. ,706 
selectivity (4, ,859) (0. 238) (1. 315) (3, ,090) (1. 478) (0. .093) (4. .126) (1. ,848) 

IHF sensitivity -o. .052 -0, ,688 -0, 626 0, .140 -0. 350 0, ,455 -0, ,475 -0, ,215 
(0. ,217) (2. 204) (1. 361) (0, .302) (0. 537) (0. ,523) (1. ,863) (0. .686) 

AM band dummy -0, . 244 -0. ,343 -0. 273 -0. .118 -0. 393 -0. ,152 -0. ,082 -0. .038 
C 2, .873) (2, ,268) (1. 393) (0, .725) (1. 923) (0. ,511) (0. .683) (0. .241) 

a 
Numbers m parentheses are t-values. 

The variable is not included in the regression because either specifications are not 
available or the variable is not identified with sample models in this year. 



Table 25, Regression Coefficients for Quality Variables Estimated in Regressions 
of Price on Quality Variables: Receivers, 1966-1973 

Quality Variable 

a 
Regression Coefficient 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

RMS power -0. 438 -0. 525 -0. 247 -0. 321 -0. 413 -0. 276 -0. 573 -0. 613 
(10. 104) (6. 276) 12. 745) (3. ,531) (2. 196) (1. .902) (2. ,275) (3. 576) 

Harmonic distortion -0. 115 -0, 092 -0. 194 -0. 396 -0. ,184 -0. .120 -0. ,460 -0. ,153 
(2. 299) (1. 163) (1. ,639) (2. ,977) (1. ,118) (0. ,929) (2. ,136) (1. ,321) 

Intermoduletion distortion -0. , 091 -0. 039 -0. ,202 -0. ,035 -0. ,054 -0. ,172 -0. 105 -0. ,092 

(0. 194) (0. 862) (1. ,927) (0. ,325) (0. ,278) (0. ,797) (0. ,871) (0. ,920) 

Alternate channel -0. ,058 -0. 048 -0. .087 -0. ,119 b b b b 

selectivity (0. ,631) (1. 161) (0. ,405) (0. ,651) 

Signal to noise ratio -0, ,308 -0. 081 -0. ,382 -0. ,898 -0. ,408 -1. .997 -1. .561 -1. .323 
(1. ,362) (0. 288) (1. ,327) (2, ,864) (0. .862) (0. .226) (0. ,271) (3. .198) 

Capture ratio -0. ,145 -0. 007 -0. .187 -0. .069 -0. .021 -0. .267 -0. ,199 -0. .021 
(2. , 269) (0. 088) (1. .745) (1. .161) (0. .088) (0. ,760) (0. ,549) (0. .176) 

Stereo separation -0. . 279 -1. 371 -1, . 203 -0. .531 -0. ,191 -0. .191 -0. .122 -0. .984 
(1. .245) (3. 409) (3, ,127) (1. .206) (0. .562) (0. .441) (0. .332) (3, . 529) 

FM distortion -0. .119 -0, 102 -0, .194 -0, .025 -0, .119 -0, .192 -0. ,306 -0. .142 
(2. . 274) (1. 307) (1. .648) (0, .388) (0, .563) (0. .745) (1. .571) (2. .106) 

IHF sensitivity -0, ,298 -0. ,113 -0, .370 -0. .274 -0, .735 -0, ,519 -0, .232 -0, .980 
(0, ,912) (0, 538) a, .534) (1, .710) (1. ,664) (0. ,757) (0. ,644) (0, .395) 



Table 25.—Continued 

a 
Regression Coefficient 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Power bandwidth, min. Hz -0.092 
(1.849) 

-0.129 
(1.698) 

-0.181 
(1.401) 

-0.167 
(1.767) 

-0.043 

(0.134) 

-0.597 

(1.142) 

-0.060 

(0.418) 

-0.076 

(0.856) 

Power bandwidth, max. KHz -0.017 

(0.243) 

-0,183 

(1.747) 

-0.253 

(1.816) 

-0.058 

CO,510) 

-0.054 
(0.225) 

-0.517 
(1.447) 

-0.245 
(1.657) 

-0.062 
(0.778) 

AM band dummy -0.126 
(1,618) 

-0,119 
(2.238) 

-0.245 
(2.788) 

-0.169 
(3,108) 

-0,072 
(0.570) 

-0.016 

(0.166) 

-0.067 

(1.266) 

-0.084 

(1.252) 

Quadraphonic model dummy -0.445 
(10,045) 

-0.432 
(5,537) 

b b b b b b 

a 
Numbers in parentheses are t-values. 

The variable is not included in the regression because either specifications are not 

available or the variable is not identified with sample models in this year. 
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Table 26. Regression Coefficients for Quality Variables 
Estimated in Regressions of Price on Quality 
Variables: Automatic Turntables, 1969-1973 

Regression Coefficient51 

Quality Variable 1973 1972 1971 1970 1969 

Wow 0. 
(1. 

253 
335) 

0.010 
(0.040) 

0.549 
(1.583) 

-0.446 
(1. 986) 

-0.194 
(0.788) 

Flutter -0. 
(0. 

047 
748) 

0.161 
(2.023) 

-0.510 
(3.203) 

b -0.117 
(0.739) 

Arm resonance -1. 
(8. 

328 
999) 

-1.604 
(6.616) 

-1.187 
(4 . 096) 

0. 057 
(0.209) 

-0.271 
(1.445) 

Tracking error -0, 
(1. 

031 
074) 

-0.074 
(1.737) 

0. 064 
(0.368) 

-0.007 
(0.075) 

0. 038 
(0.331) 

Rumble 0. 
(3. 

722 
001) 

-0.150 
(1.186) 

0.113 
(0.788) 

1.342 
(2.650) 

-0.261 
(2.975) 

Weight 0. 
(5, 

820 
863) 

0.805 
(3.689) 

1.109 
(3,208) 

0 . 665 
(2.456) 

0. 645 
(3.173) 

Vertical tracking 
adjustment dummy 

0. 
(3. 

203 
252) 

b b b b 

Synchronous 
motor dummy 

-0. 
(0. 

048 
917) 

b b b b 

Antiskate device 
dummy 

0. 
(2. 

268 
747) 

b b b b 

lumbers in parentheses are t-values. 

^The variable is not included in the regression 
because either specifications are not or the variable is not 
identified with sample models in this year. 



Table 27. Regression Coefficients for Quality Variables Estimated in Regressions 
of Price on Quality Variables: Phonograph Cartridges, 1966-1973 

Regression Coefficient3 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Minimum frequency response 0.274 -0. 150 -0. 033 -0. 013 -0. 365 -0. 095 -0. 115 -0. 228 
(1.556) (1. 589) (0. 236) (0. 062) (2. 189) (0. 427) (0. 706) (1. 389) 

Maximum frequency response 0.340 -0, 192 -0. 226 0. 179 -0. 043 0. 456 -0. 164 -0. 433 
(1.364) (0. 967) (1. 220) (0. 431) (0. 279) (0. 532) (0. 349) (1. 448) 

Output -0.225 -8. 492 -0. 039 -7. 506 -0. 228 -0. 380 -0. 007 -0. 288 
(2.545) (1. 107) (0, 836) (0, 900) (1. 410) (1. 682) (0. 519) (2. 151) 

Separation 0.214 0, 188 1. 116 -0. 178 -0. 471 -0. 151 0. 720 -0. 299 
(5,220) (0. 564) (3, 955) (0. 407) (1. 379) (0. 255) (1. 594) (0. 802) 

Minimum tracking weight -0.382 -0, 427 -0. 265 -0. 404 -0. 174 0. 138 -0. 211 -0. 122 
(3,494) (3. 551) (2. 012) (3. 551) (1. 181) (0. 532) (1. 368) (0. 878) 

Elliptical stylus dummy 0.111 0. 270 0. 109 0. 275 0. 307 0. 504 0. 542 0. 490 
(0.875) (1. 948) (1. 075) (2. 336) (3. 193) (3. 626) (4. 189) (3. 243) 

aNumbers in parentheses are t-values. 
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Table 28. Regression Coefficients for Quality Variables 
Estimated in Regressions of Price on Quality 
Variables: Speaker Systems, 1970-1973 

Regression Coefficient3 

Quality Variable 1973 1972 1971 1970 

Resonance -0.231 
(2.274) 

-0.087 
(0.878) 

0. 013 
(0.138) 

0. 009 
(0.133) 

Minimum power requirement 0. 040 
(1.070) 

0. 036 
(0.740) 

0.156 
(2.362) 

0.139 
(2.414) 

Maximum power capacity -0.024 
(0.326) 

-0.184 
(2.131) 

-0,059 
(0.713) 

0.102 
(1.512) 

Weight 0.825 
(12.241) 

1. 005 
(11.917) 

0. 974 
(11.296) 

0.839 
(15.543) 

aNumbers in parentheses are t--values. 



Table 29. Regression Coefficients for Quality Variables Estimated in 
of Price on Quality Variables: Headphones, 1966-1973 

Regressions 

Regression Coefficient 
a 

Quality Variable 1973 1972 1971 1970 1969 1968 1967 1966 

Frequency response, min Hz -0.084 

(0.646) 
-0.245 
(1.403) 

-0.370 

(1.488) 

-0.550 

(2.413) 

-0.262 

(0.991) 

-0.080 

(0.425) 
0.044 
(0.199) 

0. 225 
(0.922) 

Frequency response, max KHz 0. 249 
(0.984) 

0.757 

(2.431) 

1.029 

(1.806) 

0, 299 

(1.022) 

1.381 

(3.278) 

1,095 

(2.832) 

1,366 

(2.020) 

0.747 

(1.506) 

Distortion -0.189 
(2.755) 

-0.110 
(1.505) 

0.069 
(0.873) 

-0.066 
(0,586) 

-0.334 
(2.663) 

-0,484 
(2,116) 

-0.609 
(1.808) 

-0.097 
(0.505) 

Weight 0,392 
(3.745) 

0,681 
(4,395) 

0.502 
(2.580) 

0,635 
(2,779) 

-0.158 

(0.561) 

-0,133 

(0.507) 

-0.815 
(0.978) 

-0.391 
(1.119) 

Electrostatic model dummy 0,750 

C4.345) 

0,908 

(3.266) 
1.294 

(6.348) 

0,743 

(2,523) 
b b b b 

a 
Numbers in parentheses are t-values. 

The variable is not included in the regression because either specifications are not 
available or the variable is not identified with sample models in this year. 
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Table 30. Regression Coefficients for Quality Variables 
Estimated in Regressions of Price on Quality 
Variables: Open Reel Tape Decks, 1970-1973 

Regression Coefficient a 

Quality Variable 1973 1972 1971 1970 

Frequency response, 
min. Hz 

0. 
(2. 

519 
418) 

-0.144 
(0.723) 

0.100 
(0.386) 

0. 007 
(0.017) 

Frequency Response, 
max. KHz 

1. 
(3. 

321 
402) 

0.787 
(1.928) 

1.107 
(2.200) 

0. 247 
(0.405) 

Signal to noise ratio 4, 
(5. 

071 
422) 

3 .385 
(4 . 245) 

1.720 
(1.788) 

1.967 
(2.016) 

Wow and Flutter 0. 
(1. 

217 
458) 

0. 071 
(0.618) 

0. 270 
(1.123) 

-0.180 
(0.716) 

Weight 0. 
(5. 

822 
179) 

0.372 
(1.615) 

0.670 
(2.332) 

0.655 
(1.790) 

Number of motors 0. 
(1. 

298 
006) 

0. 555 
(3.946) 

0. 547 
(3.198) 

-0.265 
(1.263) 

Number of heads -0. 
(0. 

005 
279) 

0.382 
(1.348) 

0,210 
CO,593) 

-0.003 
(0,090) 

Induction motor dummy -0, 
(0. 

031 
273) 

-0,114 
(0.709) 

-0,036 
(0,180) 

b 

Quadraphonic model dummy 0, 
(3. 

357 
992) 

0.357 
(2.430) 

0.151 
(0.978) 

b 

aNumbers in parentheses are t-values. 

^The variable is not included in the regression 
because either specifications are not available or the 
variable is not identified with sample models in this year. 
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Table 31. Regression Coefficients for Quality Variables 
Estimated in Regressions of Price on Quality 
Variables: Cassette Tape Decks, 1971-1973 

£ Regression Coefficient 

Quality Variable 1973 1972 1971 

Frequency response, min. Hz 0. 079 
CO.693) 

0.080 
(0.469) 

0. 522 
(1.521) 

Frequency response, max. KHz 0.564 
(1.919) 

-0.344 
(1.150) 

0.118 
(0.168) 

Signal to noise ratio 0.654 
(1. 844) 

1.414 
(1.746) 

1.703 
(2.311) 

Wow and flutter -0.174 
(1.532) 

-0.119 
(0.639) 

-0.056 
(0.183) 

Weight 0.231 
(2.304) 

0. 462 
(5.726) 

-0.025 
(0.121) 

Noise reduction system dummy 0.205 
(3.234) 

0.188 
(1.554) 

0.149 
(1.085) 

aNumbers in parentheses are t-values. 
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Table 32. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Integrated Amplifiers, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.88 0.87 0.81 0.78 0.69 0.87 0.84 0.84 

F-Statistic 42.491 33.784 21.210 19.875 11.307 26.512 29.487 32.771 

Number of 
observations 50 44 42 40 37 30 40 44 

Number of quality 
variables 



Table 33. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Basic Power Amplifiers, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.75 0.91 0.93 0. 84 0.89 0.94 0. 91 0.89 

F-Statistic 14.142 10.502 23.422 11.627 24 . 086 30.792 26.272 15.061 

Number of 
observations 35 15 18 20 24 19 22 18 

Number of quality 
variables 6 6 6 6 6 6 6 6 



Table 34. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Preamplifiers, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.64 0. 65 0.6 6 0.69 0.77 0.82 0.86 0.84 

F-Statistic 3.973 3, 025 1,795 7.052 7.160 27.670 6. 005 6.244 

Number of 
observations 14 14 10 16 13 11 10 12 

Number of quality 
variables 4 4 4 4 4 4 4 4 



Table 35. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Tuners, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.82 0.74 0.60 0.66 0. 62 0.58 0.88 0.68 

F-Statistic 23.240 11.268 2.851 4. 683 3.571 1.788 14.281 4.461 

Number of 
observations 50 41 24 28 23 17 22 23 

Number of quality 
variables 8 8 8 8 7 7 7 7 



Table 36. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Receivers, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.80 0.84 0.75 0.86 0.48 0.88 0.80 0.80 

F-Statistic 34.294 15.636 10.797 17.083 1.443 3.984 4.352 5.714 

Number of 
observations 122 54 56 45 29 18 24 28 

Number of quality 
variables 13 13 12 12 11 6 11 11 
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Table 37. Coefficients of Determination and F-Statistics 
for Regression Equations with Price and Quality 
Variables: Automatic Turntables, 1969-1973 

1973 1972 1971 1970 1969 

Coefficient of 
determination 0.97 0. 89 0. 87 0. 90 0. 92 

F-Statistic 48.643 24.462 16.880 22.674 16.912 

Number of 
observations 23 25 22 19 16 

Number of quality 
variables 9 6 6 5 6 



Table 38, Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Phonograph Cartridges, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0.38 0.46 0.58 0.56 0. 58 0 . 63 0.73 0.70 

F-Statistic 5.191 7. 063 7. Oil 6. 693 6. 030 4.579 7.216 10.488 

Number of 
observations 58 57 38 39 33 23 23 34 

Number of quality 
variables 6 6 6 6 6 6 6 6 
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Table 39. Coefficients of Determination and F-Statistics 
for Regression Equations with Price and Quality 
Variables: Speaker Systems, 1970-1973 

1973 1972 1971 1970 

Coefficient of determination 0.75 0,75 0.85 0.89 

F-Statistic 99.849 53 . 776 97,426 157.494 

Number of observations 135 76 72 80 

Number of quality variables 4 4 4 4 



Table 40. Coefficients of Determination and F-Statistics for Regression Equations 
with Price and Quality Variables: Headphones, 1966-1973 

1973 1972 1971 1970 1969 1968 1967 1966 

Coefficient of 
determination 0. 52 

C
O

 m
 » 
o
 0.75 0.60 0. 53 0.47 0. 42 0.37 

F-Statistic 13.359 13.333 13.267 7.768 6.495 4 . 676 2. 869 1. 639 

Number of 
observations 68 55 28 22 28 26 21 56 

Number of quality 
variables 5 5 5 5 4 4 4 4 



Table 41. Coefficients of Determination and F-Statistics 
for Regression Equations with Price and Quality 
Variables: Open Reel Tape Decks, 1970-1973 

1973 1972 1971 1970 

Coefficient of determination 0.80 0.80 0.82 0.74 

F-Statistic 20.548 14.889 12.734 9.405 

Number of observations 5 5 43 3 6 3 5 

Number of quality variables 9 9 9 8 

Table 42. Coefficients of Determination and F-Statistics 
for Regression Equations with Price and Quality 
Variables; Cassette Tape Decks, 1971*-1973 

1973 1972 1971 

Coefficient of determination 0,75 0.82 0.84 

F-Statistic 17.968 15.618 4.420 

Number of observations 43 27 12 

Number of quality variables 6 6 6 



APPENDIX D 

QUALITY-ADJUSTED PRICE CHANGES FOR HIGH 
FIDELITY COMPONENTS 

Because changes in the qualities of some commodities 

are measurable, the possibility exists for adjusting 

observed changes in prices of the commodities for quality 

changes, providing estimates of what may be termed "pure" 

price changes. Price indexes have been criticized for -

their failure to consider quality improvements, although 

the Bureau of Labor Statistics does attempt to make 

allowances for quality improvements in some products 

(Triplett, 1971). In this appendix, the technique of 

calculating quality-adjusted, or hedonic, price indexes is 

briefly described, estimates of quality-adjusted changes in 

average prices of high fidelity equipment are presented, 

and some of the problems encountered in employing the 

hedonic technique are discussed. 

The Hedonic Price Technique 

One approach to calculating quality-adjusted price 

changes, suggested by Griliches (1971a, pp. 6-7), involves 

estimating the rate of quality change in the various models 

of a product. The quality characteristics of a product are 

identified, and the changes in the qualities are weighted by 

134 
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some measure of the importance of the quality variables. 

The importance of quality variables may be measured by {1) 

the proportions of product price attributed to the qualities 

or {2) the elasticities of price with respect to the 

qualities. For each model, changes in the qualities are 

measured, the changes are weighted by a selected measure of 

importance, and then they are summed and averaged. This 

procedure provides, for each model, an estimate of the rate 

of quality change. The estimated rate of quality change is 

then subtracted from the rate of change in the model's 

price, thus estimating. a rate of price change, for each 

model, adjusted for quality changes, Next, the quality

adjusted price change for each model is weighted by its 

sales. The.weighted quality-adjusted price changes for all 

models are then summed and averaged. The result is an 

estimate of the rate of change in average price of the 

product, adjusted for quality changes. 

Because of its simplicity, an alternative approach, 

first employed by Court {1939) and revived by Griliches 

{197la), is used in all known estimates of quality-adjusted 

price indexes and is the method by which hedonic rates of 

price change for high fidelity components are estimated in 

this research. The second method involves regressing price 

on quality variables and a time dummy variable for cross

section samples of models of a product from two different 

time periods, The regression coefficient for the time dummy 
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is interpreted as an estimate of the change in the average 

price of the component, after adjusting for quality 

variables. However, this approach is not without limita

tions, which are discussed in another section of this 

appendix. 

Estimates of Hedonic Price Changes for High 
Fidelity Components, 1966-1973 

In this research, the rate of change in average 

component price, adjusted for quality changes, is estimated, 

for each component and for several time periods. For each 

component, an annual rate of hedonic price change is esti

mated by regressing the logarithm of component price on 

logarithms of quality variables and a time variable for 

component samples in two adjacent years. The regression 

model employed for each component is 

In P. = In a + I b In Q . + c T, x n ni ' 

where is the price of the ith model, Qn^ is the specifica

tion for the nth quality variable of the ith model, and T is 

a dummy variable for time, taking the value zero in the base 

year and one in the next year. The coefficient c is the 

estimate of the percentage change in the average price of 

sample models between the two years. 

For each of the eleven components, samples of models 

from two successive years are formed, beginning with 1966 

and 1967 models, in several cases, and continuing, in all 
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cases, through 1973. On the basis of the above regression 

model, a regression equation is estimated for each two-year 

sample. The quality variables included in the regressions 

are listed, by component, in Tables 21-31 in Appendix B. 

Tables 43-53 indicate, by component, the time periods for 

which regression equations are estimated and also present 

the regression coefficients for the time indicator variables. 

All but two of the regression equations are significant at 

the 0.01 level, and those two are significant at the 0.05 

level. 

The regression coefficients for time variables 

represent the annual rate of change in average component 

price, after adjusting for quality changes. The time 

variable is.significant at the 0.05 level or higher in only 

three equations. For integrated amplifiers, receivers, and 

automatic turntables, the coefficient for the time variable 

is significant only for the regression based on a sample of 

1972 and 1973 models, The time coefficients, in these cases, 

indicate that, from 1972 to 1973, the quality-adjusted 

average price increased by 0.1 per cent for integrated 

amplifiers, 8.2 per cent for receivers, and 10.2 per cent 

for automatic turntables. In all other cases, average 

prices of components do not appear to increase, after 

quality changes are considered. An examination of the 

correlation matrices suggests that in no case does the time 
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Table 43. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Integrated Amplifiers 

Time 
Period 

Coefficient for 
Time Variable3 

Degrees of 
Freedom 

1972-73 0.091b 
(2.290) 

85 

1971-72 0. 016 
(0.293) 

77 

1970-71 -0.079 
(1.376) 

73 

1969-70 0. 017 
(0.229) 

69 

1968-69 -0.056 
(0.625) 

59 

1967-68 -0.058 
(0.985) 

62 

19 66-67 -0.038 
(0.675) 

76 

aThe numbers in parentheses are t-values. 

Significant at the 0,05 level in a two tail t^test. 
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Table 44. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Basic Power 
Amplifiers 

Time 
Period 

Coefficient for 
Time Variable3 

Degrees of 
Freedom 

1972-73 0.123 
(1.213) 

41 

1971-72 -0.041 
(0.385) 

24 

1970-71 -0.165 
(1.925) 

30 

1969-70 0. 019 
(0.255) 

36 

1968-69 0. 088 
(1.325) 

35 

1967-68 0. 016 
(0.250) 

33 

1966-67 -0.159 
(1.721) 

32 

ci 
The numbers in parentheses are t-values. 
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Table 45. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Preamplifiers 

Time Coefficient for Degrees of 
Period Time Variable3 Freedom 

1972-73 0. 021 21 
(0.173) 

1971-72 0. 016 17 
(0,089) 

1970-71 -0.059 20 
(0.355) 

1969-70 -0.011 22 
(0.074) 

1968-69 0.116 17 
(1.088) 

1967-68 0.156 14 
(0,079) 

1966-67 0.092 15 
(0.532) 

dThe numbers in parentheses are t^values, 
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Table 46. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Tuners 

Time 
Period 

Coefficient for 
Time Variable3 

Degrees of 
Freedom 

1972-73 0. 007 
(0.927) 

81 

1971-72 0. 013 
(0.832) 

56 

1970-71 -0.001 
(0.103) 

42 

1969-70 -0.002 
(0.473) 

43 

1968-69 -0.004 
(0.272) 

31 

1967-68 0,011 
(0.364) 

31 

1966-67 -0.014 
(1.563) 

36 

The numbers in parentheses are t-values. 
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Table 47. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Receivers 

Time Coefficient for Degrees of 
Period Time Variablea Freedom 

1972-73 0.082b 161 
(2.476) 

1971-72 -0.098 95 
(1.840) 

1970-71 -0.017 87 
(0.396) 

1969-70 -0.008 61 
(0.146) 

1968-69 -0.121 34 
(1.659) 

1967-68 0. 015 29 
(0.210) 

1966-67 -0.011 39 
(0.204) 

The numbers in parentheses are t-values. 

Significant at the 0,05 level in a two tail t-test. 
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Table 48. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Phonograph Cartridges 

Time Coefficient for Degrees of 
Period Time Variable3 Freedom 

1972-73 0. 069 107 
(0.811) 

1971-72 -0.065 87 
(0.858) 

1970-71 0.103 69 
(1.562) 

1969-70 -0.118 64 
(0.904) 

1968-69 -0.012 48 
(0.167) 

1967-68 0.137 38 
(1,486) 

1966-67 -0.016 49 
(0.171) 

aThe numbers in parentheses are t-values. 
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Table 49. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Speaker Systems 

Time Coefficient for Degrees of 
Period Time Variable3 Freedom 

1972-73 -0.040 205 
(0.755) 

1971-72 0. 072 142 
(1.387) 

1970-71 -0.016 146 
(0.370) 

aThe numbers in parentheses are t-values, 
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Table 50. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Headphones 

Time 
Period 

1972-73 

1971-72 

1970-71 

1969-70 

1968-69 

1967-68 

1966-67 

Coefficient for 
Time Variablea 

0.004 
(0.055) 

0.046 
(0.508) 

-0.006 
(0.636) 

0.122 
(0.896) 

0.021 
(0.200) 

-0.015 
(0.119) 

-0.065 
(0.402) 

aThe numbers in parentheses are t-values. 

Degrees of 
Freedom 

116 

76 

53 

53 

48 

41 

31 
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Table 51. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Automatic Turntables 

Time Coefficient for Degrees of 
Period Time Variable3 Freedom 

1972-73 0.10 2b 40 
(2.247) 

1971-72 -0.005 39 
(0.064) 

1970-71 0. 083 33 
(1.296) 

1969-70 0. 258 27 
(1.927) 

aThe numbers in parentheses are t-values. 

^Significant at the 0.05 level in a two tail t-test. 

Table 52, Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Open Reel Tape Decks 

Time Coefficient for Degrees of 
Period Time Variable51 Freedom 

1972-73 -0.018 87 
(0.278) 

1971-72 -0.037 68 
(0.530) 

1970-71 -0.049 60 
(0.572) 

aThe numbers in parentheses are t-values. 
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Table 53. Regression Coefficients for Time Dummy Variable 
in Double Logarithmic Regressions of Price on 
Quality and Time Variables: Cassette Tape Decks 

Time Coefficient for Degrees of 
Period Time Variablea Freedom 

1972-73 0. 013 62 
(0.286) 

1971-72 0. 001 31 
(1.236) 

The numbers in parentheses are t-values. 
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variable appear to be highly collinear with other variables 

in the equation. 

One possible explanation for apparent general price 

stability for high fidelity components, in a period of 

general price inflation in the economy, is that sales in 

component markets, with the exception of cassette tape 

decks, declined throughout the period of analysis."'" Markets 

experiencing falling sales may not be able to increase 

prices beyond increases which accompany quality improve

ments. However, quality-adjusted price increases in 1973, 

for integrated amplifiers, receivers, and automatic turn

tables, occurred in markets which were declining. In the 

cassette tape deck market, where sales decline at the least 

rapid rate,.quality-adjusted average prices did not change 

significantly. Market sales growth, then, does not seem to 

explain why prices increased in some markets but did not 

increase in 'other markets. 

Market concentration also does not appear to be 

related to significant time coefficients. In the most 

highly concentrated markets, time variable coefficients are 

not statistically significant at the 0.05 level in any 

period. For the three markets where quality-adjusted 

prices did increase in 1973, concentration ratios are 0,40 

for amplifiers, 0.55 for receivers, and 0,60 for automatic 

1. Table 11 in Chapter 5 presents the average 
annual rate of change in market sales for each component 
over the period 1968-1973. 
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turntables. Without additional data, particularly cost 

data, it is not possible to determine why quality-adjusted 

price increases occurred in some markets but did not occur 

in other markets. 

Problems with Hedonic Price Change Estimates 

When hedonic price change estimates are made by 

employing time dummy variables, three major problems may 

arise. First, some important quality variables may be 

excluded from the analysis. Second, the relationship 

between price and quality variables may change signifi

cantly between the two time periods examined. And, third, 

the sample of models from the two time periods may not be 

homogeneous with respect to brands. The following sub

sections discuss these problems and indicate how they were 

resolved in estimating hedonic price change estimates for 

high fidelity components. 

Omission of Quality Variables 

When important quality variables are omitted from 

the analysis, changes in the omitted qualities are not 

reflected in the "pure" price change estimates. When there 

is improvement in the omitted quality, the quality-adjusted 

price change estimate overstates the change in price which 

is due to factors other than quality improvement. As indi

cated in Chapter 3, every effort was made to include 

important quality variables in the analysis. Although some 
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important quality variables may have been excluded, price 

changes adjusted for changes in included quality variables 

are preferable to unadjusted price changes. 

Care also must be exercised whenever a quality 

variable is identified with component models in one year 

but is not associated with models in the prior year. For 

some components, a few innovative features, which are not 

measurable but are accounted for by use of dummy variables 

(quadraphonic reproduction or noise reduction systems, for 

example), do not appear in a base year but do appear in the 

subsequent year. For the seven components where a quality 

feature does not appear in one year but does appear in the 

subsequent year, the sample for those two years is restricted 

to models which do not incorporate the quality feature. 

The reliability of estimates of hedonic price 

changes for high fidelity components may be questioned 

because firm dummy variables are not included in the 

regression model. Firm dummy variables can be included 

only where the set of brands selected for the base year are 

identical to the set of brands selected for the subsequent 

or end year. Firm dummy variables are not included in this 

analysis because the samples are reduced severely whenever 

this condition is satisfied. If the firm dummy variables 

represent some omitted quality variable(s), the hedonic 

price estimates will not be accurate. If, however, the firm 

dummies stand for something other than a firm-related 
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variable, their exclusion is proper because price adjust

ments should be made only for quality changes. 

Changing Relationships Between Price 
and Quality 

Hedonic price change estimation essentially involved 

"pricing" quality changes on the basis of implicit prices 

Cor implicit price elasticities, as is the case in this 

analysis) obtained from regressing price on quality 

variables. A potential problem, mentioned by Griliches 

(1971b, p. 59), is that the regression coefficients for 

quality variables, estimated on the basis of a sample of 

models from two different years, may be significantly dif

ferent from coefficients estimated in regressions based on 

separate samples for the two-year periods. When a sample 

is composed of models from two adjacent years, for example 

1969 and 1970, the relationship between price and quality 

may not change significantly from one year to the next. 

However, as Tables 21-31 in Appendix B show, regression 

coefficients for quality variables estimated on the basis of 

a component sample from any one year appear to vary sub

stantially in value, in many cases, from regression coeffi

cients estimated on the basis of samples from adjacent 

years. Because of this apparent instability in coefficient 

values, the resulting hedonic price change estimates are 

questionable. 
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Nonhomogeneous Samples 

Griliches (1971a, pp. 7-8) indicates that, when 

hedonic estimates are made with a combined two-year cross 

section regression on quality variables, distortions in 

the estimates may result if the two samples are not 

homogeneous with respect to models or firms. Consider', for 

example, a year in which the sample includes models from a 

firm which is not included in the prior year's sample. If 

the new model's specifications are priced higher than all 

other models, the time variable in the regression will be 

biased upward. 

Annual samples for high fidelity components used in 

this research are not homogeneous; therefore, some bias in 

the hedonic price change estimates to which Griliches refers 

is probable. Like most research in this area, emphasis is 

placed on obtaining as large a cross section as possible for 

any year, and the brands represented in any two years are 

not identical. 

Summary 

During the period of the early 1970's, when price 

indexes have been increasing, prices of high fidelity 

components, adjusted for quality improvements, do not appear 

to have increased in most cases. Two possible reasons for 

the stability in estimated hedonic prices are declining 

total market sales and high market concentration. However, 
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quality-adjusted price increases occurred in markets which 

were declining and in markets which varied considerably in 

concentration. 



APPENDIX E 

TABLES OF REGRESSION COEFFICIENTS FOR QUALITY VARIABLES 
ESTIMATED IN DOUBLE LOGARITHMIC REGRESSIONS OF 

PRICE ON QUALITY AND FIRM DUMMY VARIABLES 
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Table 54. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Integrated Amplifiers 

Regressiona 
Quality Variable Coefficient 

RMS power, watts 0.4 9 9^ 
(8.424) 

Q 
Harmonic distortion -0.150 

(2.191) 

c Signal to noise ratio 0.594 
(2.002) 

Power bandwidth, minimum Hz 0.028 
(0 .438) 

Power bandwidth, maximum KHz 0.131 
(1.387) 

Quadraphonic dummy 0.582^ 
(8.147) 

aNumbers in parentheses are lvalues, 

Significant at the 0,01 level or higher in a one 
tail t*-test. 

Q 
Significant at the 0.05 level or higher in a one 

tail t-test. 
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Table 55. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model Basic 
Power Amplifiers 

Regressiona 
Quality Variable Coefficient 

RMS power, watts 0.653b 
(7.637) 

Harmonic distortion 0.346 
(0.895) 

Signal to noise ratio 1.391 
(1.560) 

Power bandwidth, minimum Hz 0.098 
(0.923) 

Power bandwidth, maximum KHz 0.248 
(1.547) 

Quadraphonic dummy 0. 4 8 4b 
(3.597) 

aNumbers in parentheses are t*-values. 

^Significant at the 0.01 level or higher in a one 
tail t-test. 
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Table 56. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model Tuners 

Regression 
Quality Variable Coefficient 

Signal to noise ratio 0 . 443 
(0.409) 

Capture ratio 0.149 
(0.581) 

AM suppression 0.190 
(0.351) 

Stereo separation -0. 505 
(0.351) 

Harmonic distortion ' -0.013 
(0.054) 

Alternate channel selectivity 1.527b 
(2.901) 

IHF sensitivity -0.238 
(0.471) 

AM band dummy -0.251 
(1.608) 

g 

Numbers in parentheses are t-values. 

Significant at the 0.01 level or higher in a one 
tail t-test. 
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Table 57. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Receivers 

Regressiona 
Quality Variable Coefficient 

RMS power, watts 0.404^ 
(8 . 915) 

Q 
Harmonic distortion -0.100 

(1.680) 

Intermodulation distortion 0.021 
(0.292) 

Power bandwidth, minimum Hz 0.034 
(0.566) 

Q 
Power bandwidth, maximum KHz 0.156 

(.2. 059) 

Signal to noise ratio 0.005 
(0.167) 

IHF sensitivity 0.004 
(0.362) 

Capture ratio 0.027 
(0.415) 

FM distortion 0,108 
(1.572) 

Stereo separation 0.263 
(0.998) 

Alternate channel selectivity 3.408 
(1.494) 

AM band dummy -0.19 6 
(2.196) 

aNumbers in parentheses are t-values. 

Significant at the 0.01 level or higher in a one 
tail t-test, 

Significant at the 0,05 level or higher in a one 
tail t*-test. 
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Table 58. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Phonograph Cartridges 

Regress iona 
Quality Variable Coefficient 

Frequency response, minimum Hz -0.488b 
(4.505) 

Frequency response, maximum KHz 0.412 
(1.339) 

Output -0.362 
(1.521) 

Separation 0.014 
(0.034) 

Minimum tracking weight -0.199b 
(2.522) 

Elliptical stylus dummy 0.19 5b 
(3.539) 

Numbers in parentheses are t-values. 

Significant at the 0.01 level or higher in a one 
tail t-test. 
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Table 59. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Speaker Systems 

Regression 
Quality Variable Coefficienta 

Resonance -0.3 02b 
(3.551) 

Power handling capacity 0. 070 
(0.929) 

Minimum power requirement 0.138° 
(2.604) 

Weight 0.7 8 8b 
(2.145) 

Numbers in parentheses are t-values. 

Significant at the 0.01 level or higher in a one 
tail t-test. 

c Significant at the 0.05 level or higher m a one 
tail t-test. 
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Table 60. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Headphones 

Regression 
Quality Variable Coefficient 

Frequency response, minimum Hz -0.171 
(0.917) 

Frequency response, maximum KHz 0.096 
(0.323) 

Distortion -0.112 
(1.192) 

Weight 0.653b 
(3.887) 

Electrostatic model dummy 0.78 2b 
(4.690) 

Numbers in parentheses are t-values. 
r_ 

Significant at the 0.01 level or higher in a one 
tail t-test. 
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Table 61. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Automatic Turntables 

Regression 
Quality Variable Coefficient3 

Tracking error -0.032 
(0.816) 

Arm resonance -0.973^ 
(3.020) 

Rumble 1.623 
(1.475) 

Wow 0.048 
(0.112) 

Flutter -0.104 
(0.341) 

Weight 0.461 
(1.093) 

Antiskate dummy 0.132 
(0.940) 

Vertical tracking adjustment dummy 0.158*3 
(1.899) 

Synchronous motor dummy 0.046 
(0.427) 

aNumbers in parentheses are t-values, 

^Significant at the 0.01 level or higher in a one 
tail t-test. 
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Table 62. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model Open 
Reel Tape Decks 

Quality Variable 
Regression. 
Coef f icientc 

Frequency response, minimum Hz 0. 419 
(2.098) 

Frequency response, maximum KHz 

Signal to noise ratio 

0.750 
(2.Oil) 

2.641C 
(1.738) 

Wow and flutter 0. 003 
(0.019) 

Weight 1.221 
(6.105) 

Number of heads -0.052 
(0.298) 

Number of motors 0.106 
(1.255) 

Induction motor dummy 0.239 
(1.915) 

Quadraphonic dummy 0.414^ 
(6.945) 

Numbers in parentheses are t-values. 

^Significant at the 0.01 level or higher in a one 
tail t'-test. 

Significant at the 0.05 level or higher in a one 
tail t-test. 
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Table 63. Regression Coefficients for Quality Variables 
Estimated by Double Logarithmic Regression of 
Price on Quality Variables for 1973 Model 
Cassette Tape Decks 

Regression 
Quality Variable Coefficienta 

Frequency response, minimum Hz 0.119 
(0.519) 

Frequency response, maximum KHz -0.137 
(0.269) 

Signal to noise ratio 1.030° 
(1.779) 

Wow and flutter -0.303C 
(1.804) 

Weight 0.522b 
(3.139) 

Noise reduction system dummy 0.167° 
(1.991) 

Numbers in parentheses are t-values, 

Significant at the 0.01 level or higher in a one 
tail t-test. 

Q 
Significant at the 0,05 level or higher m a one 

tail t-test. 
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REGRESSION COEFFICIENTS FOR FIRM DUMMY VARIABLES WHICH 
ARE STATISTICALLY SIGNIFICANT IN DOUBLE LOGARITHMIC 

REGRESSIONS OF PRICE ON QUALITY AND FIRM 
DUMMY VARIABLES 

Component and Brand 

Integrated amplifiers: 
Audionics 

Regression Coefficient. 
for Firm Dummy Variable6 

-0.899 
(0.187) 

Sansui -0.243 
(0.089) 

Panasonic -0.536 
(0.156) 

Teac -0.335 
(0.137) 

Lafayette 

Rotel 

-0.299 
(0,138) 

-0.478 
(0.133) 

Heath -0,319 
(0,153) 

Basic power amplifiers: 
Audio Research 1.184 

(0.215) 

JVC 

Electrostatic Sound Systems 

0. 610 
(0.261) 

-0.467 
(0.210) 

Only the coefficients which are significant at the 
0,005 level or higher in a two tail t-test are listed. 
Numbers in parentheses are standard errors. 
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Component and Brand 

Tuners: 
SAE 

Regression Coefficient 
for Firm Dummy Variable5 

0 . 923 
(0.319) 

Receivers: 
Sylvania -0.374 

(0.163) 

Magnavox -0.420 
(0.175) 

Olson - 0 . 6 8 0  
(0.156) 

Rotel -0.368 
(0.151) 

Phonograph Cartridges: 
Olson -1.072 

(0.254) 

IMF -1.048 
(0.420) 

Radio Shack -0.735 
(0.120) 

Grado -0.888 
(0.241) 

Audio Research -0.683 
(0.136) 

Empire -1.109 
(0.238) 

Decca (Paoli) 0. 873 
(0.386) 

Speaker Systems: 
Brand 0.7 68 

(0.176) 

Tandberg 0.9 48 
(0.220) 

Sound Industries -0.484 
(0.180) 
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Regression Coefficient 
Component and Brand for Firm Dummy Variable5 

Bozak 0.465 
(0.154) 

Design Acoustics 0.892 
(0.225) 

Jans zen 0. 475 
(0.154) 

Karlson 1.160 
(0.165) 

Electro Voice 0. 851 
(0.168) 

Sony 0.484 
(0.277) 

Olson 0. 810 
(0.149) 

Maximus 0.946 
(0.225) 

Onkyo 0.782 
(0.153) 

JBL 1.050 
(0.198) 

Tannoy 0.465 
(0.164) 

Bang and Olufson 0.894 
(0.172) 

JVC 0.829 
(0.148) 

Hartley 0.499 
(0.167) 

Epicure 0.365 
(0.143) 

Frazier 0. 589 
(0.185) 
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Component and Brand 

Headphones: 
BSR 

Regression Coefficient, 
for Firm Dummy Variablec 

1. 221 
(0.420) 

KLH 

Sylvania 

0. 923 
(0.397) 

1.335 
(0.403) 

Brand 1. 312 
(0.440) 

Beyer 

Philips 

Telex 

Pioneer 

Revox 

Stanton 

1. 243 
(0.405) 

0.725 
(0.279) 

0.759 
(0.329) 

0. 656 
(0.263) 

0.922 
(0.322) 

0. 860 
(0.289) 

Open Reel Tape Decks: 
Tapesonic 0.53 5 

(0.206) 
-0.504 
(0.243) 

Tandberg 0.67 9 
(0.229) 

Crown 0.664 
(0.184) 

Cassette Tape Decks: 
Philips 0.460 

(0.201) 
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