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Master of Science in Management

Abstract

This research examines the value of knowledge and other intangible capital in
corporations.

One objective of this work is to develop a methodology to value intangible
capital. Four separate valuations models are developed and applied to firms in the
computer and computer electronics industry in the years 1981-1989. The first
valuation approach identifies intangible capital using a model based on Tobin’s q, the
ratio of the firm’s market value to the replacement cost of its physical assets. The
second approach constructs an employee-specific measure of the value of the firm
from the sum of tangible assets and expenditures that represent investments in
intangible assets. The final two models present a novel approach that calculates the
financial market’s mispricing of firm value by comparing actual to expected
performance. Market mispricing is then related to unexpected returns on various
classes of asset investments, both tangible and intangible.

The second objective of this research is the determination of the value and
appropriability of knowledge and other intangible assets in a particular industry.
Results are presented here for the computer and computer electronics industry. The
major finding is that in smaller firms, the value of intangible knowledge assets,
represented by R&D expenditures, is not immediately appropriable by the firm.
Rather, earnings and advertising are the significant determinants of firm value. This
indicates the importance of a market orientation for smalier firms and suggests that
advertising is the mechanism, or at least the explanatory variable, which describes the
importance of securing an appropriable market advantage. For larger firms, the
opposite is true: the value of knowledge assets is greater, indicating that owners are
quite confident of appropriating the benefits of ideas that are produced by the
company. One explanation consistent with these results and with economic theories
of the firm is that due to its reduced appropriability, the risk associated with R&D is
greater in the small firm, and, when discounted for risk, the market value of the R&D
investment is less.

Thesis Supervisor: Professor Erik Brynjolfsson
Title: Associate Professor of Management Science
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CHAPTER 1 INTRODUCTION

This thesis studies the determination of the value and appropriability of
intangible assets in corporations. The objective of this work is to develop a
methodology to value intangible capital. A second objective is to differentiate the
value of intangible capital according to the characteristics of the firms which employ
it and which attempt to capture it. This is a preliminary investigation, and as such
can be further refined to quantify more precisely the results reported here. Future
studies can then apply this methodology to answer questions of broader interest. such
as its application to other industries to identify inter-industry differences, or to

countries to identify national differences.

While intangible assets take many forms - reputation, goodwill, trademarks,
etc. - this study specifically focuses on the value to the firm of knowledge-based and
employee-specific assets. Examples include the research and investigative skills of
scientists in the R&D department of a company, or the marketing expertise of senior
product managers. Questions as to the value of such assets have relevance to service-
oriented firms such as consulting and law firms. However, they are of particular
significance to technology companies, whose principal assets are their employees and
the knowledge they develop. The ability of the firm to succeed depends on its
capability to derive value from the efforts of its employees. In the short term, these
skills provide immediate benefit to the company, yet they will be a source of
permanent, long-term value only if the company is able to assimilate those skills into
its body of organizational knowledge, and reduce its dependence on individual
employees. To illustrate, in larger firms, the organization may be able to assimilate
the research discoveries of its employees or the sales and marketing expertise of
talented individuals. Therefore, current expenditures in R&D, marketing, etc. may be
confidently expected to produce future benefits, and so will provide marketable value
to the firm. In smaller firms, the company may be heavily dependent on key
individuals, and be unable to retain key competitive factors should those individuals

depart. Firm value would be expected to be more dependent on immediate and



appropriable benefits: current and near future earnings, or appropriable intangible
assets such as patents and licenses. This thesis will develop valuation approaches that

allow such differences to be discerned.

In particular, this thesis will focus on the determination of the value and
appropriability of research and brand-name intangible assets to firms in the computer
and computer electronics industry. This industry was chosen because it is
characterized by a diverse group of companies spanning the range from exclusive
dependence on knowledge assets (such as software companies) to companies more
reliant on tangible asseis. The worth of such assets on the open market depends on
the extent to which these assets may be transferred. Questions to be addressed
include the appropriability, to the firm and its owners, of these different types of

assets.

The models to be developed will attempt to determine the value of tangible and
intangible assets to companies characterized by different factors, including firm size
and number of employees, among others. For example, this research will examine
whether companies which depend on tangible assets have markedly different
characteristics than companies which have a much greater dependence on intangible
assets. Similarly, companies that have a high market capitalization per employee
relative to the industry average will be examined to determine factors which lead to

this exceptional value.

The results to be presented provide insight on the role and value of intangible
capital in organizations. Each of the four valuation models is consistent in placing a
lower valuation on investments in knowledge assets (identified by R&D expenditures)
in smaller companies than in larger companies or for the industry sample taken as a
whole. For these smaller companies, value is principally determined by brand-name
(e.g. advertising) investments and operating earnings, indicating that the ideas
produced by the R&D do not intrinsically produce marketable value. Rather, it is the

validation of these ideas in the market that confirms their value. While this does not



imply that the importance (vs the market price) of knowledge assets in smaller
corporations is less than in larger corporations, its lower market value may be due to
two factors. First, the success of R&D in smaller companies is likely to be more
uncertain than in larger companies. Smaller companies face greater constraints due to
financial limitations. lack of organizational infrastructure. and insufficient resources to
adequately handle all phases of production from inception to production and
marketing. Secondly, the owners of smaller companies may be less able to
appropriate the results of R&D investments, which may rest with certain key
individuals, until that knowledge is "locked in" to a stream of earnings via a strong
product and a brand-name reputation. In either case, the risk of investments in R&D
in smaller organizations is greater, and when discounted for risk, the market value of

such investments is less.

Organization

This thesis is organized as follows. Chapter 2 briefly presents different
economic views on property rights, and reviews some of the recent literature on the
valuation of knowledge and intangible capital. Chapter 3 outlines the research plan of
this study, identifying the industry, data sources, and valuation methodology and
models. Chapter 4 presents descriptive information on this industry, including size,
financial, and other measures. The valuation analyses are presented in Chapter 5.
After each valuation model is developed on conceptual grounds, its implementation
for regression analysis is described; results are presented, discussed, and interpreted;
and potential sources of error are discussed. Conclusions are made in Chapter 6, and
recommendations for further work identified in Chapter 7. Appendix 1 provides more
technical detail concerning the data sample, and Appendix 2 briefly describes alternate
valuation models which yielded results less conclusive than those presented in Chapter

5.
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CHAPTER 2 BACKGROUND

The valuation of intangible assets is increasingly important for technology-
based companies. whose main assets may lie in intangibles such as patents. expertise,
know-how. its ability to innovate, or its organizational structure and culture
(Brynjolfsson, 1994). Even in such traditional industries as manufacturing, the
adoption of Flexible Manufacturing Systems is shifting management emphasis from

manufacturing to the creation and management of intellectual assets (Jaikumar. 1986).

Carrying this argument to an extreme, Drucker (1992) argues that knowledge
is the primary resource, not only for the organization but for the economy overall.
The function of the organization is to acquire specialized knowledge and apply it to
the optimal use of the traditional economic resources - land, labor, and capital. This
necessarily creates a tension between the individuals who possess specialized
knowledge, but lack the organizational structure to apply it, and organizations, which
seek to appropriate the knowledge and any ensuing economic benefits. The means of
production - the specialized knowledge - and the tools of production - the organization
- are now separated. The division of benefits is determined by a negotiation between
the employees and the owners, as one seeks to retain, the other to appropriate the

knowledge assets.

Therefore, in determining the worth of intellectual assets, it is first necessary
to ascertain ownership. In this chapter, a brief review of property rights is presented
to place these issues in an economic perspective. Next, results of recent research into
the value of intangible assets are reviewed. This literature survey will serve to
illustrate relevant methodologies as well as to compare results from different

investigations.
Economic Theories of the Firm

From a financial perspective, the valuation of an entity depends only on the

earnings it produces and the risk which it incurs. This is true independent of the
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nature of the item to be valued. whether it is an organization, such as an entire firm
or division, or simply a project. From an economic perspective, these issues are
certainly important; however, other questions also arise when considering the
economic value of organizations. These are concerned with the nature. justification
for, and limits of the firm. What constitutes the firm? What provides the firm with
value in excess of that which could be achieved by a simple combination of the
productive assets? If the conclusions of Drucker are accepted, that the organization
exists to transform knowledge into goods and services, and knowledge-based assets

are the primary economic resources. such questions are fundamental.

Hart (1989) reviews the evolution of economic theories of the firm. These
serve as a useful starting point when considering the valuation of intangible assets and

the appropriability of the benefits they produce.

In the simplest, neoclassical theory, the firm is viewed as a set of available
production plans. Managers optimally choose among these alternatives to maximize
profit (or its discounted present value), given a competitive strategy and the
competitive environment. The environment consists of the existing market and
industry structure, and other exogenous factors. i.e. government. This is a
mathematical theory in that it does not consider how the optimization goal is
achieved. Issues such as agency problems, conflicts of interest, or firm boundaries
(i.e the limits of firm ownership or influence) are ignored. The theory is simplistic in
that the ability to operate a production function depends on skills and people, as well
as tangible property. It nonetheless provides insight, for example in understanding

oligopolistic industry structure, changes in government policies, etc.

Some of these issues and conflicts are addressed by principal-agent theory.
This is a managerial theory which recognizes that the firm is run by hired agents of
the owners. The owners do not run the firm directly, and thus lack the detailed
information about the firm that the managers possess. To compensate for this lack of

information the owners seek to align the managers’ incentives so that they will act in
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the owners’ interests and maximize profit. This theory starts to explain conflicts of
interest and why non-optimal production plans are chosen. However. it does not
adequately explain the extent of the firm. for incentives can be between independent
contractors as well as between managers and owners. It also does not describe the

ability of the firm to capture and develop scarce or unique resources.

Transaction cost theory attempts to more finely delineate the formal extent of
the firm by hypothesizing that the firm reduces the repetitive contracting costs
involved in arranging for the factors of production by setting up long-term contracts
and lines of authority to control production, rather than individually arranging every
transaction for goods and services in the open market. Disadvantages of these fixed
contractual agreements are a lack of flexibility, and a greater risk of error. Firm
boundaries are thus at the point where the marginal costs of these drawbacks equal the

marginal savings from having these transactions incorporated.

Transaction theory is further extended in contract theory, which posits that the
firm is simply a nexus of different contracts. The organization of the firm represents
somewhat arbitrary boundary in a continuum of contracted arrangements covering
every aspect of market transactions. However, this theory is ineffective in explaining
why one particular organizational form should be chosen over another. For example,

it can not explain firm size, nor why breakups or mergers occur.

More recently, property rights theory asserts that the ownership of an asset
provides a control premium in excess of the asset value. When contracts governing
the use of assets are incomplete, the asset owners possess residual rights to use those
assets outside of contractually agreed upon uses. These are intangible assets that

confer value to the owner.
According to property rights theory, both the owners and the employees of a

firm have the incentive to make investments in the firm, even if for the employee

those investments are firm-specific and not readily appropriable by the employee. For
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the firm’s owners, ownership increases ihe incentive to invest since the threat of
expropriation is reduced. For employees, investments which improve the value of
assets to the firm’s owners can increase the employee’s bargaining power; conversely,
failure to do so can cause the employer to deprive the employee of the use of the
firm’s assets. The value of the firm’s employment is presumably greater when the
company provides significant resources to its employees. For example, the resources
and (professional) benefits of working for a large, successful company would be more
valuable to an employee than the benefits of employment at a smalier company, where
the employee himself provides all the value (i.e. the employee contributes more than

the firm does in the value-producing relationship).

One implication of this theory is that the value of intangible assets is tied to
the ownership of tangible assets. Otherwise, this intangible capital is mobile and free
to leave the firm. Thus, for firms whose value is disproportionately dependent on
intangible assets, i.e. for firms whose market value greatly exceeds tangible asset
value, one would expect that additional intangible investments may be difficult to
appropriate since they may not necessarily be linked to the tangible assets.

(However, this may be difficult to prove, since the high market valuation could be an
indication that the market believes exactly the opposite.) In fact, the results to be
presented in Chapter 5 support this observation. For firms whose market value
greatly exceeds their tangible asset value, investments in R&D are worth less than the
value of R&D to the aggregated data set and less than the value of R&D to larger
firms. This supports the complementary relation between intangible and tangible
assets. In addition, R&D investments generate higher unexpected returns for highly
intangible asset-dependent firms, suggesting that the market’s initial expectation of the
value of such investments in intangible capital are lower for these firms (otherwise,

return would equal the expected return).
Review of Research Resuits on the Valuation of Intangible Assets

The literature on the valuation of intangible, and in particuiar, intellectual

property assets is extensive. The summary to be presented here makes no attempt to
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trace this body of research, but instead focuses on methodologies and results relevant
to this investigation. In general, methods to value property, tangible as well as
intangible, from market data utilize one of two approaches: asset-based approaches
and earnings-based approaches. Asset-based methods generally use Tobin’s q - the
ratio of market value to replacement cost - to determine the value of intangible assets.
while earnings-based approaches use a profitability measure such as return on assets

(ROA) to identify sources of exceptional value.

1. Asset-based valuation approaches

Tobin’s q, the ratio of market value to tangible (replacement) asset cost, arises
naturally when considering intangible assets. Since market value is the sum of the
economic value of the firm’s tangible and intangible assets, the deviation of Tobin’s g
from 1.0 is a measure of the firm’s value that is associated with intangible assets.
When Tobin’s q is greater than one, the value of the firm exceeds its open market
replacement value by the exceptional, unique investment opportunities it offers its
owners (such as market power) or by the value of the unique resources possessed by
the owners (skills, entry barriers, etc.). Similarly, the value will be less than the
replacement value of the assets when investment opportunities are poor, such as entry
into a regulated utility or monopoly-controlled market. A basic assumption is that an
efficient capital market will appropriately capitalize the firm. Since market vaiues
embody long-run expectations, this assumption should be valid and the measure of q
should be relatively free of short-term and disequilibrium effects. In justifying the
use of Tobin’s q, Lindenberg and Ross (1981) observe that financial data provide a
market valuation, while accounting data describe the resources used by the firm. This
difference is thus a measure of firm performance: the relation of the firm’s output to

its input.

General studies
Numerous investigations have focused on the analysis of Tobin’s q to identify
and value intangible factors affecting a business. Some of these different factors and

interrelationships are market factors (monopoly power), industry factors
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(concentration), firm factors (diversification, organization, and unionization), and

intellectual property rights (patents, R&D, advertising, etc.).

One of first careful methodological investigations to relate industry-wide
organizational factors to excess market valuation was that of Lindenberg and Ross
(1981). This study illustrates the rather complex methodology that is necessary to
faithfully calculate Tobin’s q. In general, the idiosyncracies of accounting
conventions made economic interpretations of asset costs and investments difficult.
First, market value was determined as follows: the value of common stock was taken
at the year-end price; the value of preferred issues was caiculated by valuing
preferred dividends at the S&P preferred stock index; and each issue of a firm’s debt
was valued by its maturity, bond rating, and coupon. Replacement costs for certain
assets (PP&E, inventory, and cost of good sold) are required by the SEC and reported
in the 10-K. This allowed replacement costs for these items to be found. Inventory
corrections were required depending on the inventory method (LIFO vs FIFO, for
example), and past purchases were corrected by the relevant price indices over the
period of study to account for inflation. For other assets (cash, marketable securities,

or land), actual replacement values were unavailable and book values were used.

The hypothesis of Lindenberg and Ross was that increasing industry
concentration would be associated with monopolistic behavior and excess profits, and
hence would be correlated with excess market value. Instead, the results showed that
the correlation of industry concentration with high Tobin’s q was not significant, but
that monopoly profits were related to the Lerner ratio (the excess of price over
marginal costs, approximated by operating margin). Thus market factors, as opposed

to industry factors, determined excess value.

Salinger (1984) looked at monopoly power and union interactions, using
regression models based both on Tobin’s q and a profitability measure (ROA). This
study also found industry concentration not to be a statistically significant descriptor

of excess value or excess profitability, while sales growth, a market factor, was an
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important explanatory variable. In addition, Salinger found the union effect to be
large and statistically significant, with unions appropriating up to 70% of monopoly
rents, leading to the conclusion that the primary beneficiaries of monopoly power are

unionized workers.

Similar to Lindenberg and Ross, Smirlock et al. (1984), also used a regression
model based on Tobin’s q to identify the proportion of the capitalized value of the
firm attributable to monopoly and firm specific factors. They also found that market
share and market share growth were significant sources of intangible value to the
firm, and that other factors such as entry barriers and concentration were not
significant explanatory factors. One explanation suggested by the authors is that rents
may be dissipated in forming entry barriers. Another plausible explaration, given the
significance of market factors as a source of excess value, is that firm- and industry-
specific factors such as concentration and entry barriers have no intrinsic value, but
are important only when used to create market advantage. Another may simply be a
measurement problem: market share is itself a significant entry barrier, so that the

observation of the value of entry barriers may be difficult.

Montgomery and Wernerfelt (1988) analyzed a 1976 industry cross-section of
firms to study the effect of diversification on firm value. They found that the relation
between market value and diversification is negative, and once again, that market
share is a significant and positive explanatory factor. Other significant explanatory
variables are advertising and R&D. Although industry concentration is statistically

significant, its coefficient is near zero.

Valuation of knowledge-based intangible assets

Several studies have specifically applied these valuation models to determine
the value to the firm of investments in firm-specific intangible assets such as know-
how, expertise, brand-name value, and reputation. In these models, variables which
approximate the yearly expenditures on these assets are obtained from available

accounting data - for example, investment in a knowledge asset is approximated by
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R&D expenditures or patents received, and investments in brand name are

approximated by advertising expenditures.

In calculating the value to the firm of these intangible assets, two approaches
are generally taken. In each, market value is calculated as the sum of the firm'’s
tangible assets, plus some multiple of a variable representing the intangible asset.

This multiplier represents the appropriability or long-term value to the firm of the
intangible asset. In the first approach, the increase in market value due to an
investment in the intangible asset is taken to be proportional to the relevant current
year’s expenditures - R&D or advertising for example. This is referred to as the
"flows" approach. This approach does not accouni for depreciation of the intangible
asset except indirectly (via a lower net appreciation rate for current expenditures as an
unknown fraction of the current year’s spending goes to replenish the depleted asset).
In an alternate approach, the "stocks" approach, a generalized knowledge or brand-
name asset is constructed by summing past years’ expenditures. This asset is then
assumed to depreciate at a known rate. For example, Salinger (1984) depreciate
R&D at a 10% yearly rate and advertising at 30%. Either approach has been shown
to give consistent and similar results. For example, Montgomery and Wernerfelt
(1988) found the valuation of R&D and advertising using the flows approach to be the
" same as those of Salinger (1984) who used the stocks approach; while Hall (1993)
applied both approaches to the same data set and found the market value of R&D to

be the same for both approaches.

Application of a valuation method based on Tobin’s g to determine the worth
of such knowledge and reputation intangible assets include Griliches (1981), Salinger
(1984), Montgomery and Wernerfelt (1988), Hall (1993), and Megna and Klock
(1993). Table 2.1 briefly compares the major results found in those studies. The

valuation model is generally represented as follows:
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MV = T4 + 3 B4, (M

where MV is market value, TA is tangible assets, and each intangible asset A,

contributes to firm value according to the coefficient B;.

As seen from the Table, the general conclusion from these studies is that R&D
contributes more to firm value than advertising. However, these studies are
economy-wide (except for that of Megna and Klock, which focuses on the
semiconductor industry, but which only considers 11 firms). Otherwise, none of
these studies focused on a particular industry, nor was there any attempt to value
intangible assets as a function of firm characteristics. Such industry-specific
differences are likely to be significant, for it is obvious that R&D and advertising play
different roles in different industries. For example, the value of R&D in
semiconductor industry as calculated by Megna and Klock is certainly quite different
than that calculated by Hall or Montgomery and Wernerfelt for the economy as a
whole. Similarly, the economic arguments presented earlier suggest that even in the
same industry, an investment in an intangible asset will have a different value

depending on the characteristics of the firm making the investment.

Variations in the worth of the intangible assets over time are also likely to be
significant. In the economy-wide study of Hall (1993), the market value of
investments in R&D was calculated on a yearly basis. Over the period 1981 - 1986,
the value of R&D plummeted by approximately a factor of three, while the relative
value of advertising increased. Hall argues that these observations are difficult to
explain by a reduction in the market valuation for R&D, whether due to a lower rate
of return to R&D or market short-sightedness. An alternative hypothesis is that this
apparent market-wide decline represents the market’s focus on finding excess returns
from merger and acquisition activities during this period. Much of this activity was
concentrated in heavily advertising-dependent industries, and Hall suggests that

speculation led to an increase in market value in these industries relative to more
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research-intensive industries. Clearly, in order to explore these questions more fully

a time- and industry-dependent model would be required.

2. Earnings-based valuation approaches

Pratt (1989) argues that if intangible assets have true economic value, this
value will be reflected in earnings. Thus, in valuing a firm, greater reliance should
be placed on earnings versus asset valuation approaches. In the literature, various
earnings-based valuation approaches have been described, each of which use some
profitability measure to describe return. However, these approaches are often
criticized as being overly susceptible to tax law distortions, accounting conventions,

short-term effects, and in addition, these approaches neglect risk.

Methodological difficulties also arise due to questions as to the treatment of
intangibles in earnings and asset measures. Pratt recommends eliminating intangible
items from balance sheets and amortization charges from income statements. For
example, Grabowski and Mueller (1978) correct net income for R&D expenditures,
observing that if R&D is not capitalized, this amounts to effectively a 100%
depreciation rate. Methodological difficulties may also make results harder to
discern. Salinger (1984) carried out simultaneous earnings (ROA) and asset (Tobin’s
q) valuation approaches on the same data sample and found that while the significant
explanatory variables and the conclusions were the same for both models, the

earnings-based method had lower R? and significance levels.

An improvement to the earnings approach has been suggested by Healy and
colleagues (1992), who propose "cash flow rate of return" as a more appropriate
profitability measure. This measure corrects for accounting and tax distortions by
using pre-tax cash flow instead of accounting net income as the income measure, and
corrects for risk by using market vs book assets. Healy applies this measure to assess
firm performance following mergers, but the use of cash flow rate of return as
opposed to accounting ROA to determine the value of intangible property has not

been reported in the economic literature.
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Typical results are presented by Salinger (1984) and Grabowski and Mueller
(1978), who describe regression models for ROA using a large sample of public
firms. Each mcdel relates return on assets (ROA) to a number of explanatory
variables including R&D and advertising stocks, industry concentration, sales growth,
market share, and firm size. The explanatory variables that were found to be
significant in describing ROA were the same as those variables which were significant
in asset valuation models based on Tobin’s q: industry concentration was not

significant, but market share and share growth were found to be significant variables.

The results of Grabowski and Mueller were particularly significant concerning
the influence of R&D expenditures on firm profitability. Two distinct types of firms
were distinguished based on the amount of R&D spending as a fraction of total assets.
Firms labeled as progressive invested a large fraction of total assets in R&D stocks,
in contrast to non-progressive firms. Progressive firms received a larger return on
R&D spending than non-progressive firms, but overall firm profitability had a
negative correlation with concentration. The hypothesis proposed is that concentration
in research-intensive industries leads to excessive rivalry and marginally productive
R&D. On the other hand, non-progressive firms received lower returns on R&D,
even below those than on other capital investments. For these firms, concentration
was positively correlated with profitability. This suggests that market power is key to

profitability in these industries.

These results suggest that in knowledge-intensive industries (characterized by
large amounts of R&D spending), R&D is a source of exceptional profitability, and sc
leads to value. However, as firms grow and the industry becomes more concentrated,
firms engage in fiercely competitive, destructive R&D, believing that it is possible to
so dominate the industry and capture the entire market. This is in contrast to the non-
progressive firms, generally in tangible asset-dependent industries, where firms are
aware of the intrinsic value of the assets (real estate, minerals, etc.), and R&D may

not be of much value in giving any firm an advantage. Rather, each firm’s earnings
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are tied to their fraction of ownership of the entire tangible asset base, and so

concentration leads to monopolistic coexistence.

Conclusions

The transaction cost and property rights theories of the firm provide important
insights for this research. Transaction cost theory provides a mechanism to explain
how the value of the contract, and hence the imputed value to the firm of the relation-
specific investment, can vary with firm characteristics such as size and stability. For
example, a large, stable firm can be expected to enter into relatively low risk, certain
contracts. Therefore, an investment decision by the firm which requires employees to
make specialized investments (time, learning, skills, etc.) can be expected to yield
maximal returns, as the employees commit the results of their specialized knowledge
to the company in return for the security of the contract. By contrast, smaller or
more speculative firms cannot make as credible contracts. In this case, the decision
to invest in employee-specific resources will not yield such large returns, as the
employees retain for themselves certain of the benefits of their specific investment.
From a property rights point of view, the conclusions are similar although the
reasoning is different. The advantages of working for larger firms can provide
greater incentives to employees as compared to smaller firms, and so the incentive to
transfer rights to the firm can be greater. Thus, one would expect to observe lower
appropriable returns to R&D in smaller, speculative firms as compared with larger
firms. This does not imply that R&D would be less important to smaller firms than
larger - indeed, the contrary is probably true - but that the risk of the R&D

investment is that much greater in the smailer firm.

The general studies of industrial organization and firm value, whether based on
asset or earnings models, indicate that industry-specific factors (industry
concentration, entry barriers) are not significant sources of excess firm value.

Rather, firm-specific factors (advertising and R&D) and market factors (share, share
growth, and sales growth) are the critical determinants of value. Asset-based

approaches to value intangible assets suggest that the value of R&D may be industry-
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dependent; however, the valuation of intangible assets as a function of firm
characteristics and within particular industries does not appear to have been

investigated in the literature.
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CHAPTER 3 RESEARCH PLAN:
INDUSTRY, METHODOLOGY, AND DATA SOTRCES

The objective of this study is to relate the value of a firm’s intangible assets,
and hence their appropriability by the firm, to firm characteristics such as firm size,
Tobin’s g, or firm market value. The methods that will be used employ publicly
available financial data, and, for purposes of illustration, will be applied to the study
of intangible capital in a particular industry. In this chapter we provide the rationale
for the industry chosen, briefly outline the methodologies that will be investigated,

and describe the data and data sources used.

Industry Selection and Rationale

The goal of the valuation method is to identify and assign value to different
types of intangible capital, and relate value to firm characteristics. One particular
industry will be chosen to eliminate the confounding influences of differential
response to economy-wide factors across industries, differences in valuations and
types of capital among industries, and differences in market characteristics. The
industry should possess a wide range of firms, from those heavily tangible asset-based
to those dependant on intangible assets (i.e. knowledge, brand name, etc.). Across
asset classes, firms should not compete, but rather should be complementary.
Complementary firms in the same market will participate equally with market risk;
similarly, complementary firms in the same industry will participate equally in
industry growth and technology risk. The results that will be obtained will therefore
be relative to the particular industry chosen. These results should be free of external
influences which may tend to enhance or devalue the absolute worth of company
investments for a particular industry, and so obscure differences in value between
tangible and intangible capital. In particular, an industry-specific valuation will allow
differences in intangible asset valuations related to firm size to be more easily
identified. Such intangible assets are the value of a firm’s R&D or marketing
abilities, the skills of its personnel, the number of patents, etc., and their worth to the

company clearly depends on the ability of the company to appropriate the asset.
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The industry chosen is the computer and computer electronics industry. This
industry was chosen for several reasons. Companies in this industry span a broad
range, from those heavily dependent on intangible assets (knowledge. reputation,
market power, i.e. software) to those dependent on tangible assets (i.e. components,
printed circuit boards). Each particular class of firms (tangible vs intangible asset-
based) do not compete, but rather are complementary. There are a large number of
companies, may of them public, and so financial, accounting, and market data are
readily available. In particular, figures that approximate spending on intangible assets
are measurable and available from financial reporting records (e.g. R&D,

advertising).

Other industries could equally well have been chosen to investigate the
valuation of intangible capital. In fact, an examination of industry differences should
provide insight into characteristics which govern the valuation of intangible capital.
For example, companies in the medical industry include a wide range of tangible
asset-dependent and intangible asset-dependent firms such as medical device
manufacturers, bioengineering firms, medical information services, and research
institutes. Similarly, drug and pharmaceutical firms span the range of companies
from those selling standard, commodity-like items such as over-the-counter
medications to research-internisive pharmaceutical firms and highly speculative

biotechnology companies.

Valuation Methodologies

Several different valuation methodologies were developed and applied to the
industry data. In each, the fundamental concept is that the market value of a firm is
equal to the value of its tangible assets plus the value of intangible assets. These
include market-specific factors (monopoly power) and firm-specific factors (scarce or

unique resources which it possesses).
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1. Valuation based on Tobin’s q

Tobin’s g, the ratio of market value to the replacement value of the firm’s
assets. has been proposed to measure the capitalized value of the firm attributable
various tangible and intangible factors. Using the methodology of Wernerfelt and

Montgomery (1988), a regression model for Tobin’s g will be evaluated:

My, T4 (1

where MV is firm market value, RV is the replacement value of the firm’s assets, and
ITA represent intangible assets, which, in the models investigated, are approximated
by annual values of expenditures, earnings, and growth. Multiple regression analysis
is used to quantify the value of these intangible assets purchased by research

expenditures, by advertising, and from investor expectations.

2. Employee-specific valuation

The market value of the firm, normalized by firm size as measured by the
number of employees, should specifically value the contribution made by each
employee to the value of the firm, and thus should clearly illustrate the firm’s ability
to appropriate value. Thus, this second valuation approach investigates a relationship

of the form:

MV tangible asset value _ intangible asset value Q)

employee employee employee

This employee-specific market valuation analysis is applied to the data sample to
determine the contributions of revenue, revenue growth, R&D, and advertising, on a

per-employee basis, to the value of the firm.

3. Market valuation of the firm and unanticipated returns

The market value of the firm represents a consensus estimate of firm prospects
that includes industry, market, and firm expectations, expectations as to
appropriability of value, and estimated risk. With historical data, a retrospective

study can verify whether or not these estimates were accurate by comparing actual to
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expected performance. A comparison of the risk-adjusted, discounted value of the
firm at two points in time represents the degree to which the firm exceeded or
disappointed expectations. This model attempts to relate these "unanticipated returns”
to investments by the firm in intangible assets, and to other measures of worth which

include earnings and growth. This model is of the form:

NPV,
My

t

= 1 + unanticipated returns on investments = 1 + ffirm expenditures) (3)

In this model, MV, is the current market value. It represents the discounted, risk-
adjusted estimate of firm value based on current estimates of expected future cash
flows. NPV, is the net present value of the firm. It represents the discounted, risk-
adjusted estimate of firm value based on cash flows actually received. Using T
periods of actual financial data, NPV, is calculated from the cash flows received over
the time period (t...t+T), plus the market’s estimate for firm value at the end of that

time period, MV, 1, each discounied for risk at the rate r:

NPV, = PV(cash flow, ,.; @ r%) + :WV"TT 4)
+r
Thus, today’s market value, MV, represents today’s expectations; NPV represents the
discounted value of cash flows received up to tomorrow plus tomorrow’s
expectations, and the difference between the two represents changes in expectations
due to changes in the ability of the investors to appropriate the firm’s value, in

earnings prospects, in risk, etc.

The NPV of the firm is calculated each year from the actual performance of
the firm as reported in financial statements. A one-year discounting period is used
(T=1 in eq. 4). This valuation model is effectively an analysis of market mispricing
of the firm, and multiple regression analysis is used to relate the extent of mispricing

with expenditures on intangible assets (R&D and advertising).
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4. Market valuation of firm equity and unanticipated returns

This model simplifies the previous market valuation model by observing that
since much of the risk inherent in the development of intangible assets is berne by the
equity investors (vs the holders of debt), an analysis of market mispricing compared
to discounted cash flow for firm equity alone should provide a more sensitive measure

of the value of investments in intangible assets.

Each of the above valuation models are applied to subsets of the data sample.
stratified according to firm size (total assets and number of employees), high-q and
low-q firms, highly capitalized firms (high market value per employee), and tangible

asset-dependent firms (identified by total assets per employee).

Additional valuation models
Other valuation models were developed and applied to the data set without

notable success. Results from these models are summarized briefly in Appendix 2.

Data Sources

The companies used in this analysis were chosen according to the 4-digit SIC
codes relevant to the computer and computer electronics industry. A total of 195
firms were used in this study. The different SIC codes, descriptions, and
representative firms in each code are presented in Appendix 1. Data consisted of
publicly available accounting and market financial data which was retrieved from the
COMPUSTAT data service. These data items are also listed in Appendix 1. Data
from the years 1981-1989 was used for this analysis. These years were chosen
because, aside from the 1981 recession and indications of the 1990-1991 downturn, it
was a period of overall economic stability and growth. These years were also a
period of explosive growth and investment in the computer and computer electronics
industry. Thus, this period should be ideally suited for the observation of investments
in tangible and intangible capital in this industry, and should be relatively free of

perturbing economy-wide shocks.
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CHAPTER 4 INDUSTRY DESCRIPTIVE STATISTICS

This chapter presents descriptive data and graphs for the computer and
computer electronics industry as derived from the COMPUSTAT data sample. In the
discussion which follows, attention is focused on R&D as an approximation to the

firm’s investment in intangible, knowledge-based assets.

Sample size

There were a total of 195 firms in the COMPUSTAT sample. Firm size, as
measured by total assets, ranged from $1.5M to $2.5B. Size as measured by number
of employees ranged from 15 to over 34,000 employees. Approximately 33% of
firms had less than 300 employees and/or less than $50M in total assets. while the
upper third of the sample included firms with over 1000 employees and $100M in

assets.

However, in a given year only a subset of firms reported sufficiently complete
data for inclusion into the regression analyses. When those firms that did not report
adequate asset, R&D, advertising, or income measures were eliminated from the data
sample, a total of approximately 700 observations of the original 1755 remained.
(Apparently, once a firm enters the COMPUSTAT database, a listing is created for
that firm for every year of the database, whether or not information is available or
whether the company even existed. For example, there are listings for Compaq for
the entire 1981-1989 period, yet all variables are reported as "not available" until its

first year of public operations in 1983.)

Relation of R&D to firm value and intangible capital

Figure 1 presents a histogram of the ratio of firm market value (MV) to net
total assets (TA) for the year 1986. This ratio represents the extent to which firm
value depends on intangible assets, and is used in later analyses as an approximation
to Tobin’s q. Most firms cluster about 1.0, but there are a large number of firms

(approximately one-quarter of the sample) whose value is heavily dependent on
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Sampile Distribution: MV/TA in 1986
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Figure 1 Sample distribution of the ratio of firm market value to net total assets
(MV/TA) in 1986 in the computer and computer electronics industry.
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Figure 2 Relationship of MV/TA to per-employee R&D expenditures in the
computer and computer electronics industry in 1986. The regression
line, with t-statistics, is also shown.
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Figure 4 MV/TA as a function of operating cash flow spent on R&D in 1986 in

the computer and computer electronics industry. R&D investments
lead to increases in market valuation over and above tangible asset
value only up to a certain point.
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intangible assets, and whose value of MV/TA exceeds 2.0. As shown by Figure 2,
there is some indication that high per employee R&D expenditures lead to a greater
proportion of firm value being attributed to intangible assets: however, Figures 3 and
4 show that beyond a certain amount. further increases in R&D expenditures add no
value. Figure 3 plots MV/TA as a function of the fraction of firm value spent as
R&D each year, while Figure 4 plots MV/TA as a function of the fraction of
operating cash flow (OIBD) allocated to R&D. R&D investments lead to increases in
market valuation over and above tangible asset value only up to a certain point.
MV/TA increases with the fraction of operating income allocated to R&D until R&D
is 40-50% of operating income before depreciation (OIBD). Beyond this level of

R&D spending, market valuation is strictly dependent on tangible assets.

One explanation fer this behavior is that the market has little belief in the
value of this R&D, perhaps interpreting such high levels of R&D spending as an
indication that the firm has lost its competitive position and is desperately searching
for new sources of advantage. Another possibility is that R&D expenditures in this
industry do not add to a capital stock, but are depreciated rapidly. For example, this
may be the case in the software industry, where product development is very rapid
and significant development funding is required simply to maintain parity. Both these
factors act to reduce the long-term benefits of R&D investments. A third possibility.
less plausible in this industry, is that R&D in heavily tangible asset-dependent firms,
rather than a source of value, is a sign of irresponsibility on the part of management.
These arguments are developed more fully in part 1 of Chapter 5, where the sources

of intangible capital are examined more closely.
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Sampile distribution: R&D/employee in 1986
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Figure § Distribution of per-employee R&D expenditures in 1986 in the
computer and computer electronics industry.
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Figure 6 Market value per employee as a function of per-employee expenditures

in 1986 in the computer and computer electronics industry. The
regression line, with t-statistics, is also shown. Higher R&D spending
per employee seems associated with a higher market capitalization per

employee.
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Figure 5 presents a histogram for R&D expenditures per employee, again for
the year 1986. This graph shows a smoothly falling distribution, with approximately
50% of the firms spending less than $12,000 per employee cn R&D. The
expenditures of R&D per employee do not seem to be strongly associated with firm
size, whether measured by total book assets, number of employees. or market value.
However, as shown by Figure 6, higher R&D spending per employee does seem to be
associated with a higher market capitalization per employee. These observations are
examined more closely in part 2 of Chapter 5, where we explicitly study the role of

per employee expenditures and earnings in determining market valuation.

Figures 7 and 8 present interesting observations for this industry. Figure 7
suggests that R&D per employee is positively associated with gross margin, implying
that high per employee R&D expenditures lead to market power. However, this
observation is biased by the software firms in the sample, for which development
costs are large while variable costs are negligible. Figure 8 shows that high levels of
R&D spending are inversely related to the firm’s debt ratio. This is consistent with
modern theories of finance, which argue that firms seek to reduce financial leverage,
and hence the risks and costs of financial distress, when they are otherwise heavily
leveraged. Thus, firms that employ high operating leverage (i.e. high fixed costs)
avoid large amounts of debt; similarly, in this industry, firms that are highly
leveraged on innovative and speculative technologies, leading to large amounts of

technology and market risk, also avoid high debt levels.
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Figure 7 Gross margin as a function of per-employee expenditures in 1986 in the

computer and computer electronics industry. The regression line, with
t-statistics, is also shown.
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Figure 8 Debt-to-equity ratio as a function of per-employee expenditures in 1986

in the computer and computer electronics industry. Firms that are
highly leveraged on innovative and speculative technologies (via R&D)
seem to avoid high debt levels.
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Figure 9 Cash flow rate of return as a function of the fraction of firm value

spent on R&D over 1981-1989 in the computer and computer
electronics industry. Return increases with R&D up to approximately
10-15% of firm value, after which a saturation effect appears evident.

Cash flow rate of return

Healy et al. (1992) suggest that an effective measure of firm performance is its
pretax operating cash flow return on the market value of its assets. Figure 9 presents
a gross measure of cash flow rate of return (prior to R&D) as a function of R&D
investment, also expressed as a fraction of the firm’s market value. Again, a
saturation effect seems to be evident: cash flow rate of return increases with R&D
until R&D reaches 10-15% of the firm’s market value (equivalently, 40-50% of

OIBD), after which, increasing amounts of R&D have no effect.
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Market returns

Market return to equity in this industry was calculated on a yearly basis over
the period 1981-1988. Large amounts of R&D. whether measured on a per employee
basis, as a fraction of firm market value, or as a fraction of firm earnings, tend to
reduce the variation in, and the amount of, equity return (for example. Figure 10
presents market return as a function of R&D per employee). Thus, large amounts of
R&D are not associated with significant returns to the firm’s owners - these
investments do not always provide them with appropriable value. However, this does
not indicate that intangible assets provide no value to the firm. On the contrary,
Figure 11 suggests if intangible assets can be appropriated by the firm. they will
provide superior market returns, as would be expected by their greater risk. There is
a positive association between market return and the MV/TA ratio (although such
association may only be spurious since both market return and MV/TA are correlated
with market value). While this subject is not pursued further here, valid questions are
whether a relation between returns and intangible assets actually exists, and whether
risk-adjusted rerurns increase with MV/TA, i.e. Do intangible assets provide excess

returns in comparison tc tangible assets?

Unanticipated returns (market mispricing)

In parts 3 and 4 of Chapter 5 we develop a valuation model for this industry
that seeks to answer the question as to whether certain firm actions can lead to
unexpected returns for the firm’s owners. The model attempts to determine whether
the firm is fairly valued at a point in time, on a risk-adjusted basis, by comparison to
actual, measured, future performance. Market mispricing, the degree to which firm
performance exceeds or disappoints investors, is defined as the net present value of
actual performance to the market value at a given point in time, or mispricing =

NPV / MV,
Large amounts of R&D, whether measured on a per employee basis, as a

fraction of firm market value, or as a fraction of firm earnings, show no clearly

discernible relation to market mispricing (for example, Figure 12 presents mispricing
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Figure 10  Market return on firm value as a function of per-employee R&D
expenditures over 1981-1989 in the computer and computer electronics
industry. There is not a significant relationship, as shown by the
regression fit with t-statistics.

3@ -

200 +
]50 -

100 T -

fitty =13.9% + 3.5 x LI % &
6D 62— b

market return (%)

o

-100 t {
0.1 1 10
MV/TA

Figure 11 Market return on firm value as a function of MV/TA over 1981-1989
in the computer and computer electronics industry. There is a
significant, although perhaps spurious relationship, as shown by the
regression fit with t-statistics.
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Figure 12 Market mispricing of firm value as a function of per-employee R&D
expenditures over 1981-1989 in the computer and computer electronics
industry. There is not a significant relationship, as shown by the
regression fit with t-statistics.
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MV/TA over 1981-1989 in the computer and computer electronics
industry. There is a significant positive relationship, as shown by the
regression fit with t-statistics.
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as a function of R&D per employee). Similarly, mispricing shows no clear
relationship with MV/TA. However, Fig. 2 indicates that R&D can increase the
intangible value of the firm, while Figs. 4 and 9 show that over a certain range, firm
market value and earnings, respectively, are positively related to R&D expenditures.
These suggest that changes in the intangible value of the firm will be associated with
firm mispricing. This mispricing arises since expectations for the future of the firm
change as its composition of tangible and intangible assets change. As discussed
above, mispricing is either due to increased returns on intangible capital, or simply
represents a correction for risk. Figure 13 shows that mispricing does in fact increase

with MV/TA, consistent with the observation for market returns.
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CHAPTER 5 VALUATION ANALYSES

1. Valuation Based on Tobin’s q

A market valuation of the firm’s assets possesses numerous advantages over
accounting measures of value. Market values measure current economic worth, while
accounting measures are historical values distorted by convention, regulation, and
law. In particular, the market value of a firm is equal to the value of its tangible
assets plus the value of intangible assets. Intangible assets include market-specific
factors (e.g. monopoly power) and firm-specific factors (scarce resources which it
possesses). Tobin’s q, the ratio of market value to the replacement value of the
firm’s assets, has been proposed as a measure of the capitalized value of the firm
attributable to monopoly and firm specific factors. The use of q as a measure of the
intangible value of the firm is justified by Lindenberg and Ross (1981), who
emphasize the distinction between financial data, which give a market valuation of the
firm’s earning prospects, and accounting data, which tabulate the resources used by
the firm. Tobin’s q thus represents firm performance: the relation between outputs
and inputs. Furthermore, the use of Tobin’s q has several advantages over accounting
measures of firm performance (Salinger, 1984; Smirlock et al., 1984): q is a firm-
specific measure of return; it incorporates long run expectations; is risk-adjusted
(accounting returns are not corrected for risk and so could present misleading
estimates of the earning ability of the specific assets); and it embodies more

information than accounting data.

Model Development

Viewed as a collection of assets, the value of the firm is the sum of tangible
and intangible assets. Intangible assets are broadly defined as knowledge and brand-
name assets. Knowledge assets consist of the accumulated knowledge of the firm
which allow it to compete and create market advantage based on product
differentiation, technical features, or innovation. Brand-name assets consist of firm
goodwill, reputation, recognition, etc. that the firm has acquired. The firm may also

possess other specific advantages that are not included in physical, knowledge, and
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brand-name asset measures. For example, the firm may have exceptional profitability
due to factors such as market power or manufacturing efficiency; it may have
extraordinary long-run profit and growth prospects; or its sales and marketing efforts
may be a source of competitive advantage. Firm market value (MV) is the sum of

these asset values,

MV =V + Vg + Vs Vp+ ¥ (h

where V4, Vg, and V, represent respectively the capitalized value of tangible assets,

knowledge (i.e. research and development) assets, and brand-name assets.

In order to account for intangible factors not captured by the knowledge and
brand name assets, two other intangible assets are included. Vp represents a
generalized profitability asset that provides the firm value through market power,
manufacturing efficiency, etc. Similarly, Vg represents a generalized intangible asset
representing exceptional long-term prospects via factors such as superior growth
prospects or sales and marketing expertise. The profitability asset Vp will be proxied
by f(OCF), where the function f{OCF) represents the value of extraordinary firm-
specific profitability and long-run prospects and OCF is some appropriately defined

measure of cash flow to the firm. Similarly, Vg will be approximated by g( S ),

where the function g( S ) is an intangible asset representing the value of the firm’s

sales and marketing efforts as well as prospects for long-term growth and S is

some measure of sales performance, such as sales growth. While each of the
intangible assets should contribute independently to firm value, the manner in which
the latter two are defined in terms of available accounting variables (i.e. relating
market power to cash flow, and marketing efficiency to sales growth) may introduce
problems with double counting and multi-collinearity. For example, tangible assets
(V1) generate cash flows which lead to market value. However, the regression

coefficients and significance levels did not change appreciably when these variables
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were eliminated (Tables 5.1 to 5.12), implying that this is not a significant problem.
In addition, other investigators have used similar formulations (Grabowski and
Mueller, 1978; Salinger, 1984; Hall, 1993) without apparent methodological
difficulties. This formulation for firm value is attractive, for it offers two alternative,
perhaps orthogonal mechanisms to explain how the firm creates value: either via
investments in knowledge and brand name asset stocks, which will produce a future

stream of profits; or via immediate and near-term earnings and earnings growth.

Making the substitutions outlined above and dividing through in eq. 1 by TA,

Tobin’s q is expressed as

Ve . Ya | flOCH) | g(S) @)
Vv

VTA VTA VTA VTA T4

Alternatively, the functional formulation for firm value may include scale

effects, such that firm value is given by
MV = a(Vp + VR +V, + fOCF) + g(S) )B 3

where « is a multiplicative factor and 8 is the scale factor. Taking logarithms of both

sides and using the approximation log(1+x) = x for small x, firm value is

vV V ;
log(MV) = log(a) + Blog(V”) + B R, B 4, Bf(OCF) + B g(S) (4)
V14 Vi Vra Vig

These two formulations will be the basis for a regression model of firm value
that will be applied to the computer industry. These functional forms may be
compared with other such descriptions of firm value described in the literature.
Wernerfelt and Montgomery (1988), in their analysis of a random sample of 167

firms for the year 1976, proposed a regression model for Tobin’s q as follows:
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R A
+ B,

% * B3C + BJ,S + B5D + B(,F + B7G ()
T4 T4

q=Bo+Bl

where the B; are regression coefficients and the following values characterize each

firm:

R&D expenditures

= advertising expenditures
concentration in the firm’s market

= market share

= diversification

= foreign sales

G = market growth

V1= replacement value of physical assets

R
A
C
S
D
F

This formulation may be simplified by making certain assumptions that are
arguably valid for the computer industry. First, the effects of diversification will be
assumed to be small, as the computer industry is relatively young and focused.
Certainly, for the smaller firms that are of interest in this work, diversification should
be negligible. In addition, foreign sales (F) will not be specifically separated. One
can also hypothesize that smaller firms will have negligible market power, and the
principal intangible assets are firm-specific. Therefore, market concentration (C) will
be ignored. Wernerfelt and Montgomery found its coefficient to be near zero, while
Lindenberg and Ross (1981) found it not to be statistically significant as an
explanatory variable. Instead, Smirlock et al. (1984) argued that the significant
variable in explaining market premia is market share, and at a secondary level,
market share growth. Alternatively, Salinger (1984) suggests that sales growth is an

important explanatory variable. Thus, under these assumptions, eq. 5 reduces to

4

TA

q = Bo + B] + Bz + B3G (6)

R
Vra

and, if some additional measure is included to account for market power and

profitability, the functional form is identical to eq. 2.
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Hall (1993) proposes a value function for the firm in a form similar to eq. 3
MV = Q(Vry + a\Vg + aVy + .. )" @)
where, as in eq. 3, Q and ¢ are multiplicative and scale factors, respectively, and the

a V, represent the capitalized values of intangible stocks. These stocks are

i

identified by Hall as knowledge (i.e. R&D) stocks, brand-name value (proxied by
advertising), and, by arguments such as those above, a cash flow and sales growth

measure. Thus, this form is substantially equivalent to eq. 4.

Model Implementation
The linear and logarithmic forms of the firm valuation model, egs. 2 and 4,
are used as a basis for a regression model to be applied to the industry data set. The

regression model for Tobin’s q is

MV R A OCF
q":—:Bo*B[ *Bz——-*’ﬁ3

VTA VTA VTA TA

+ B4S 8)

where the B; are regression coefficients. The regression model for firm value as a

sum of asset stocks is

OCF | B4S ©)

TA

log(MV) = log(at) + Blog(Vry) + By VR

A
+ B, + Bs
T4 Vi

where the B; again represent the regression coefficients for this model. Here, B is the
exponential (scale) factor of eq. 3, and the B; actually represent the product of the
asset coefficient with the scale factor. However, in the following results the scale

factor is always quite close to 1.0, and this distinction is ignored.

The firm’s market value (MV) is taken as the sum of the market value of
common stock plus the book value of outstanding long-term debt. The value of
preferred stock is ignored. Of the firms for which complete accounting data were

available, less than 6% had issued preferred stock, and less than 3% had outstanding
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issues in excess of 10% of firm value (debt plus market equity). Therefore, this

omission is unlikely to be significant.

Replacement cost (V1,) is taken as the listed book value of total assets. These
are defined as total assets less current liabilities and so include working capital,
inventory, property, plant and equipment, as well as investments in goodwill and
unconsolidated subsidiaries. In general, the use of book over replacement values
inflates the measure of q due to low book values from depreciation. Thus, any
distinctions between high-q firms (possessing large amounts of intangible assets) and
low q firms will be blurred since many more firms will be listed as high-q than is
actually the case. This will lead to conservative estimates of the value of intangible

or knowledge capital.

However, for the industries and firms used in this study, the discrepancy
between book and replacement value is ambiguous for several reasons. First, many
of the firms are young. Thus, differences between historical and market costs of
tangible assets are minimized both because substantial depreciation has not
accumulated and because historical costs are at least "recent” historical costs. This is
likely true even for long-established firms, due to the rapidly changing and innovative
nature of the industry which requires firms to continually replace assets to remain
technologically competitive. Following this reasoning, book value may only slightly
underestimate replacement cost. Secondly, historical cost behavior in the
semiconductor, electronic, and computer industries has been to provide equivalent
performance at steadily reduced prices, or equivalently, state-of-the-art performance at
constant prices. Therefore, book values should be reflective of replacement costs,

and for older assets, may even overstate replacement cost.

Knowledge assets (Vg or R) are assumed to be directly related to the current
level of R&D expenditures. This is consistent with related studies such as those by
Wernerfelt and Montgomery (1990) and Hall (1993). While some studies have

constructed this asset from weighted averages of past and present R&D spending,
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patent stocks, industry R&D, etc. using assumed depreciation rates (Grabowski and
Mueller, 1978; Salinger, 1984), this level of sophistication will not be adopted here.
In fact, Hall (1993) examined the valuation of R&D using both the current R&D
expense and an R&D asset formed by a weighted past average, and found similar

results.

Similar to the R&D measure, brand-name assets (V, or A) are approximated
as being directly related to the current level of advertising expense. Again, other
more complex measures can be hypothesized. For example, brand-name assets might
be best approximated using measures of sales, marketing, and service expenses.
However, this financial information is not readily available and, in this initial study,

such a level of sophistication may not be warranted.

The variable representing cash flow is calculated in two ways. Healy and
colleagues (1992) argue that operating income before depreciation (OIBD) represents
a valid measure of the firm’s operating performance as evidenced by its ability to
generate cash. OIBD is a measure of cash flow to the firm before taxes, capital
investment decisions, and working capital requirements, and thus represents the cash
generated in the past year from actual firm operations. It is independent of any firm-
specific tax advantages or of management decisions that, although they affect the
current year’s cash flow, are not relevant in evaluating the firm’s operational
performance with the resources that were available in the current year. Thus, this
measure is not affected by short-term decisions that affect working capital (through
credit, inventory, short-term financing decisions, etc.), nor is it affected by longer-
term decisions such as capital investments or tax-loss carry-forwards and investment

tax credit incentives.

A second measure of cash flow to the firm is the standard measure of cash
available to the firra’s owners after all operating, investment, and current debt
obligations relevant to the firm’s operations have been satisfied. Free cash flow to

the firm is defined by (Copeland, 1991)
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FCF = NI + depreciation + [ - AWC - APPE + ADT (10)

where FCF is free cash flow available to the firm’s owners, NI is net accounting
income, depreciation also includes amortization, and WC, PPE, and DT represent,
respectively, working capital, property plant and equipment, and deferred taxes. This
measure of free cash flow implicitly includes depreciation and interest tax shields, and
thus would represent the cash flow in an "adjusted present value" valuation of the
firm as defined by Brealey and Myers (1991). Note that each of these cash flow

measures is net of R&D and advertising (consistent with the approach of Hall, 1993).

Sales growth is calculated for any given year as a central difference (i.e. sales
growth in year; is one-half the sum of sales growth over year; ; to year; and sales
growth over year; to year; ). This is adopted in order to partially account for
company-to-company differences in reporting dates, seasonal variations, and to
implicitly include expectations for the coming year that would be known with

reasonable certainty by advance bookings.

Results and Discussion

Four separate regression models were applied to the computer and computer
electronics industry data. Two models examine the value of intangible assets
implicitly, through Tobin’s q, and differ only in the measure of cash flow, OIBD vs
FCF. Two models use the logarithmic representation for firm value to explicitly
value research, brand name, and profitability factors. These also differ only in the

measure of cash flow. These models are as follows:
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Tobin’s q, operating cash flow:

7= 5 = By Brom +B27;+B30;ff ¢ ByS an
Tobin’s q, free cash flow:
Firm value, operating cash fiow:
log(MY) = log(a) + Blog(Vry) + By—— + By + B, 28D L g5 (13)
VTA VTA VTA

Firm value, free cash flow:

FCF ;
T + B,S (14)

TA

log(MV) = log(a) + Blog(Vy,) + B, VR

A
+ Bz + B3
TA VTA

Table 5.1 presents results for the linear regression model using OIBD as the
cash flow measure. Table 5.2 presents the results for free cash flow with the linear
model. Table 5.3 presents results for the logarithmic regression model using OIBD
as the cash flow measure, and Table 5.4 presents the results for free cash flow with
the logarithmic model. Results are stratified according to five criteria:

firm size (total assets): results from the entire data set are compared with
results for large firms (book value of assets > $100M) and with smali
firms (book value of assets < $50M).

firm size (number of employees): results from the entire data set are
compared with results for large firms (> 1000 employees) and with
small firms (< 300 employees).

asset intensive firms (Tobin’s q): results from the entire data set are compared
with results for tangible asset-intensive firms (MV/TA < 1.25) and
with firms whose market value is more dependent on intangible assets
MV/TA > 2.25).

highly capitalized firms (market value per employee): results from the entire

data set are compared with results for firms that are highly capitalized
on a per employee basis (MV/employee > $200,000).

tangible-asset dependent firms (assets per employee): resuits from the entire
data set are compared with results for firms heavily dependent on
tangible assets (total assets per employee > $100K) and with firms
possessing few tangible assets (total assets per employee < $60K).
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These stratification criteria were chosen to investigate the value, and hence the
appropriability, of intangible assets as a function of firm characteristics. Cutoff
points were chosen so that each sample group constituted approximately one third of
the data set. For example, small firms (book value of assets < $50M) comprised
approximately the lower third of the data set when sorted by size. while those firms
classed as larger formed approximately the upper third when the data were sorted by

size.

Complete data set

As seen from Tables 5.1-4, the value and the significance of the regression
coefficients remains fairly constant as the model is enlarged to include more
explanatory variables. Multicollinearity is thus probably not a significant concern.
For either the linear or the logarithmic regressions, slightly greater explanatory power
is provided when operating cash flow vs free cash flow is used as an explanatory
variable. This is uniformly true for every subset of the data that has been analyzed.
In addition, for these regressions on the entire data set, the influence of FCF is not
significant, while OIBD is a very significant explanatory variable. While FCF is
significant for certain subsets of the data (to be presented below), in each case the
significance level of OIBD is greater. Therefore, subsequent discussion will
concentrate on the results given by the operating cash flow model. However,
differences between operating and free cash flow models, when significant, will be

noted.

Residual plots (not presented) suggest that the linear modei may not be
homoskedastic, as residuals increase linearly with MV/TA. However, a residual plot
using the logarithmic model shows that measurement error is homoskedastic for this
model. This may be due to measurement error as the effect of outliers is reduced in
the logarithmic model. Another explanation is that there are in fact scale effects
which are not included in the linear model. Yet another possibility is that low

MV/TA firms are significantly different from high MV/TA firms, both in the value
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derived from the particular intangible assets studied here (R&D, advertising), as well

as others not included. This possibility is discussed further below.

Each of the four regression models results show that all of the variables chosen
{with the exception of FCF) are very important in describing the data. In particular,
sales growth is a critical explanatory variable. This is logical, for market valuations
of a firm are based on market forecasts and depend critically on expectations for sales
growth. The fact that the regression intercept (ideally 1.0 in the linear model and 0.0
in the logarithmic model) continues to decrease towards these values as more
variables are added suggest that there may be other explanatory factors not taken into
account here. For example, gross margin as a measure of monopoly profits has been
found to have explanatory power (Lindenberg and Ross, 1981). When this variable is
included in the regression analysis, the adjusted R? increases slightly and the
regression intercept decreases. In this industry, however, the significance and
meaning of gross margin is ambiguous. For some firms (e.g. certain types of
hardware manufacturers) it may in fact describe market power. For other firms (e.g.
software firms, where variable costs are negligible but large development costs are
incurred), gross margin may be a misleading measure. Fortunately, the value and
significance of the other regression coefficients do not significantly change, and so
inferences as to the significance of these intangible assets would not be affected.
Other explanatory variables may also be useful: market share and market share
growth (Smirlock et al., 1984), number of patents (Griliches, 1981), and so on.
However, given that book values were used to approximate replacement value, a
regression intercept value slightly greater than 1.0 (in the linear case) is not
unreasonable. Furthermore, the R? value of 0.25 in the linear model compares quite
favorably with the value of 0.29 reported by Wernerfelt and Montgomery (1988),
while the value of R? of 0.87 in the logarithmic model compares well with the value
of 0.94 as found by Hall (1993), even though the number of observations in this study
is less than 3% that of the latter (556 observations vs 24,333). Thus, for the
purposes of this study, further investigation will use the four explanatory values as

shown by the models presented above.
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As shown in the Tables, the market valuation of advertising is 2-3 times
greater than R&D in this industrial sector. This contrasts with the results of Hall
(1993) and Montgomery and Wernerfelt (1988) who, in broad-based studies of the
entire manufacturing sector, found the opposite: R&D investment is valued at 2-4
times advertising expenditures. This difference illustrates the particular dynamics
which may be relevant to a particular industry, in this case the computer and
computer electronics industry, as compared to the entire manufacturing sector. For
example, the value for the coefficient of R&D found here is 3.2, which compares
with a value of approximately 9 found by Montgomery and Wernerfelt. This implies
a shorter life, or faster depreciation rate for R&D in the computer industry as
compared to the economy on average. In the entire economy, R&D has an average
life of approximately 9 years (or 11% depreciation per year), whereas its life is
estimated at only 3 years in the computer and computer electronics industry, implying
a 30% depreciation rate. By contrast, $1 spent on advertising generates
approximately $7 in brand name value in the computer industry, vs $3 for the
economy on the average, as found by Montgomery and Wernerfelt. These differences
are consistent with the observations of Grabowski and Mueller (1978), who found the
effect and value of R&D to be industry specific. For example, the effect of R&D
was found to be greatest in high profit industries, implying R&D is needed to secure
market power, yet, in contradiction, there was a negative correlation of the value of
R&D with market concentration, leading to the hypothesis that concentration in
research-intensive industries leads to excessive rivalry and marginally productive
R&D. Thus, in this latter case, R&D, rather than a source of advantage, may be
required simply to maintain parity and hence would affect firm value only in its
absence. For example, R&D was found to be extremely important in the high-profit
pharmaceutical industry, yet its value, found by constructing an asset based on a
depreciating sum of past R&D expenditures, was found to depreciate twice as fast in
this industry as in other manufacturing industries. One could imagine arguments
being constructed along similar lines to justify these regression results for the

computer electronics industry, given the proliferation of cross-licensing agreements,
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patent trading, relatively low barriers to entry, and extensive availability of

information.

Firm size (total assets)

The entire data set was stratified based on total firm assets, with small firms
being defined as those with less than $50M in total assets and large firms as those
with over $100M in total assets. For each regression, the R? of the fit was greater
for the larger firms as compared to the smaller firms, indicating the spread of the data

and the variability in firm characteristics for the smaller firms.

The linear regression results for Tobin’s q show that relative to the entire
industry data set, R&D expenditures create a smaller intangible asset in smaller firms
and a larger asset in the larger firms. The contribution to market value of
expenditures in R&D in larger firms is more than twice that in smaller firms. This
would be consistent with the ability of larger firms to assimilate research results into
the organization, so permitting the firm’s owners to appropriate the results of that
research. Another way to interpret these findings is that R&D constitutes a larger
capital stock in larger companies, implying that the company is better able to
appropriate the results into its knowledge base. By contrast, advertising is very
important for the smaller firms, even more so than for the entire industry data
sample, yet is insignificant for the larger firms. This suggests that in this industry, a
brand name recognition is necessary for survival, yet a reputation, once achieved, is

durable.

Sales growth is significant for both sizes of firms, but current cash flows are
insignificant for the smaller firms and very significant for the larger firms. Combined
with the advertising results, this would indicate that investors in large firms are
reaping the rewards of a process of firm growth, reputation building, and name
recognition, while investors in small firms are forgoing current payments (e¢.g current
cash flows) in order to develop a market presence. Advertising likely represents only

one of several intangible assets that these small firms are developing that, as a whole,
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will permit the smaller firm to establish and maintain itself in the future. Patent and
other intellectual property protection may be another: patents not only protect the
company against rivals, but effectively transfer the knowledge of key individuals to
the company. Significantly, Scherer (1986), in a statistical analysis based on 1955
economy-wide data, has found that patents provide increasing returns to sales for
smaller companies, yet may actually result in diminishing returns for larger and

diversified corporations.

Results using the free cash flow variable in the linear regression model
confirm these observations, but indicate that advertising, aithough perhaps less
important for the larger firms, is nonetheless significant. Results for the logarithmic
model are similar in trend, but differ in significance as compared to the linear model.
Although the value of R&D is greater for the larger firms, its explanatory power is
significant only for the smaller firms. A major determinant of value for all firms is
still sales growth, and, as in the previous model, smaller firms rely on advertising to
create value while larger firms obtain value in the form of current cash flows. Now,
however, advertising is insignificant for both sizes of firms and cash flow is

significant for small as well as large firms.

Firm size (number of employees)

The entire data set was stratified based on total firm assets, with now small
firms being defined as those with less than 300 employees and large firms as those
with over 1000 employees. As was the case for regressions stratified by size on the
basis of firm assets, the R? of the fit was again greater for the larger firms, indicating

the spread and variability in firm characteristics for smaller firms.

The regression results for Tobin’s q are nearly identical to those for firm size
as measured by asset value, yet here the observations are more clearly defined and
more significant, and so more strongly support the interpretations discussed above.
When firm size is defined by number of employees, the value of R&D in larger firms

is nearly two times that of R&D in smaller firms, and its value as an intangible asset
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in smaller firms is not significantly different from zero (p > 0.1). Here, it is not
difficult to formulate arguments relating to appropriability of intellectual property in
firms with large numbers of employees vs smaller firms whose key intellectual assets

may reside with unique individuals.

While advertising represents a very important asset for the smaller firms, its
value is smaller and insignificant for larger firms. Cash flow value is complementary
- of little significance for smaller firms but highly significant for the larger firms. In
the smaller firms, intangible asset value is due primarily to advertising ($16 for every
dollar spent), while in the larger firms, intangible firm value depends both on R&D

($4.60 return per dollar) and on operating cash flow ($6 return).

Results are quite consistent for each of the different regression models, with
the exception that the value of R&D as determined by the logarithmic regression for
firm value, while still much greater than for smaller firms, is now significant only at
the 6% level, while operating cash flow is an explanatory variable of some

significance for the smaller firms where it was not for the linear regression model.

Of particular interest in both sets of these size-stratified regressions is the
regression intercept value. For the linear regressions, the intercept value for the
larger firms is close to zero, implying that the firm’s assets, in and of themselves,
contribute little to firm value. Rather, it is the ability to transform ideas (R&D) into
cash flows that is valued by investors. By contrast, the regression coefficient for the
tangible assets of smaller firms is greater than one, which would not indicate that
these assets are valued at greater than replacement cost, but rather that the full
explanation of value for these smaller firms depends on other (intangible) assets that
have not been incorporated into the valuation model. The logarithmic regressions
support this view: the multiplier « is approximately 0.7 for the larger firms and
nearly 3 for the smaller firms. Thus, the regression model of intangible and tangible
assets reasonably explains firm value for the larger firms, while the fact that smaller

firms are valued at a multiple of their asset sum may indicate several alternative
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possibilities. Perhaps other, unaccounted-for factors determine firm value for these
smaller firms; another likely possibility is that investors place great expectations on
the future promise of these firms. Each of these explanations is consistent with the
differing values placed on advertising, R&D, and immediate cash flow for smaller vs
larger firms. The owners of small firms recognize that the firm needs to first
establish a durable market presence and credibility, based on assets controlled by the
firm, before value is appropriable either from the market (in the form of cash flow)
or from the firm’s own research. The payoff is in the future, and depends, at least in
part, from intangible assets developed now. These intangible assets may be market
assets, such as brand name, reputation, customer loyalty, and trademarks, for which
advertising is a reasonable descriptive variable. As noted above, these intangible
assets may also include those that the firm can appropriate from individuals -
intellectual property in the form of patents and copyrights, or sales and marketing
expertise that, over time, can become institutionalized. Other sources of value could
include licensing agreements, and, perhaps especially in the computer hardware and
software industry, network effects including installed base, compatibility issues,
adherence to standards, etc. All of these factors are potential explanatory variables
that, aside from advertising, have not been explicitly included in the regression

models presented here.

Correlation of Sales with R&D

Stratification by firm size (total assets)

total assets ($M) 1.505 - 19.86 correlation  -0.139
20.02 - 44.74 0.042
44.93 - 126.9 0.143
130.5 - 2595 0.880

Stratification by firm size (# employees)

# employees(000)  0.015 - 0.201 correlation  0.253
0.214 - 0.583 0.146
0.619 - 1.792 0.737
1.928 - 34.41 0.886

Exhibit A Correlation of R&Dg,/R&D;pgysry With Salesg/Sales;,qygry in
1986 (each group represents a quartile)
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These observations are further confirmed by the results of calculations shown
in Exhibit A. Firm sales as a fraction of total industry sales were correlated with
firm R&D as a fraction of the total industry R&D for the year 1986. The data
sample was divided into four groups according to size, where both measures of firm
size (total assets and number of employees were used). In each case, the correlation
is poor for the smaller firms, but sirong for the largest firms. Thus, R&D does not
appear to lead to sales, and hence income and value, for smaller firms, confirming the

low market valuation placed on R&D for the smaller firms.

Asset intensive firms (Tobin’s q)

Residual plots for the linear valuation model showed tliat residuals increased
linearly with MV/TA. Two potential sources are scale effects and measurement
error. However, a third possibility is that low MV/TA firms are significantly
different from high MV/TA firms, both in the value attributed to intangible assets as
well as the pature of those assets. To examine this possibility, the data set was
stratified according to MV/TA, and separate regressions for the linear and logarithmic
models were calculated for tangible asset-dependent firms (MV/TA < 1.25) and for
intangible asset-dependent firms (MV/TA > 2.25).

Low MV/TA firms serve primarily as a control, and as expected, the intercept
regression coefficient for tangible asset-dependent firms is close to 1.0 in the linear
case. In the logarithmic model, the intercept regression coefficient (the logarithm of
the multiplying factor) is not significantly different from zero and the coefficient of
TA is close to 1.0. These results imply that there are no scale effects for asset-
dependent (small MV/TA) firms, and that firm value is reasonably described by the
explanatory variables used here. By contrast, for large MV/TA firms the linear
regression coefficient is large (> 3.3) as is the logarithmic multiplying factor (o >
4). While this may suggest that scale effects are important for these firms, a much
more likely explanation is that all relevant explanatory variables have not been

included.
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When these regression results are compared to each other and to the regression
results for the entire data set, interesting observations emerge. First, low MV/TA
firms are nearly exclusively dependent on the value of tangible assets. The
coefficients for the intangible asset factors are not significantly different from zero,
and the coefficient values attributed to sales growth and operating cash flow are either
insignificant, or, when significant, lower in value or significance than that of the data
set as a whole. While such valuation might be expected for firms in characteristically
asset-dependent industries, such as real estate or raw materials, firms with these
characteristics in the computer and computer electronics industry are surprising.

Some of these low MV/TA firms include Iomega, General Automation, Quantum, and
Pitney-Bowes, for example. Given the nature of this industry, with its dependence on
innovation and ideas, these results may instead indicate that investors have lost
confidence in the ability of these companies to remain technologically competitive.
This is supported by the low value given research and advertising expenditures, and
the rather desultory value and/or significance given to sales growth and operating

income.

By contrast, high MV/TA firms display a markedly different character. As
expected by definition, these firms derive nearly all their value from intangible assets.
Like the low MV/TA firms, sales growth and operating income are less important in
determining firm value than for the data set as a whole, but unlike these low MV/TA
firms, advertising and R&D are significant factors. Although the value and
explanatory power of these variables is less than for the data set as a whole, in
relative terms advertising contributes nearly three times as much to firm value than
R&D for these firms, vs a factor of two for advertising vs R&D in the data set as a
whole. In fact, in the logarithmic model, R&D loses explanatory significance for
high MV/TA firms, and advertising is the strongest determinant of firm value. As
discussed above, the fact that the regression results change depending on whether a
linear or logarithmic model is used may be interpreted as implying scale effects, but
further investigation should first determine that all relevant factors are being included

in the model. In light of the nature of this industry, intangible factors vo be
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investigated should be technology-related: patents, license agreements, employment

(specifically R&D) turnover, etc.

Many of these high MV/TA firms are software producers (Adobe, Computer
Associates, Lotus, Microsoft). The regression results, combined with observations of
the rapid rate of product development in the software industry, would imply that R&D
is a current expenditure which depreciates almost immediately, and provides no long-
term value. This suggests the interpretation that brand name is the most important
determinant of firm value while R&D may only be required to maintain
competitiveness within the industry. However, this group of firms is not composed
exclusively of hardware producers. There are a number of hardware firms (Apple,

Sun, Silicon Graphics, Seagate, Western Digital) and retailers (Tandy, Dell).

Highly capitalized firms (market value per employee)

Previous stratifications of the data set compared firms on the basis of size and
asset intensity in order to identify the characteristics that differentiate the different
groupings of companies. Here. the characteristics of firms that are highly valued by
the market (on a per employee basis) are compared with the data set as a whole. A
high per employee market capitalization indicates both the high value of employee

effort and that such efforts are appropriable by the firm.

For the COMPUSTAT data set, the composite market value per employee is
$141,000 and the median is $107,000. Tables 5.1-4 present the regression
coefficients for firms capitalized at over $200,000 per employee, approximately the
upper third of the data set. Aithough this sample of firms includes many software
companies (Lotus, Microsoft, Interleaf, Computer Associates, Novell), there are
nearly as many data entries under the 4-digit SIC code for prepackaged software that
are not included in this sample. This sample of highly capitalized firms also contains
many hardware producers, including Apple, Compaq, Maxtor, Quantum, Silicon

Graphics and Sun.
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These results show that advertising, sales growth, and operating cash flow are
all less important explanatory variables for these firms than for the data set as a
whole, but that R&D is much more highly valued, by factors of 2 - 5. Such results
in this industry indicate that the market is valuing the ability of the firm to
appropriate knowledge capital. The discounted value applied to the sales and
advertising variables for these highly capitalized firms relative to the entire sample
can be interpreted as indicating that these companies are able to value and appropriate
knowledge capital immediately, rather than having to wait to obtain value later in the
product cycle via manufacturing and product sales. This would also imply that highly
capitalized (per employee) firms are also high MV/TA firms (since these knowledge
assets are intangible, and represent the promise of future payoffs rather than
immediate benefits). Market value per employee and MV/TA are in fact highly

correlated, with a correlation coefficient of 0.671.

Once again, the presence of intercept values greater than 1.0 in the linear
model and multiplicative factors greater than 1.0 in the logarithmic model indicates
that other explanatory variables may be significant. For these firms, such variables
should be measures of knowledge and innovation, and might include R&D
employment, average tenure of the R&D staff, number of Ph.D.’s, issued patents,

etc.

Tangible-asset dependent firms (assets per employee)

Previous stratifications to identify the characteristics of intangible asset-
dependent firms divided the data set based on measures of the dependent variable
(MV/employee, MV/TA). Here, we examine tangible- and intangible-asset dependent
firms based on the amount of total (tangible) assets per employee. Approximately one
third of the data set consisted of firms with more than $100,000 of tangible assets per
employee. The opposite third consisted of firms with less than $60,000 in tangible
assets per employee. For the pnurposes of this study, those in the first group are
regarded as tangible asset-dependent firms, while those with fewer tangible assets per

employee are assumed to be more dependent on intangible assets. However, this
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distinction does not produce a clear differentiation in terms of the lines of business of
firms in each group, and more careful investigation and definition would be warranted
in future work. For example, one would expect that software firms would have
relatively fewer tangible assets per employee, while hardware manufacturers would
have more. However, most of the major hardware (Apple, Compaq) and software
manufacturers (Lotus, Microsoft) were in the high total assets per emplcyee category,
whether assets were defined as total assets (current assets plus property, plant, and
equipment) or even simply PP&E. Thus, if differentiation is desired based upon lines

of business, future studies should simply stratify based upon 3- and 4-digit SIC codes.

Regression results for these this grouping of firms are quite similar to those
for a stratification based on firm size, either by total assets or by number of
employees. Similar to those larger firms, the most significant explanatory variables
for firms with high amounts of tangible assets per employee are R&D and operating
cash flow. The coefficient value for operating cash flow is nearly 9 times that of the
daia set as a whole, while the value of R&D is also more important for these firms
than for the data set as a whole. Advertising, on the other hand, is not significant as
an explanatory variable. By contrast, there is a suggestion that firms with lower
amounts of tangible assets per employee derive greater value from advertising
(advertising is nearly significant as an explanatory variable at the 6% level), while
R&D is also significant. Sales growth, while significant, is less important than for
the data set as a whole and operating cash flow is insignificant. One interpretation of
these results may be that R&D, when carried out in firms with large amounts of
tangible assets, is appropriable and is associated with market power and profitability.
In firms with fewer tangible assets, however, profitability only comes later, after a

brand name reputation has been established and the firm has a market presence.
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2. Employee Specific Valuation

The valuation model based on Tobin’s q attempted, within the confines set by
use of limited financial data, to identify intangible sources of firm value and their
relative importance for firms of different types. One of the results of that regression
model was an indication that firms that are highly capitalized on a per employee basis
are so because the company not only has creative and innovative employees, but that
it believes it can appropriate the intellectual capital of those employees. The market
value thus reflects the confidence that this knowledge capital will produce future

benefits, and the security that these benefits will accrue to the company.

In this section, these issues are pursued in greater depth. First, a model is
developed that attempts to explicitly value the contribution of each employee to firm
value. Using the financial data for the computer and computer electronics industry,
this model seeks to identify some of the factors that lead to a high market valuation
per employee, and to investigate how these factors may differ among firms of
different sizes and characteristics. A high market valuation per employee means that -
employees are making important contributions to the company, and that these
contributions are appropriable by the firm. Therefore, it is reasonable to ask what
factors contribute to a high market valuation, and how these factors vary for small vs

large firms, or for tangible vs intangible asset-dependent firms.

At the outset, it is recognized that this model will be necessarily deficient in
accounting for all the explanatory factors that determine firm value, even on the
aggregate level. The data sample consists of only financial and accounting data, and
no attempt has been made to identify other firm and industry specific factors. Several
such factors have been discussed previously, primarily of a technological nature.
However, in evaluating the ability of the firm to realize employee value, other factors
that may now be important include employee mobility, both in terms of physical
displacement and transferability of skills; conditions in the employment market;
employment prospects in related industries; the structure of company ownership (i.e.

whether employees are also owners); etc. Tc illustrate the implications of omitting
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such factors, Salinger (1984) applied a similar regression model to a selection of
industries and firms to assess the influence of one employee-specific factor -
unionization - on firm value. Unionization was found to be a significant factor in
reducing value to the firm’s owners via a shift to the employees. Fully 77% of
monopoly rents were appropriated by the unions. Thus, for the industries analyzed in

that study, the primary beneficiaries of monopoly power were unionized workers.

Model Development
Similar to the valuation model based on Tobin’s g, the firm is viewed as a
collection of tangible and intangible assets. Firm market value (MV) is the sum of

these asset values,
MV =V + Ve + V, + f(OCF) + g(5) (13)

where, as in the previous model, V1, Vg, and Vg represent respectively the
capitalized value of tangible assets, knowledge (i.e. research and development) assets,
and brand-name assets. The function f(OCF) represents the value of extraordinary

firm-specific profitability and long-run prospects, where OCF is some appropriately
defined measure of cash flow to the firm, and g( S) represents the value of the
firm’s sales and marketing efforts as well as prospects for long-term growth, where

S is some measure of sales performance, such as sales growth. On a per employee

basis, firm value is expressed as

MV V4 Ve Vi . ROCH g5  (16)

= + -+

employee employee employee employee  employee  employee
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Alternatively, on a per employee basis the functional formulation for firm
value may include scale (or network) effects,

vV vV vV \
MV o T4 R . A ., foCchH . g®)

employee ) employee  employee  employee  employee emplovee

17)
where « is a multiplicative factor and B is the scale factor. Taking logarithms of both

sides, and using the approximation log(l1+x) = x for small x, firm value is

vV vV Vv \
tog(—_) - log(a) + Blog(—L) + p_R . p_4 . g /9D , 52
employee employee Vig Vi Vi Vo,

(18)

Model Implementation

The linear and logarithmic forms of the firm valuation model, egs. 16 and 18,
are used as a basis for a regression model that will be applied to the industry data set.
As in the previous analysis, market value (MV) is taken as the sum of the market
value of common stock plus the bock value of outstanding long-term debt, and
preferred stock is ignored. Replacement cost (V) is taken as the listed book value
of total assets less current liabilities; knowledge assets (V) are approximated as
linearly related to the current level of R&D expenditures; brand-name assets (V) are
approximated by the current level of advertising expense; and sales growth is
calculated for any given year as a central difference. The variable representing cash
flow is again calculated in two ways: as operating income before depreciation (OIBD)

and as the standard measure of free cash flow to the firm (FCF).

Results and Discussion

Four separate regression models were applied to the computer and computer
electronics industry data. The models differ in the linear or logarithmic form of the
valuation equation, and in the measure of cash flow, OIBD vs FCF. These models

are as follows:
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Linear model, operating cash flow:

MV Vi R A OIBD
+ + +

= S (19)
empl Po Vempl 2 empl L empl 4 empl * Ps

Linear model, free cash flow:

My 4 R A FCF :
= BO + B, TA + B, + B3 -+ By + BSS (20)
empl empl empl empl empl
Logarithmic model, operating cash flow:
MV V4 R 4 OIBD :
l = lo I X $ @
og(empl) g(a) + P log( empl) + By 7 + B, 7 + B; v + By
Logarithmic model, free cash flow:
MV 4 R A FCF :
log(=—) = log(0) + Blog(— =) + By—— + By—— + B3 — + ByS (22)
empl empl 29 Vs T4

Once again, in the logarithmic models B represents the exponential (scale) factor and
the B, are actually the product of the asset coefficient with the scale factor. Again,
except in one case to be discussed below, the scale factor is always quite close to 1.0,

and this distinction is ignored.

Table 5.5 presents results for the linear regression model using OIBD as the
cash flow measure. Table 5.6 presents the results for free cash flow with the linear
model. Table 5.7 presents results for the logarithmic regression model using OIBD
as the cash flow measure, and Table 5.8 presents the results for free cash flow with
the logarithmic model. Results are stratified according to the five criteria used

previously:
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firm size (total assets):
large firms: book assets > $100M

small firms: book assets < $50M
firm size (number of employees):
large firms: greater than 1000 employees
small firms: less than 300 employees
asset_intensive firms (Tobin’s q):
tangible asset-intensive firms: MV/TA < 1.25
intangible asset-intensive firms: MV/TA > 2.25

highly capitalized firms (market value per employee):
firms highly capitalized per employee: MV/employee > $200,000

tangible-asset dependent firms (assets per employee):

firms dependent on tangible assets, assets per employee > $100,000
firms less dependent on tangible assets: assets per employee < $60,000
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Complete data set

As seen from Tables 5.5-8, both linear and logarithmic models have similar
explanatory power on this data set. However, the interpretation of the results differs
depending on the model. The linear model suggests that high R&D expenditures per
employee are nearly twice as important as advertising in creating firm value, while
the logarithmic model indicates the opposite. For either model, sales growth and

operating income are explanatory parameters.

In the linear model, the negative value of the intercept could simply be an
artifact of model mismatch or measurement error; another possible explanation is that
it represents contracted liabilities incurred by employees such as pension and health
care benefits. In the logarithmic model, the scale coefficient is insignificant and the
multiplicative factor is close to 1.0, suggesting that for the aggregate data set, the
explanatory variables adequately describe firm value. This result is interesting, for it
indicates that other factors, such as monopoly power, are adequately included in the
income variable. In fact, when gross margin is included as an additional explanatory
variable, its influence in the linear model is insignificant and the regression

coefficients in both linear and logarithmic models are essentially unchanged.

For either the linear or the logarithmic regressions, slightly greater explanatory
power is provided when operating cash flow vs free cash flow is used as an
explanatory variable, although the improvement is not nearly as great as for the
regression results for Tobin’s q. This is true for the entire data sample as well as
subsets of the data to be discussed. Since in most cases the influence of FCF is not
significant, while OIBD is a very significant explanatory variable, subsequent
discussion will concentrate on the results given by the operating cash flow model.

However differences, when significant, will be noted.
Firm size (total assets)
The means by which firms can realize value from employees are depend on

the size of the firms and are generally similar to the observations made for the
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regression model based on Teobin’s q. For larger firms, increases in sales and cash
flow lead directly to increases in market value (or, equivalently, realizable value for
the firm’s owners), whereas for smaller firms, these factors, although significant, are
less important and advertising is the important variable governing market value per
employee. Use of free cash flow as an explanatory variable provides some evidence
that R&D is more important for larger firms than for smaller firms, but this is not
maintained when operating cash flow is used to describe firm profitability. Rather,
these results are demonstrating that a firm achieves value not by any intrinsic measure
of the worth of its ideas (i.e. via R&D), but by an objective valuation in the market
for its products. Thus, small firms must first obtain credibility, recognition, and
reputation in their product marketplace - a "track record" - before investors will judge
that the firm has long-term value, or that future expenditures in product development

will create value.

Logarithmic regression results for the smaller firms show that the value of the
multiplicative factor is significantly greater than 1.0, indicating either that all
explanatory factors have not been included, or that investors regard current
expenditures as leading to future rather than present value. However, the variability
in the data is quite large for these smaller firms, and factors may be firm-specific.

As in the regression for Tobin’s g, the R? of the fit was greater for the larger firms as
compared to the smaller firms, indicating the greater variability in firm characteristics

for smaller firms.

Firm size (number of employees)

Regression results for market value per employee for small vs large firms,
where now firm size is measured by number of employees, parallel nearly exactly
those for firm size as measured by total assets. Small firms are once again more
variable than larger firms, but market value per employee depends significantly on
advertising expenditures, vs sales measures for the larger firms. Thus, while a dollar

in operating income increases firm value by nearly three times as much for large
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firms as for small firms, advertising expenditures increase firm value for smaller

firms by more than 20 times their effect in larger firms.

Results are fairly consistent, at least in trend, for each of the different
regression models, explanatory variables, and size meacures. However, greater
similarity in results was found using the expression for Tobin’s g to describe firm
value rather than this employee-specific valuation approach. This may be due to the
fact that in addition to omission of explanatory variables describing industry technical
characteristics, a deficiency common to both valuation approaches, the employee-
specific model must now also consider factors particular to the market for technical

and professional talent.

Asset intensive firms (Tobin’s q)

One fundamental question in the valuation of intangible capital, phrased in a
manner appropriate to the present analysis, is: For a firm whose market valuation
consists primarily of intangible assets, how should spending for each employee be
allocated so as to maximize value? To investigate this question, admittedly in a
preliminary way, separate regression analyses were calculated for tangible asset-
dependent firms (MV/TA < 1.25) and for intangible asset-dependent firms (MV/TA
> 2.25).

Tangible asset-dependent firms act as a control sample in this analysis. As
expected, the single most important explanatory variable describing market value is
the value of tangible assets, with a coefficient equal to 1.00 in each of the
regressions. While sales growth has some explanatory power, both the significance
and value of all variables other than tangible assets are considerably reduced when
compared to those values calculated for the data set as a whole. Indeed, spending on
intangible assets (R&D, advertising) in these firms actually decreases firm value. In
other industries, such a results might be interpreted to imply that the company’s assets
have fixed, intrinsic value, and hence, research monies are simply wasted as they

have no effect. In these industries, the results must be regarded as a lack of
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confidence in the ability of these companies remain technologically competitive or to

profitably develop new products.

By contrast, high MV/TA firms derive significant value from high levels of
R&D spending per employee. In each model, the coefficient of R&D is highly
significant, and for the linear models, the coefficient for R&D spending per employee
is greater than for the regression on the entire data set. Advertising, sales growth ard
cash flow are all either insignificant or are less important than for the data set as a
whoie. For these high MV/TA firms, the implication is that knowledge capital is
being valued. As indicated by the linear models, a tirm will create 3 times as much
vaiue by R&D spending per empioyee than by a simiiar expenditure on a tangibie
asset. The fact that cash flows are discounted relative to the valuation placed on cash
flow for the entire data set implies that the benefits from this R&D are not likely to
be received until some time in the future. This is also suggested by an asset
coefficient greater than 2 in the linear regressions and a multiplier greater than 3 in
the logarithmic model, indicating that firm value is a multiple of current asset values.
This provides support for this hypothesis, but also suggests that other explanatory

factors may be relevant for these firms.

These results are intuitively satisfying for this industry. The computer and
computer electronics industry has been characterized by rapid innovation and growth.
One would expect that those firms which possess large amounts of intangible capital
(high MV/TA) to have them in the form of technical know-how and other intellectual
property. For such firms, employees will create maximal value when adding to that
store of knowledge; the fact that the company already possesses large amounts of
knowledge capital implies that it can incrementally assimilate additional R&D results.
Clearly, a validation of this valuation approach would be a similar analysis in an
industry where the sources of intangible capital are different: health care products,
where distribution networks may be significant; or a consumer goods industry such as

cosmetics or packaged foods, where advertising and brand name are the key factors.
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Highly capitalized firms (market value per employee)

A fourth regression analysis specifically examines firms which, on a per
employee basis, are highly capitalized (MV/employee > $200,000). As noted, a
high per employee market capitalization indicates both the high value of employee

effort and that such efforts are appropriable by the firm.

These results show that sales growth, advertising, and cash flow are at least as
important for these firms as for the entire data set, but the value of R&D is nearly

twice as important'. Compared to the entire industry data set, R&D is the single

employee not only have effective research organizations which allow the organization
to assimilate the knowledge gained, but also are skilled at marketing the resulting
products. It is interesting to note that this capitalization derives primarily from
intangible assets: the linear regression model indicates that spending on tangible

assets increases market value by less than the value of the asset purchased.

When compared with the regression results for the entire data set, these results
imply that beyond a certain per employee capitalization, diminishing returns set in.
This is suggested by the intercept value in the linear model changing from a negative
number (= -30) to a large positive number (= 100-150), indicating that the slope of
the MV/employee curve is flattening; and also by the exponential factor of
approximately 0.4 in the logarithmic model. However, the fit for this regression is
considerably poorer than any of the other subsets, and so any conclusions may simply
be artifactual. For example, the large intercept value on the linear model strongly
suggests the possibility of excluded variables, as does the multiplicative factor of

approximately 40 in the logarithmic model.

Due to the structure of the logarithmic regression model, the actual asset
coefficients are the regression coefficients divided by the exponent 8, which is the
coefficient of log(TA/employee). For all other subsets of the data, the coefficient was
sufficiently close to 1.0 that this correction has been ignored.
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Tangible asset dependent firms (assets per employee)
As in the regression model based on Tobin’s q, we examine tangible- and
intangible-asset dependent firms based on the amount of total (tangible) assets per

employee using the same stratification criteria as before.

Results for these this grouping of firms are again quite similar to those for a
stratification based on firm size, either by total assets or by number of employees. In
this employee-specific valuation model, the value and significance of the variables are
more strongly defined than for the regression model based on Tobin’s q. The most
significant expianatory variabies for firs wiil high ainouiis of tangible asseis per
employee are R&D, salcs growth, and operating cash flow. Each of these factors are
more important for these firms than for the data set as a whole, while advertising is
insignificant as an explanatory variable. By contrast, the coefficient value for R&D
in firms with lower amounts of tangible assets per employee is only one-half that for
the more asset-dependent firms, and the value of advertising is nearly 6 times greater.
However, these results are somewhat paradoxical: while sales growth contributes to
value for these firms (although less than for the data set as a whole), the operating
cash flow variable is significant and contributes negatively to firm value. One
potential explanation could be that investors look to these firms to establish market
presence and market power (hence the high value placed on advertising), and do not
expect profits yet. This is a tenuous interpretation, for as noted earlier, there is a

relatively heterogenous collection of firms in this grouping.
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3. Market Valuation of the Firm and Unanticipated Returns

The previous analyses have examined the determinants of market value and
have attempted to relate the firm’s activities, on the aggregate level, to firm value. In
this section we develop a valuation model that specifically examines changes in firm
value and its relation to firm actions. In particular, the purpose of this model is to
highlight unanticipated changes in firm value, due either to unanticipated firm

performance or unanticipated returns on the firm's investments.

At any given point in time, a discounted cash flow analysis is used to compare

P md amm i —m s aer iel. sl . memd meram b e

actual firm performance i a subsequent time period year with the current expeciation
for firm prospects as given by the current market price. The ratio of the present
value of actual future firm performance to the current market price represents the
extent to which the firm exceeded or disappointed expectations during the time period

studied.

In the computer and computer electronics industry that is being used to
investigate these valuation methodologies, this degree of market mispricing can also
be interpreted as describing the extent to which a firm was able to appropriate the
productive effort of its employees. For example, if a firm consistently exceeds
market expectations for its performance, the discounted value of its actual
performance will always exceed its current market price. Since expectations of future
performance (given by the market price) and the discount rate used to discount future
cash flows are based on the same risk factors that apply to firms in similar businesses,
the implication is that these firms are less risky than other similar firms. Sources of
risk include market risk, technology risk, foreign competition, government legislation,
etc. However, for these knowledge-dependent firms, one source of risk for aii these
firms is the inability to appropriate the efforts of key employees. For many
industries, such risk would be firm-specific and unique, and hence not reflected in
market value (for investors can always diversify to reduce or eliminate this risk).
However, in this industry such risk must be regarded as one component of the total

risk industry-wide. One investment that the company makes that is directly related to
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this "knowledge appropriability” risk is spending on R&D. R&D spending represents
an expenditure to develop knowledge by its professional staff that the company as an
entity will assimilate to a greater or lesser extent. If a company is better able to
appropriate this knowledge, we would expect to see a greater degree of market
mispricing, for the value that the firm would obtain from its R&D investment would
exceed the value that the market would customarily attribute to such expenditures.
Similar arguments can be made for advertising and market expenditures, pricing
power, and the like.

Model Deveiopment
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from product sales, less all payments required to run the business: inventory, accounts
payable and receivable, cash on hand, capital investment, etc. These cash flows are
discounted at an "appropriate” rate that accounts for the risk incurred by this
particular investment project. Thus, if MV is the market value of the firm now (year

0) and NPV() is a net present value operator,

0

n
MV, = 3 NPVFCF) = Y. NPV(FCF) + TV, (23)

i=1 i=1

where FCF, is the free cash flow received in year i and TV, is the terminal value -
the net present value of the value of the firm from year n on. The net present value
of a cash flow in year j is calculated at the compounded risk rate, where r; is the

discount rate for cash invested during year j:

FCF
NPV(FCFj) = J (24)
(T +rg)( +r)) .. (1 + rj_,)

This model for valuation is typically used to evaluate potential investment projects
ranging from the decision to enter a line of business to the decision to acquire another
firm. The project is evaluated on its merits, and the cash that is produced is assumed

available for whatever uses the investors desire.
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In this study, we propose to use this model to compare the NPV of the firm,
based on the cash flows it actually generated over a certain period of time, with the
firm’s market value at the start of that period. Therefore, this model will relate
expectations with performance, and attempt to relate the degree of divergence to
actions taken by the company. This will include investments in R&D and advertising,
sales growth, and operating income. However, as presented, the model above is

unsuitable for this analysis for several reasons.

Valuation Model: Error Sources

One source of error is due io ihe cash fiows themseives and the assumptions as
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these cash flows will be distributed to the investors. In fact, these comipanies are not
highly leveraged and the dividend yield is modest. Most of ihe iree cash flow - that
in excess of capital needed to run the company and investment required to grow the
company - is either held by the company or used for other investmems and
acquisitions. If these free cash flows are reinvested in the same business or a
business of equal risk, then this valuation approach is applicable. However, if these
cash flows are invested in investments and acquisitions with different risk attributes,
the net risk of the business changes. These risk factors will be incorporated into the
NPV of the company once they occur, since each year, the discount rate reflects the
current risk. They will not be reflected in the company’s present market value,
because, although it incorporates the expected value of past investments, such
investments in the coming year are not only unanticipated, they are specifically

excluded from the model.

Another effect of reinvestment has to do with the terminal value (TV) of the
company. If the terminal value is simply a projection of the current free cash flows
at an expected growth rate, the model applies. However, as this is a retrospective
study, looking at past firm performance, we can look to the market to provide a better
estimate of terminal value. At year j, the best projection of firm performance in the

future is already available: it is the market price. However, this market price
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includes the value of the free cash flows that were reinvested. Thus, if these free
cash flows are used with a market estimate of terminal value, they will be double

counted.

A third source of error is forecasting error: it is simply not reasonable to
expect that current market value can accurately forecast performance, risk, discount
rates, and other market factors in the later years of the time horizon. Although the
later years’ results are discounted, somewhat reducing the influence of earnings in
these later years, this source of uncertainty cannot be eliminated in a multi-year

modei.

A fourth source of error relates to inflation expectations. If inflation is treated
consistently, using the same expectations for inflation in the cash flows as are
embodied in the discount rates, inflation is not relevant. However, any discrepancies
in inflation expectations used in developing a market projection increase the
measurement noise in the data sample. This noise is greater when inflation is higher

and the longer the time horizon for the multi-year model.

Finally, there is simply the problem of data consistency. Market value is
measured at a point in time, while NPV takes into account multiple years of
performance. In effect, a noisy point value is being compared with an averaged
value. If observations from the data set are not obscured by this effect, they will
certainly be suspect as subject to point fluctuations. Use of a multi-period time
horizon also reduces the data set, as all observations from the horizon of the NPV

analysis are aggregated into a single observation.

Model Modifications

Each of these sources of error can be addressed and either eliminated or
reduced by the following modifications to the valuation model. First, we reduce the
planning horizon to one year. This resolves most of the forecasting errors that

derived from longer time periods. Any forecasting errors are now due to uncertainty

90



in only the coming year. Not only is this the only source of forecast error, it should
also be the smallest. Note that this also allows us to evaluate the market's reaction to
firm performance every year, and so eliminates problems with reduction of the data
set. Second, market value is taken as the best estimate of terminal value. In order to
deal with double counting, the free cash flows only include cash actually paid to the

firm’s investors, both debt and equity holders.

The modified model is as follows. At the end of year i, the best estimate of
the net present value of the firm is MV,;. This represents the NPV all cash flows to
be received by the company’s owners in iic fuiure. Now, ai iie end of il nexi year,
year (i+1), we actually observe the firm’s performance (FCF, ) and revise our
estimate of the company’s value, obtaining MV, ;. Had we known of the firm’s
actual performance at the beginning of the year, then, assuming risk was constant

over the year, we would have estimated the value of the company, NPV, as

FCF, , + MV,
wey, - FCF MV (25)

I+r,

Then, the degree of mispricing, the extent to which expectations were not met or

were exceeded, is given by

NPV,
. . . _ i b)
mispricing = —— (26)
P g MV,
This can be interpreted as representing the degree of mispricing due to the ability of
the firm to appropriate earnings on its investments over the year. Note that the free
cash flows can only include the cash flows received or disbursed, for the next year’s
market value provides a risk-adjusted estimate of all the cash flow put to other uses

by the company. Therefore, if I, ; and D, represent, respectively, the interest and

dividends paid to debt- and equity holders, then mispricing is
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NPV I, +D. .+ MV
mispricing = = = MMV 1(11 " r)“l @0
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In the present formulation, additional debt or equity invested during the year is
included in the value of the firm at the end of the year, MV, ,. To be rigorous,
market value should be adjusted for all these non-operating transactions, which
include acquisitions and spin-offs, debt issues and retirements, stock issues, buybacks,
splits, exercise of options and warrants, debt/equity conversions, etc. However, the
mean value of firm mispricing in this industry sample was not significantly different
from 1.0. This indicates that these effects are not likely to skew the results found.
although it is possible that they introduce sufficient measurement noise to obscure
valid relationships. Nonetheless, in this preliminary analysis these transactions are

ignored due to their complexity and the lack of complete data.

This valuation model can be expressed in a form suitable for regression
analysis on the industry data sample. With perfect expectations, the degree of market
mispricing is zero, and NPV/MV is equal to one. Presumably, mispricing results
from unanticipated gains (or losses) in investments made by the firm. In the context
of this study, these investments are in knowledge assets, brand name, and in market

power and profitability. If Vi represents the unanticipated value of a knowledge
investment, V, the value of a brand name investment, and f(OCF) and g( S)
account for market power and profitability, then NPV is given as

NPV = MV + Vg + V, + f(OCF) + g(S) (28)
or, expressed in a form suitable for regression,

V 14 \
mispricing = -]%)VZ =1+ MI;/ + M’;/ + f(zg/ﬂ + ifg;) (29)
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Alternatively, mispricing may include scale effects,

NPV = o MV + Vy + ¥, + (OCF) + g(5) | (30)

where « is a multiplicative factor and B is the scale factor. Taking logarithms of both

sides, NPV is expressed as

VR
MV

Vi | g LOCH) 42 (31
BW g M B/v

log(NPV) = log(at) + Blog(MV) + B % v

Model Implementation
The valuation model described by eq. 27 is used as the basis for a regression

model that will be applied to the COMPUSTAT data sample as follows.

Market value is taken as the market value of common stock and the book value
of long-term debt. Interest and common dividends are as reported. As before,
preferred stock is ignored, both its value and dividends. Similar assumptions are used
for knowledge, brand name, and market power variables, namely knowledge assets
(Vp) are approximated as linearly related to the current level of R&D expenditures;
brand-name assets (V,) are approximated by the current level of advertising expense;
the variable representing cash flow is operating income before depreciation (OIBD);

and sales growth is calculated for any given year as a central difference.

The discount rate is calculated separately each year using the Capital Asset
Pricing Model (CAPM). In this model, the discount rate is determined by adding a
risk premium to the current risk-free rate of return to account for market risk.
Idiosyncratic risk is specifically ignored, since it is assumed that investors can
diversify to eliminate firm-specific risk. Market risk is measured by 8, the
covariance of the asset’s return with the market return. Thus, for a given firm, its

required rate of return (rg) is

93



rp =gt B (r, - rf) (32)

where 1y is the risk free rate of return appropriate to a project of this duration, Bg
represents the firm’s risk relative to the market, and (r;, - ry) represents the market’s
excess return over the risk free rate. After Brealey and Myers (1991), the market
excess return is taken as 8.4%. The risk-free rate of return is taken as the 3-year
(nominal) Treasury rate, as obtained from the U.S. Statistical Abstract (1992) for

each of the years of the sample:

vear 3-vear Treasurv rate (%)
1981 11.51

1982 12.53

1983 10.45

1984 11.92

1985 9.64

1986 7.06

1987 7.68

1988 8.26

1989 8.55

According to the CAPM, the discount rate depends on firm risk given by Bg. In
general, By of the firm is not available and must be calculated from the equity B by
"unlevering," assuming the debt is risk-free,

Be

Pr=—%: (3)

(l+f)

where D/E is the firm’s debt-equity ratio. Other models which do not assume riskless
debt could also be used. However, these require knowledge of the firm’s borrowing

rate.

Finally, the market risk of the firm’s equity (Bg) must be determined. Equity
betas are calculated and published by investment services (Merrill Lynch, Security
Risk Evaluation, annually) and can also be calculated from actual firm performance,
using on-line data such as that on the CRSP database. However, for this study,

determining equity 8 from a published beta compilation would require looking up 195
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entries for 9 years, a tedious task. For the larger firms, B¢ is directly available from
the CRSP database, but for smaller firms, its value must be calculated individually.
For this preliminary, methodological investigation, such effort is not warranted and a
much simpler approach has been taken. The equity B¢ used in this preliminary
analysis is a gross approximation: equity 8 for different industries in 1993 were
found from the Value Line Industry Review (1993) and used to determine an average
Bg for the entire data sample for all the years of the study. The different industry

betas are:

o]

ndustry groun hetas

computers and peripherais
computer software
semiconductors

average Bg

[
N W N N
N0 O N

Thus, the implicit assumption in this simplified analysis is 1) that market risk
does not change over the period of the study, and 2) that all firms in the industry bear
the same market risk. The effect of the first assumption is likely minimal, since
industry risk changes only gradually and since this analysis only compares firms in

the same industry.

However, the second assumption - that all firms in the industry bear the same
market risk - can skew the results found. Since all firms are assumed to bear the
same market risk, riskier firms will be preferentially favorably treated, since their
risky cash flows will be discounted at an artificially low rate. This will amplify the
extent of market mispricing observed for these firms, and falsely indicate that they
receive large, unexpected returns from their investments when the actual risk-adjusted
return may simply be at, or even below, the market return. If these risky investments
are correlated with the variables used to describe market mispricing (i.e. a firm may
invest in large amounts of extremely speculative R&D), then the results of the
regression model would falsely value the risky investment. The variable representing
the risky investment would have strong explanatory power, and other variables would

be reduced in importance. The risky investment would thus be interpreted as a source
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of unexpected value when on a risk-adjusted basis it may simply provide an expected
return, and other investments would correspondingly be viewed as providing less

value.

For example, such arguments may be relevant for smaller firms. Empirical
evidence shows that market returns and price variability are greater for small firm
equities (Brealey and Myers, 1991). This may be due to greater market risk.
Alternatively, a lack of information cr simply measurement error due to volatility
may make it difficult to discern the true value of the firm. This can lead investors,
who are risk-averse, 10 imperfectiy diversify and ihus inflaie estimates of markei risk
due to these firms’ greater idiosyncratic risk.

Results and Discussion

Two regression models were applied to the computer and computer electronics

industry data. The models are based on eqgs. 29 and 31, and use OIBD as the

relevant measure of cash flow. These models are as follows:

Linear Model:

. NPV R A OIBD ;
mispricing = ——. = By + BIW + BZW + B Y B,S (34)
Logarithmic Model:
R A OIBD ;
log(NPV) = log(a) + Blog(MV) + B1 7 + BzM.V + B3 i + B4S (35)

An initial correlation study showed that spending in both the current year
(year;) and the next year (year;, ) correlated with firm mispricing. Thus, both sets of

spending are included as possible explanatory variables, i.e.
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o NPV, s R R
mispricin, = —— = ...+ —  t C e—— t.l
Pricie. = Ty R

! 1

(36)

This formulation immediately suggests that collinearity problems. However, several
regressions are described in Appendix 2 that do not include the current year’s R&D
as an explanatory variable. The values and significance of the remaining coefficients
were not substantially different from those of the same variables in the more complete

model.

Table

5.9 presents results for the linear regression model, and Table 5.10

presents the results for the logarithmic model. As before, results are stratified

according to the five criteria used previously:

firm size (total assets):
large firms: book assets > $100M

small firms: book assets < $50M
firm size (number of employees):
large firms: greater than 1000 employees
small firms: less than 300 employees
asset_intensive firms (Tobin’s q):
tangible asset-intensive firms: MV/TA < 1.25
intangible asset-intensive firms: MV/TA > 2.25
highlv capitalized firms (market value per employee):
firms highly capitalized per employee: MV/employee > $200,000
tangible-asset dependent firms (assets per employee):
firms dependent on tangible assets: assets per employee > $100,000
firms less dependent on tangible assets: assets per employee < $60,000
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Complete data set

As seen from Tables 5.9 and 5.10, the linear model has relatively poor
explanatory power when compared to the logarithmic model. The fact that both the
multiplicative and scale factors (« and 8 in the logarithmic model) are close to 1.0
suggest that the logarithmic model fits the data relatively well, and the poor fit
produced by the linear model indicates that the data has wide variation. This is not
completely unexpected, for the entire data set uses the same risk beta, which is
admittedly a gross simplification. Therefore, this model may not be as clear as the
previous two models in defining relationships between parameters, but trends should
nonetheless be evident. In the discussion to follow, interpretations will be based

primarily on the logarithmic model, due to its greater explanatory power.

Before discussing results, some interpretation may be required. In general, if
a given explanatory variable (e.g. R&D) has a consistent effect on firm value. the
signs of the coefficients for the current and next year’s value will change. A positive
coefficient for the next year’s parameter indicates a positive contribution to firm
value, as does a negative coefficient for the current year's parameter. For example,
imagine that R&D always increases firm value. Then, since the next year’s spending
(R&D;, ;) cannot affect the current year’s market value (MV;), only NPV; will
increase and mispricing will increase, resulting in a positive coefficient for R&D, ;.
By the same reasoning, the current year’s R&D, must act to increase the current
year’s market price (MV,) and, perhaps to a lesser extent, the next year’s market
price (MV,, and NPV,). Thus, the net effect will be to reduce mispricing. We
would then expect the coefficient for R&D; to be negative, although its value and
significance may be less than the coefficient for R&D;, ; due to its actions on both

MYV, and NPV;,.

For the data set as a whole, R&D, sales growth and operating cash flow are
significant explanatory variables and each contributes positively to firm value. The
current year’s cash flow and R&D contribute positively to firm value, but the value of

the coefficient and its significance is less, in accordance with the reasoning presented
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above. Advertising appears to be insignificant in explaining changes in value.
However, note that this model is designed to illustrate unanticipated - or
unappropriated - changes in firm value. Thus, the effects of investments in
advertising (a proxy for brand-name reputation, marketplace credibility, etc.) are
apparently well anticipated by investors, whereas the return on R&D investments

cannot always be predicted.

Firm size (total assets)

The results shown in Table 5.10 are interesting, for they indicate that smaller
firms (< $50M in total assets) have positive, significant returns on R&D, while larger
firms (>$100M in assets) have slightly negative, although statistically insignificant,
unexpected returns on R&D. This may be interpreted to indicate diminishing returns.
or only marginally productive R&D in larger firms compared to smaller firms. Such
an interpretation is consistent with the results of Scherer (1989), who finds decreasing
returns to patents as firm size increases. It may also indicate the market’s
unwillingness to fully value R&D in smaller companies, either due to its greater risk
or due to uncertainty as to whether the company will be able to achieve the full
benefits of the R&D (i.e. whether it can appropriate this knowledge). For neither
group of firms is advertising significant, although there is some suggestion, in
accordance with the previous results, that advertising benefits smaller companies,
while larger companies may achieve less-then-hoped returns on advertising spending.
Operating cash flow and sales growth contribute positively to both sets of firms,
although this variable is more significant for larger vs smaller firms, in accordance

with the previous results.

Firm size (number of employees)

Regression results for firm groupings based on firm size as measured by
number of employees closely parallel those for firm size as measured by total assets.
The observations for R&D in small vs large firms - diminishing returns in small vs
large firms, positive unanticipated returns to R&D in smaller firms - are more

strongly supported by this segmentation of the data, while evidence to the ability of
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firms to gain unexpected returns from advertising has less statistical significance.
Operating cash flow and sales growth are equally important and significant for this

grouping of firms.

In particular, the current year’s R&D is statistically significant and contributes
to reducing market mispricing. Thus, its effect is primarily to increase market value
in the year in which the expenditure was made, implying a short time horizon for
R&D in small firms. This may indicate that the R&D itself will rapidly result in
revenues to the company (certainly a reasonable inference in the software industry);
however it may also simply be an early indication of the likely results of the research

and the ability of the company to profit from it.

Asset intensive firms (Tobin’s q)

As expected, firms whose market value depends primarily on tangible assets
show no significant evidence of any unanticipated returns to intangible investment
such as R&D and advertising. Coefficient values are small and statistically
insignificant. By contrast, high MV/TA firms have large coefficients for R&D and
advertising, indicating positive unexpected returns from these investments. High
MV/TA firms are able to achieve high returns from R&D. Coefficient values are
quite large, by factors of 5 - 20 as compared to the entire daia sample. However,
while the returns to R&D are significant and positive, the evidence is not statistically
significant for positive unexpected returns to investments in other intangible capital

stocks, as indicated by the values for advertising.

For both sets of firms, operating cash flow contributes positively to firm
value. However, the coefficient values for low MV/TA firms are smaller and less
significant than for the data sample as a whole, and the current year’s earnings are
unrelated to firm value. By contrast, the coefficient values for high MV/TA firms are
several times larger than the low MV/TA firms or the entire data sample, and both
current and next year earnings are statistically significant. These findings can be

interpreted by considering the predictability of earnings in these firms. In low
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MV/TA firms, value depends primarily on tangible assets. Hence, the uncertainty of
these firms’ earnings is low, and they can be accurately forecasted reasonably well in
advance. Therefore, any change in earnings and cash low is anticipated well in
advance and incorporated into the market price. and the current earnings have little
effect on firm value. By contrast, high MV/TA firms are dependent on intangible
assets, and earnings are not well predicted in advance. Consequently. market value is
volatile and very sensitive to the level of earnings, and returns on unanticipated
earnings are high. For low MV/TA firms, sales growth has explanatory power.
perhaps indicating the market’s view that past performance is a good indicator of the
future, while sales growth is not significant for high MV/TA firms, indicating the

opposite for these firms.

As noted previously, in this research-intensive industry these results for low
MV/TA firms support an alternate explanation. The insignificance of R&D to firm
mispricing can be regarded as a lack of confidence in the ability of these companies to
remain technologically competitive, while the low coefficient values for current cash
flows indicate a general pessimism for the long-term prospects of these firms.
However, the importance of sales growth to market value must then be interpreted as

predicting a change in fortune.

Highly capitalized firms (market value per employee)

We again examine firms which are highly capitalized per employee
(MV/employee > $200,000). Results are very similar to those for firms that are
highly dependant on intangible assets (high MV/TA). There are very large. positive
and significant returns to R&D, and a suggestion, although statistically insignificant,
of positive returns to advertising. Unanticipated changes in market power or
profitability, here approximated by operating cash flow, also contribute significantly
to firm value. These results indicate the market’s willingness to immediately value
investments in intangible assets, presumably due to confidence that the firm will be

able to appropriate the benefit form these investments. As noted, the high value
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placed on both R&D and operating cash flow indicates the market’s confidence in the

firm’s ability to both develop products and market them effectively.

Tangible asset dependert firms (assets per employee)
Finally, we again examine tangible asset-dependent firms based on the amount
of total (tangible) assets per employee, using the same stratification criteria as before

(<$60K and > $100K total assets per employee).

For firms with few tangible assets per employee, neither R&D or advertising
have significant explanatory power, and operating cash flow is the principal
determinant of firm mispricing or unexpected returns. This contrasts with firms
having large amounts of tangible assets per employee, where R&D generates
significant positive unexpected returns. Operating income is now a more important

and more highly significant explanatory factor, and sales growth is also significant.

These findings suggest that for firms with few tangible assets, the market can
base value only on expectations of earnings, hence only changes in earnings correlate
positively with changes in expectations of firm value. R&D is not appropriable, and
provides value only te the extent that it leads to a demonstrable, realizable return,
e.g. via earnings. For firms with greater amounts of tangible assets, however, the
R&D knowledge is presumably linked to the asset base, and so is more readily
appropriated by the firm. Therefore, not only do R&D expenditures lead to greater
returns to the firm’s owners, but the greater confidence in the appropriability of the
earnings generated by the R&D (due to its link with the asset base) results in greater
value being placed on those earnings and on sales growth. The enhanced prospects
for the firm that are created by the R&D efforts of its employees are assimilated into
the firm, whereas for firms with a smaller (per employee) asset base, such knowledge
necessarily remains with individuals, and is appropriated by the firm only to the
extent to which the firm can negotiate with the individual employees. Thus, the
confidence in the realization of those eventual earnings is reduced, and the returns are

less.
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4. Market Valuation of Firm Equity and Unanticipated Returns

The previous valuation model related market mispricing to firm performance
in an attempt to relate unanticipated changes in firm value to firm actions. Results
were somewhat ambiguous, perhaps due to some of the assumptions regarding the
discount rate and model implementation, as noted. However, the structure of the
model itself may have obscured significant relationships. For firms not in financial
distress, debt is nearly risk-free. Effectively, all of the market risk is borne by the
equity holders, and all excess returns are received by them. This study is primarily
concernc? with the returns to risky investments. These returns will be received by
the equity holders, the owners of the firm. Therefore, a different and perhaps more
sensitive measure of market mispricing should examine mispricing in the firm equity
value. In reasoning identical to the previous model, we argue that the ratio of the
present value of actual equity performance to the current market price represents the
extent to which the firm exceeded or disappointed expectations during the time period
studied, and that this degree of market mispricing can be interpreted as describing the

extent to which a firm was able to appropriate the productive effort of its employees.

Model Development
In contrast to the previous model, market mispricing now represents the
discounted present value of payments received by the firm’s equity holders. Ina

development parallel for mispricing of total firm value, we find, on a year-to-year

basis,
NPV . D, , + .
equity mispricing = el o &l el 37
My, MVe,i (I +r)

where D, | represents dividends paid to equity holders and the subscript e refers to

equity.
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Again, this valuation model can be expressed in a form suitable for regression

analysis on the industry data sample, leading to

NPV V v ;
equity mispricing = R B I OCE) + g(3) (38)
MY, MV, MV, MV, MV,

Alternatively, in logarithmic form,

|4 V :
log(NPV,) = log(a) + Blog(MV,) + B M; + B MIj + Bf(]?/fiF) + B g‘;‘? 9

e e e e

Model Implementation

The valuation model described by eq. 37 is used as the basis for a regression
model in exactly the same manner as for firm mispricing, and with the same
assumptions. The only differences are now that market value is taken solely as the
market value of common stock, only common dividends are included, and the
discount rate is calculated separately each year using the CAPM for equity. There is
no unlevering as was required to find the asset beta. As before, the equity Bg used is
the average B for the industries of the data sampie for all the years of the study.
Thus, the same assumptions hold: that risk does not change over the period of the
study, and that all firms in the industry bear the same market risk. As in the firm
mispricing model, a rigorous development should also take into account all non-
operating financial transactions of the firm. However, equity mispricing for the entire
industry sample was not significantly different from 1.0, which suggests that the main
effect of this approximation is to increase measurement uncertainty. Thus, for
simplicity, these additional transactions are also ignored in this equity mispricing

model.
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Results and Discussion
The two regression models used appear as below. Each use OIBD as the

relevant measure of cash flow.

Linear Model:

NPV,

A OIBD

N R ;
equity mispricing = = + + B,S (40)
quity mispricing = —= = Bo + Brgp * Pagpr = B < By
Logarithmic Model:
R A OIBD ;
log(NPV ) = log(a log(MV ) + + + + BLS (41
g( .) g(a) + Blog(MV,) B1 MV, Bz MY, B3 MV, B4 4n

Again, investments in both the current year (year;) and the next year (year;, ;)
are included as possible explanatory variables. Table 5.11 presents results for the
linear regression model, and Table 5.12 presents the results for the logarithmic
model. Results are stratified according to the first four criteria used previously: firm

size (total assets and employees), MV/TA, and highly capitalized firms.

As seen by comparing Tables 5.9 and 5.11, and Tables 5.10 and 5.12, results
for firm vs equity mispricing are nearly identical, although less pronounced and less
significant for the equity-only model as compared to the entire firm model. This is
true for all subsets of the data and all variables, with two exceptions. First, for small
firms, measured either by total assets or number of employees, advertising now
contributes positively to firm value. Thus, these small firms are able to effectively
create value by developing recognition and reputation. The second exception is for
firms highly capitalized on a per employee basis, where advertising now also
contributes significantly and positively to firm value. Each of these findings is
consistent with and supports the results of the first two valuation models.
Conversely, the consistency of results provides support for the validity of these

market mispricing models.
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5. Potential sources of error
Sources of error that may change the results reported here include data

insufficiency, missing explanatory variables, and methodological inadequacies.

Missing data

Missing data reduced the data sample by more than 60%. This high figure is
somewhat misleading, for many companies listed in the COMPUSTAT database in
this industry were founded in the 1981-1989 period and obviously no information is
available prior to public filing. Nonetheless, as described in Appendix 1,
approximately 30-40% of companies had missing or combined data items (identified
by special COMPUSTAT data codes) for critical items such as sales, R&D, and
advertising that restricted their inclusion into the analysis. Even in cases where data
is included, the values bring into question the reliability of the entire data sample.
For example, over the study period, Tandy reported $0 R&D; Silicon Graphics

reported $0 advertising.

Missing explanatory variables

Missing explanatory variables have also been discussed in the text. Potential
variables that may be significant for inclusion into the analysis depend on the model
being studied and the questions being asked. These missing variables may describe
technical factors (number of patents or licensing agreements), market factors (market
share or share growth), employee specific factors (average tenure, level of training),
or financial (firm-specific market risk). In general, the failure to include these factors
would be expected to lead to reductions in explanatory power of the model, but would
not be expected to seriously alter the interpretations, except for one case: the failure

to properly account for firm risk.

As described in the text, use of an industry average market risk 8 in the
market mispricing regression models most likely has led to a skewing of results and
blurring of distinctions of the factors which lead to creation of value and exceptional

returns for firm owners. Use of the industry average B preferentially advantages
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risky firms by undercorrecting for their market risk, and so artificially inflates the
unexpected returns achieved by these firms. If these firms’ risk is due to investments
which are correlated with the explanatory variables in our models (in this industry,
for example, R&D can be a source of value as well as a risky investment). this effect
would be to elevate the significance and explanatory power of these investments while
diminishing the significance of other variables which, on a risk-adjusted basis, might

truly be a source of exceptional value.

In addition to the approximations for the discount rate and individual market
risk, the market mispricing model also used simplifying assumptions in accounting for
non-operating financial transactions between the firm and its owners, creditors, and
other firms. Lacking complete data as to the magnitude and prevalence of these
transactions, it is certain that at a minimum the measurement error in the data sample
has been increased, leading to a reduction in the explanatory power of each of the

market mispricing models.

Methodological errors

Sources of methodological error can be improper explanatory models or
statistical errors due to the improper application of regression methods. The major
sources of statistical error are interaction, multicollinearity, heteroskedasticity and

serial correlation.

The choice of explanatory model has been based on economic and financial
arguments, rather than an empirical basis. There is thus justification for the
regression models chosen. However, a key point of each regression model is the
assumption that the process being modeled is stationary. While this may be true on a
year-to-year basis, it is harder to support over the 9-year period of this study. In
fact, Hall (1993) found that the value for R&D may have declined by as much as
50% over the period 1981-89. This would imply that the regression coefficients
found in the models developed here represent a weighted average for the period, and

that the relative importance of R&D and other intangible assets may be somewhat
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skewed. Various techniques can be used to model a non-stationary process; Hall
addressed this issue by using year dummies (which also addresses the problem of

serial correlation, discussed below).

Interaction and multicollinearity as sources of statistical error do not appear to
be significant. In test regressions, interaction terms had no significance, while
varying the number of explanatory variables did not change the level or significance
of the regression coefficients, indicating that multicollinearity was not important.
Examination of residual plots suggested that measurement error increased with the
value of certain regression variables (MV/TA for example, but not firm size, whether
measured by book or market value). As discussed in the text, this may be due to
measurement error, scale effects, or more fundamental differences between firm
subclassifications (e.g low vs high MV/TA firms). However, when a logarithmic
transformation was made, measurement error was approximately evenly distributed
when plotted as functions of the independent and dependent variables. Therefore,
while the linear models may violate the homoskedastic assumption, this is corrected in

the logarithmic model.

A significant, remaining source of error in these results may be due to serial
correlation. The regression data set included up to 9 years of observations for the
195 firms in the industry. It is very likely that within-firm variables are correlated on
a year-to-year basis. In order to examine serial correlation, lagged residual plots
were made for the linear and logarithmic regressions for Tobin’s q. Lag-1 residuals
were positively and significantly correlated with a correlation coefficient of 0.28 and
0.45 for the linear and logarithmic models, respectively. Using the Durbin-Watson
test for serial correlation, both regressions thus exhibit significant serial correlation.
These could be corrected using the method of generalized differences with an
autoregressive term; however, in this study, a simpler approach was examined.
Several test regressions using the method of first-differences to correct for serial

correlation were calculated. This method overcorrected for serial correlat_ion, as
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lagged residuals were now negatively correlated. However, serial correlation was not

significant under the Durbin-Watson test.

Correction for serial correlation altered the regression results somewhat for
certain of the variables. Both the magnitude and level of significance of the certain of
the regression coefficients changed, although the major trends remained. However, it
is unclear whether the correction for serial correlation actually corrected the
regression results, or whether the correction process introduced problems of its own
due to the unreliability of the data set. The explanatory power of the regression on
the corrected data sample sharply decreased. The missing data in this data set made
correction difficult, as there were many interrupted runs of data. The correction
method of first differences necessarily reduces each 9-year set of observations by 1, a
12% reduction. In addition, due to missing values, further observations had to be
eliminated and the net result of the correction process was the elimination of
approximately 25% of the already reduced data sample. Therefore, the reliability of
the data sample must first be addressed before significant effort is expended to

implement detailed correction procedures.

Based on this discussion, the potential uncorrected sources of error in the
analysis and results reported here are the use of a stationary model to fit a non-
stationary process and serial correlation. In this initial, methodological investigation,
detailed correction procedures are not warranted. Further work must address
completing the data sample and verifying its reliability. Data items that must be
added include, in addition to missing accounting and other data, firm-specific risk
measures. As discussed above, correction procedures which simultaneously address
non-stationarity and serial correlation, such as the use of year dummies, can then be

applied.
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CHAPTER 6 CONCLUSIONS

This study represents a methodological investigation into the value of
intangible capital in firms. Various valuation models were developed and applied to
the computer and computer electronics industry. Conclusions from this study thus fall
in two categories: judgements as to the suitability of the techniques applied, and

conclusions relating to the results found.

The major finding from the industry study is that the value of intangible
knowledge assets is set not by some intrinsic measure, but by how well the firm is
able to translate those assets into products and market power. For smaller firms,
whether measured by assets or employees, a knowledge advantage, in and of itself, is
not appropriable. The analyses presented here strongly indicate that a market
validation is iequired and advertising is the mechanism, or at least the explanatory
variable, which describes the importance of securing an appropriable market
advantage. Value is based not on the promise of ideas (¢.g. R&D) alone, but on the

ability of the firm to turn those ideas into earnings.

For larger firms, the opposite is true: the market value of knowledge assets,
here approximated by R&D spending, is greater. Owners and investors are quite
confident of deriving benefits from ideas that are produced by the company. Thus,
both short-term and long-term value is created: in the short term, by earnings, and in

the long term by R&D.

These differences are not due to any differences in the intrinsic value of these
knowledge assets - indeed, any difference in value is in the direction of greater value
to smaller companies, whose entire future depends on the ideas of its key individuals.
However, its worth to investors is less, as they can not be sure of appropriating the
benefits of that knowledge which may rest with individuals. In larger companies, by
contrast, knowledge is assimilated into the organization, and thus is appropriated by

the firm and is a source of value to the investor.
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These results are confirmed by studying the sources of value for firms that
have the highest capitalization per employee. A high per employee market
capitalization indicates that employee contributions are valuable and that such
contributions are appropriable by the firm. For these firms, R&D is the single most
important source of high market capitalization, while advertising and earnings are also
significant sources of value. Thus, firms which realize maximal value from each
employee not only have effective research organizations which create knowledge and
then allow the organization to assimilate the knowledge gained, but also are skilled at
marketing the resulting products. While the companies in this category could not be
neatly categorized as falling into one particular industry or market (e.g. software
manufacturers), most were recognizable as fitting the above characterization. Firms
in this group are commercially successful innovators and market leaders, including for
example Apple, Compaq, Silicon Graphics, Adobe, Sun Microsystems, Lotus and

Microsoft, among others.

These results are consistent with either the transaction cost or the property
rights theories of the firm discussed in Chapter 2. According to transaction cost
theory, employees will make relation-specific investments for the benefit of the firm,
and cede their option to retain the rights to that investment, only when the firm can
make a credible contract with the employee. Alternatively, according to the property
rights interpretation, employees will cede rights to intellectual property only when
doing so will either increase their bargaining power with the employer, or would
cause them to risk losing access to complementary firm assets which enable them to
pursue their profession. Thus, one explanation for greater returns to R&D in larger
firms is that the advantages of working for larger firms provides greater incentives to
employees as compared to smaller firms; another is simply that employees will accept
lower returns in compensation for the career security provided by larger firms. In
either case, the incentive to transfer rights to the firm is greater. As we have noted
earlier, this does not imply that R&D is less important for smaller firms, but, due to

its reduced appropriability, its worth to investors is less. The risk of the R&D

118



investment is that much greater in the smaller firm, and, when discounted for risk,

the market value of the R&D investment is less.

Results and interpretations were very similar for each of the four different
valuation models used. A valuation approach based on Tobin’s q provided the
strongest differentiation among the different firm classifications in this industry, while
the employee-specific valuation model permitted investments in employees (in R&D,
advertising, and sales) to be valued. The market mispricing model for firm or equity
value represents an innovative, potentially sensitive measure of extraordinary returns
to firm investments. However, future work must first address the reliability and
completeness of the data sample. This would include additional relevant explanatory
variables and missing entries for all the valuation models, and the incorporation of

firm-specific market risk factors for the market mispricing models.
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CHAPTER 7 RECOMMENDATIONS FOR FURTHER WORK

The results of this investigation suggest numerous avenues for further work.

Some of these have been discussed in the text. Others are noted here.

Alternate explanatory variables may be significant determinants of firm value.
These include market factors (market share, market share growth), R&D-related
factors (rate of change of R&D spending, lagged measures of R&D spending, or an
accumulated R&D stock), sales and marketing factors (sales per employee, or rate of
change of sales per employee), efficiency factors (asset turnover or rate of change of
asset turnover), etc. Similarly, mispricing may also be dependent on employee-

specific factors such as MV/employee, R&D/employee, sales/employee, etc.

Insight may also be provided by applying such regressions across industries,

i.e. biotechnology, manufacturing, medical equipment, or across national economies.

An arbitrage pricing model for firm risk, originally developed for equity
valuation (APT), may provide insight into the value and risk of invesiments in
intangible assets and their variations among firms and industries. For example, the
APT can be applied to determine the risk factors associated with expenditures on
intangible assets, and those risk factors can be compared as a function of firm
characteristics. One question that could be addressed within this framework is
whether the variance in market returns, and hence the risk, is explainable by the
measures used here (i.e. R&D/TA, R&D/MV, R&D/employee, per cash flow, etc.).

Nonetheless, the results that have been presented here, although preliminary,
offer insights into success factors for technology-based firms. Such observations, if
validated by more extensive analysis, can potentially serve to confirm economic
theories of the firm. In the short-term, these results should be more carefully verified
and extended by more rigorous statistical analysis, concentrating on one of the models

presented here. Areas of improvement should include:
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Data sample: missing data reduced the data sample by more than 60%. A
more complete and carefully maintained data set should provide more
general results. For example, the economy-wide data set used by Hall
(1993), although based on the COMPUSTAT database, is maintained
by NBER.

Missing variables: multiple potential explanatory variables have been
discussed in the text. One variable that is central to the value and
appropriability of intellectual property, and which should be included in
further analysis, is patent information on a yearly and per company
basis.

Methodological improvements: Numerous methodological improvements can
be implemented to address the deficiencies identified in the text. These
include techniques to model a non-stationary process, such as year
dummies; corrections to account for serial correlation; industry
dummies for an economy-wide analysis, perhaps based on 3- or 4-digit
SIC codes; elimination of outliers (Hall (1993) eliminates outliers at the
4¢ level); categorical variables to account for such factors as size,
R&D spending, etc.; comparison of stock vs flow measures of R&D
and advertising; interaction terms among variables; etc.

Approximations: Approximations such as those of the of the market
mispricing model should be corrected by using firm-specific market
risk measures and more careful accounting for non-operating
transactions of the firm. A more careful treatment of the components
of Tobin’s q - market value of debt and equity, and replacement cost of
assets including PP&E and inventory - such as described by Lindenberg
and Ross (1981) may also clarify results.
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APPENDIX 1 DATA SAMPLE COMPOSITION

The data sample used in this study was obtained from the COMPUSTAT
database for the years 1981-89. Here the relevant SIC codes, companies. and

COMPUSTAT data items are listed.

Companies

Both the COMPUSTAT Primary-Secondary-Tertiary (PST) and the over-the-
counter (OTC) data files were searched. The Primary file contains the larger
companies of greatest interest listed on the NYSE (S&P 400, S&P 40 Financial Index,
etc.); the Secondary file contains 800 more companies of lesser interest; and the
Tertiary file completes the coverage for the New York and American Exchanges.
The OTC file has 850 OTC companies. These files thus include all the firms on the
New York and American stock exchanges, as weli as a large number of smaller firms
that are traded on smaller exchanges (including NASDAQ). All companies in the
COMPUSTAT database that list themselves under the 4-digit SIC codes in the

following table were included in the analysis.
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SIC code | # firms Description Representative companies
3571 23 electronic computers AST Research. Atari, Compagq.
Cray. Dell, Silicon Graphics
3572 15 computer storage devices Conner Peripherals, Iomega,
Maxtor. Quantum, Seagate
3575 4 computer terminals Moniterm. North Atlantic
Industries
3577 24 computer peripheral equipment KeyTronic, QMS. Sun
Microsystems. Symbol
Technologies, Weitek
3579 7 office machines Information International.
Pitney Bowes. Smith Corona
3672 8 printed circuit boards Advance Circuits, Data Design
Laboratories
3679 19 electronic components Augat, Computer Products,
Medicore, Vicor
3695 2 magnetic & optical media TDK
5045 9 peripheral equipment, software Egghead, Inmac. Microage
7371 9 computer programming services | Analysts International,
Computer Task Group,
Technalysis
7372 41 prepackaged software Adobe, Autodesk, Computer
Associates, Interleaf, Lotus,
Microsoft, Novell
7373 22 computer integrated systems Bolt Beranek & Newman,
design Computer Data Systems,
Mentor Graphics
7374 9 computer processing and data Automatic Data Processing,
preparation services Computer Language Research
7375 0 information retrieval services
7376 0 computer management Services
7377 3 computer rentals and leasing Comdisco
7378 0 computer maintenance & repair
7379 0 other computer services
Total 195
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Compustat Variables
The following COMPUSTAT variables were retrieved:

I. Balance Sheet

A. Assets
3 inventory
4 current assets
33 intangible assets
7 PP&E
8 net PP&E
69 other assets
6 total assets

B. Liabilities and Owner’s Equity

5 current liabilities

35 deferred taxes and investment tax credits
74 deferred taxes

9 long term debt, book value

181 total liabilities

60 total, common stock

130  par, preferred stock

216 total shareholder equity

Supplemental Information

179  working capital

240 LIFO reserve

235  liquidation value, common stock
11 tangible value, common stock

10 liquidation value, preferred stock

Supplementary Information
182  beginning value, PPE
30 capital expenditures
187 ending value, PPE
103  depreciation expense
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II. Income Statement

12 sales revenues

41 cost of goods sold

189 SG&A expenditures

13 operating income before depreciation
14 dep'n and amortization

178  operating income

15 interest

272  earnings before taxes, domestic

170  earnings before taxes

16 tax

18 net income before extraordinary items
172  net income

Supplemental

46 R&D expenditures

45 advertising expenditures
42 labor expense

1. Statement of Cash Flows

318 code, funds statement

110  cash flow from operations, use of funds (A,B,C)

308 cash flow from operations, cash flow (D)

180 change in working capital (A)

128  capital expenditures, statement of cash flows (A,B,C,D)
127  cash dividends (C/S and preferred)

V. Miscellaneous

A.

Market
24 closing share price
21 common dividends

Common Stock
25 number of common shares

Other

59 inventory valuation method
29 number of employees
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All cash amounts are in millions of dollars, except share price which is in

dollars. Number of shares is in millions, and number of employees is in thousands.

Many of the data entries contained special codes. indicating special treatment

for the data item. The most frequent (and troublesome) codes are the following:

0.0001 data item unavailable
0.0004 data item combined with other items (individually unavailable)
0.0008 data item insignificant

Data items reported as codes 0.0001 and 0.0004 were treated as unavailable;

data items reported as code 0.0008 were treated as 0.0.
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APPENDIX 2 ALTERNATIVE VALUATION MODELS

Several different regression models and explanatory variables were investigated
during the course of this study. For completeness. a summary of the models used and

results found are provided here.

Market Valuation and Unanticipated Returns

In addition to the models described in the text, three other valuation models
describing firm mispricing were explored. None provided expianatory power or
significance equal to the models described, but. as noted. due to the approximations
involved in calculating cash flows and setting the discount rate, this particular

valuation model is imperfect and results may be skewed.

The first of these relates market mispricing solely to the current year’s
expenditures and performance (i.e. data from year (i+1) alone, vs years (i) and (i+1)
in the model that was presented). The methodological justification is to reduce the
effects, if any, of collinearity. An economic justification is that estimates of firm
value change solely due to actions in the current year, while effects of the prior year’s
investment decisions are already incorporated into the market price. Thus, this model

is, in linear form,

. P NPV’ B ﬁ R
mispricing = —— = By + B,
MV,

. A OIBD: .
+1 +1 +1
b 00 s 0

i

This model was applied in both linear and logarithmic form. As expected,
explanatory power as compared to the fuller model in the text was reduced, yet the
values and significance of the variable coefficients were not substantially different

from those of the same variables in the more complete model.

131



In the second such model, market mispricing is assumed to be related solely to
changes in the fraction of firm value invested in different assets over a given year.

For example, if the change in R&D from one period to the next is given by

AR =R, - R, ()

then the regression model is

NPV AR AA AOIBD
mispricing = _W = B B, + B,

+ S 3)
B‘MV MV T MYV By (

Note that compared to the model presented in the text, this model simply takes the
coefficients for prior and current years' expenditures and sets them equal and opposite
in sign. In addition to focusing on changes in firm variables, it was hypothesized that
such a model would reduce collinearity (or equivalently, serial correlation) in the
explanatory variables. However, this model yielded only minor differences compared
to the results reported in the text. The worth of R&D in larger firms was slightly
increased, but there was no substantial change in the differences between data subsets

or in their interpretation.

The third model in similar to the second model, except now market mispricing
is related to changes in the fraction of firm book assets that are invested in different
types of assets from a given year to the next. Thus, these explanatory variables are

similar to those used to explain Tobin’s q:

s NPV
mispricing = ——
ispr % B Bl Bz |33

OIBD PP S @

While various explanations might be proposed for such a model, it was chosen
empirically. Results with this model suggested that both R&D and advertising reduce
market mispricing, and thus either do not provide unexpected returns to firm owners
or are rapidly incorporated into firm expectations. However, the model showed
reduced explanatory power, and there was little distinction in the results between

different subsets of the data (such as between large and small firms).
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Earnings Valuation Models

Pratt (1989), in describing business valuation approaches, argues that if
intangible assets have true economic value. that value will be reflected in earnings.
Therefore, more reliance should be placed on earnings rather than asset valuation
approaches. Earnings approaches have been taken by others, including Grabowski
and Mueller (1978) and Smirlock et al (1984). One typical such regression model
that has been suggested (Wernerfelt, 1993) is of the form

market price = f(earnings. appropriability of assets) 5

which is applied to the data set as

A/[V = BO + Bl‘f[ + anK + .. (6)

where 7 is a measure of earnings (net income, free cash flow, OIBD, etc.), K
represents the (generalized) knowledge asset (i.e. R&D) and B, B, B; are regression

coefficients.

However, this model presents greater complexities than other models
described, since the reconciliation of intangible items between the income and balance
sheets can be ambiguous. Pratt suggests that all intangible items as well as
amortization charges be eliminated from the income statement. Another approach has
been to correct net income for R&D and advertising by capitalizing R&D based on a

weighted sum of prior year expenditures and assuming a depreciation rate.

Several models of this form were applied to the industry sample data set using,
among others, explanatory variables such as firm size, R&D expenditures, and
various expressions for interactions among the variables. However, none provided
strong explanatory power, nor showed any ability to differentiate between different

subsets of the sample or among the different sources of intangible capital.
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