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Abstract

This thesis examines sources of cross-sectional differences between market value and

book value of equity, i.e., unrecognized net assets (UNA). I identify two sources of

UNA: (1) the existence of positive net present value projects and the ability of a

firm to appropriate and sustain the abnormal profits from these projects, and (2)

accounting measurement rules that are responsible for the conservative measurement

of income and assets. I denote the two sources of UNA as competitive structure and

accounting recognition respectively. The analysis consists of forecasting future book

return on equity (ROE) and explaining UNA.

I conduct two empirical studies. The first study uses a broad sample of Compustat

firms. Competitive structure is measured by industry concentation, capital intensity,

and market share. Accounting recognition is measured by yearly security return, the

amount of one time items, and whether a firm has accounting losses. The empirical

results show that concentration and capital intensity are not strong predictors of fu-

ture ROE, and often negatively affect UNA. Market share is a strong predictor of

future ROE and has a positive relation with UNA for low growth firms. Firms with

slower accounting recognition are found to have more persistent ROE series, and have

higher valuation multiples on current ROE, irrespective of their growth rate.

The second study focuses on pharmaceutical firms. The theoretical model relates

UNA to ROE and R&D. R&D investments are significantly valued by the market,

suggesting they have similar characteristics as capital expenditures, although they

are fully expensed under current accounting rules. The empirical evidence supports
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the four hypotheses. First, pioneering drug manufacturers have a higher coefficient

on ROE and lower coefficient on scaled R&D than generic drug firms due to higher

persistence in abnormal profitability. Second, firms with larger therapeutic market

shares have a higher coefficient on ROE and a lower coefficient on R&D for the same

reason. Third, firms with more patents per dollar R&D investment have a higher

valuation multiple on scaled R&D. Finally, higher growth in R&D investments posi-

tively affects the ROE valuation coefficient, and does not affect the R&D multiple.

My dissertation contributes to the literature on UNA in three ways. First, I ex-

plicitly address competitive structure and accounting recognition. The finance and

industrial organization literature largely ignored the accounting recognition dimen-

sion of UNA, while the accounting literature only recently started to consider the

economic context in which accounting data are generated. Second, I provide new evi-

dence on the empirical validity of a residual income model similar to that proposed by

Ohlson (1995). Third, while prior literature primarily focused on the sign and statis-

tical significance of the valuation coefficients on both accounting and nonaccounting

information, I examine the magnitude of these coefficients.
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Chapter 1

Introduction

This thesis examines sources of cross-sectional differences between market value and

book value of equity. I label the difference as unrecognized net assets (UNA). UNA

relates the amount that the stock market assesses to be the economic value of equity

less the net worth reported by a firm’s management in the financial statements under

the U.S. generalized accepted accounting principles (GAAP). I identify two sources

of UNA: (1) the existence of positive net present value projects and the ability of

a firm to appropriate and sustain the abnormal profits from these projects, and (2)

accounting measurement rules that are responsible for the conservative measurement

of income and assets. The accounting conservatism principle causes an asymmetry

in speed of recognition of positive versus negative market value surprises such that

the latter are faster recognized by the accounting system than the former (see Ryan

(1995) and Basu (1997)). I denote the two sources of UNA as competitive structure

and accounting recognition respectively. The two sources are not mutually exclusive.

Examining cross-sectional differences in UNA is of concern to four parties: finan-

cial analysts, the firm’s management, academic researchers, and regulators. First, for

their forecasts of a firm’s future earnings, financial analysts identify variables that

affect earnings persistence. These elements relate to competitive environment and

accounting recognition. From future earnings they further derive estimates of firm

value. My dissertation presents a formal model that links book return on equity (or,

1



CHAPTER 1. INTRODUCTION 2

accounting profitability) prediction to valuation, and further shows how elements from

a firm’s competitive environment and its accounting recognition affect the valuation

multiple on current accounting profitability. My derivations and results are useful to

analysts, since they show analysts how the stock market functions with respect to

publicly available information.

Second, a firm’s management provides accounting and nonaccounting informa-

tion to investors by means of quarterly and annual reports, conference calls or other

means of communication. Nonaccounting information relates for example to product

development, patent positions, customer satisfaction statistics, and research projects.

By communicating the above information, the firm’s management assumes investors

implicitly value that information. For example, I show how nonaccounting informa-

tion specific to pharmaceutical firms is used to explain cross-sectional differences in

valuation multiples on book return on equity and R&D investments. In particular, I

include patent and drug approval information in a valuation model. Depending on the

size of the patent portfolio or the number of drug approvals, a firm will have higher or

lower valuation multiples in two key accounting measures, book return on equity and

R&D investments. Thus, my formal valuation model that includes both accounting

and nonaccounting information might be very informative for a firm’s management.

Third, several elements of this study are of interest to academic researchers. In

section 1.1 of this chapter, I will highlight some alternative avenues of research that

researchers took to study UNA. I will further discuss my contributions to the existing

literature in section 1.2.

Finally, financial regulators such as the Financial Accounting Standards Board

(FASB) and Security Exchange Commission (SEC) consider differential effects of ac-

counting recognition biases across firms. They are concerned with the accounting

representation of a firm’s asset stock and its income. As a follow up on the Jenk-

ins Committee project (1994), the FASB started its Business Reporting Research
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Project in the summer of 1998 to examine the relevance of currently reported num-

bers to users of financial information. Their approach is to study a few industries in

detail, and to list concerns about the relevance and usefulness of financial reporting

in each particular industry. Therefore, my dissertation research could be useful to

the FASB since it provides a framework to understand the valuation multiples on

key accounting information (such as return on equity) by examining elements from a

firm’s competitive environment and its recognition features.

1.1 Literature Review

Researchers in different fields are interested in understanding cross-sectional differ-

ences between market value and book value of equity. Often a scaled measure is used,

such as the market-to-book ratio. In this section, I give an overview of three streams

of research that explain differences in some measure of UNA (scaled or unscaled)

between firms: (1) finance research, (2) industrial organization research, and finally

(3) accounting research.

1.1.1 Finance Research

The finance literature relates the market-to-book ratio to expected security returns.

Davis et al. (1995) give an overview of explanations for the empirical finding that

firms with low market-to-book ratios have higher average returns than firms with

high market-to-book ratios, i.e. the so-called value premium. Because the capital

asset pricing model (CAPM) does not explain this empirical pattern in average re-

turns, it is typically called an anomaly. There are four common explanations for the

market-to-book anomaly. One explanation says that the negative relation between

the market-to-book ratio and average return is a chance result unlikely to be observed

out of sample.
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Fama and French (1992) and Fama and French (1995) are heavily cited studies

that support a second explanation: the value premium results from the compensation

for risk, since the market-to-book ratio is related to a risk factor. Fama and French

(1995) also relate the market-to-book pattern in returns to the behavior of earnings,

since a common risk factor in security returns must also affect expected earnings if

rational stock prices are discounted expected future earnings. However, despite the

recent efforts of finance researchers to come up with economic explanations for the

market-to-book anomaly, the financial accounting literature is further developed (see

below).

The third explanation for the market-to-book anomaly says that investors overre-

act to firm performance. Low market-to-book firms tend to be firms that are weak on

fundamentals like earnings and sales, while high market-to-book firms tend to have

strong fundamentals. Investors irrationally overreact to performance and assign low

values to weak firms and irrationally high values to strong firms. DeBondt and Thaler

(1987) are proponents of this view.

The fourth explanation for the value premium is that it traces to the value charac-

teristics of stocks. That is, characteristics such as growth and distress drive expected

returns, and investors like growth stocks (strong firms with high market-to-book ra-

tios) and dislike value stocks (weak firms with low market-to-book ratios). That be-

havioral explanation does not require overreaction as in the third explanation. Davis

et al. (1995) find empirical evidence that supports the risk explanation and rejects

the characteristics hypothesis.

Overall, the market-to-book ratio serves as an important determinant of expected

returns in the finance literature. Recently, some finance researchers, such as Fama

and French (1995), relate the market-to-book ratio to fundamentals, such as earnings

and sales. However, these are accounting numbers and subject to accounting mea-

surement. Finance researchers do not explore the accounting measurement effects on

UNA, and by doing so, they might overlook an important source of UNA. I will
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integrate both economic (e.g., existence of positive NPV projects) and accounting

measurement elements in one model to explain differences in market-to-book ratios.

1.1.2 Industrial Organization Research

Industrial economist use the Tobin’s q measure to compare the market value of a firm

to the replacement cost of its assets. Tobin’s q is usually calculated as the ratio of the

market value of outstanding financial claims on the firm (equity, debt and preferred

stock) to the current replacement cost of the firm’s assets (Lewellen and Badrinath

1997). The q ratio is related to the market-to-book ratio, where the latter compares

market value of equity (compared to all sources of financing in the q ratio) to net

assets (compared to total assets in the q ratio). The original use of the q ratio was

to analyze the investment decision, and to pursue the macro-economic implications

thereof. If q is greater than 1, the firm has an incentive to invest, since the value of

capital to the firm exceeds the purchase price of capital. More recently, the q ratio has

been used as an index of market power or corporate performance. For a competitive

firm, one would expect q to be close to one, and q is increasing with monopoly power.

In a market with free entry, firms can enter by purchasing the same capital stock as

the incumbent firms. Thus, in the absence of barriers-to-entry or exit, q will be driven

down to one as new firms enter. The q ratio exceeds one for a firm that exercises

market power, as investors bid up the stock market value to reflect the present value

of future economic profits. Investors may place a high value on a firm, relative to

the cost of its assets, because they anticipate that the firm will earn economic profits

in the future (Martin 1993, pp.514-515). Empirical economists relate Tobin’s q to

measures of profitability.

Since Benston (1982), there has been a continuing debate in both the economics

and accounting literature on the relation between accounting data and economic re-

ality. Benston argues that accounting data cannot be used by economists because

the interpretation of accounting data requires idiosyncratic knowledge about the en-

vironment that generates the data. For example, a deficiency of the q ratio is that it
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does not include intangible capital in the asset base (Klock et al. 1996). An impor-

tant issue in my dissertation is to explicitly address accounting recognition features

and their role in explaining differences between market value and book value of equity.

Another stream of research in industrial organization (or empirical economics)

studies the origins of competitive advantage to better understand differences in q ra-

tios. Knowing that IBM has a q ratio of 4.21 does not tell us why IBM has a q of

4.21 (Martin 1993). Innovation is often viewed as a key source of competitive advan-

tage. Valuing innovation assets or intangible capital becomes an important exercise in

explaining security prices and differences between market and book values. Since Ben-

ston’s critique on the usefulness of accounting data in empirical economics research,

economists have been using market value as a measure of innovation returns.1 IO re-

searchers use R&D investments, patents, technology spillovers to construct measures

of intangible capital. They then assess the private and social returns to innovation

(R&D), productivity of R&D investments, firm performance and competition within

industries. I refer to Encaoua et al. (1998) and Martin (1993) for an overview on

these issues.

To summarize, industrial economists are interested in comparing market value to

book value of the firm. To better understand the level of the Tobin’s q ratio (i.e.,

the measure used by economists to compare market value to book value of a firm’s

assets), economists construct intangible capital measures. Their ultimate goal is to

quantify the private returns to innovative activity and to understand the contribution

1A typical IO model views the market value of a firm as a function of the set of assets available to
the firm (Hall 1999). Economists often take a linear or Cobb-Douglas function to describe the func-
tional form, and treat the assets of a firm (tangible and intangible) as additively or multiplicatively

separable. For example, a Cobb-Douglas specification of firm i’s value is : MVit(A, I) = qtA
δt−αt
it Iαtit ,

where A represents the tangible assets and I the intangible assets, q is a positive constant represent-
ing the state of technology, α is the relative share of I in MV (or, shadow value of intangible assets
relative to tangible assets), and δ is a parameter indicating constant (δ = 1), increasing (δ > 1), or
decreasing (δ < 1) returns to scale. If there are constant return to scale, as it will be approximately
in the cross section, it is possible to transform the model into: log(MVit

Ait
) = log(qt) + αt log(

Iit
Ait
).

An empirical specification regresses the logarithm of a firm’s Tobin’s q ratio on an intercept and the
logarithm of the ratio of intangible to tangible assets. The estimated intercept then represents the
logarithmic average of Tobin’s q for the sample. Various measures for intangible capital are used as
proxies for I, such as patent stock or R&D capital.
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of innovation to economic growth. They want to provide a guide for strategies to close

the gap between private and social returns to innovation. A byproduct of this goal

is the desire to calibrate measures such as patent counts or innovation counts using

market-based measures like firm value (Hall 1999). In this dissertation, I will rely

on the IO approach to study intangible capital and to derive elements from a firm’s

competitive environment.

1.1.3 Accounting Research

I distinguish between theoretical and empirical research in accounting that contributes

to a better understanding of differences between market value and book value of eq-

uity.

Theoretical accounting researchers developed the residual income valuation model

that explains UNA. The concept of residual income or abnormal earnings dates back

to Preinreich (1938). Edwards and Bell (1961) and Peasnell (1982) suggest a valu-

ation model that expresses firm value as the sum of accounting book value and the

present values of all expected future residual incomes. But it is Ohlson (1995) who

provides an important impetus to the modelling of the links between firm value and

accounting numbers by developing the residual income-based valuation relationship.

Making the assumptions that book value of equity is an unbiased estimator of firm

value and that residual income is generated by a zero-mean stationary time series

process, Ohlson derives a model in which market value of equity is expressed as a

weighted average of book value of equity and current earnings. The model provides

an important illustration of how a theoretically supported accounting-based valuation

model incorporates knowledge of the time-series properties of earnings. The valuation

model is especially useful for this dissertation since it directly expresses UNA as a

function of expected residual income. Thus, elements that affect the prediction of

future residual income, such as competition or accounting recognition, are expected

to affect UNA. Chapter 2 of this dissertation discusses the Ohlson valuation model

in detail and also presents alternative specifications.
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I consider five streams of empirical accounting research that study differences

between market value and book value of equity.

1. The first stream of empirical research focuses on the empirical implementation

of Ohlson’s residual income valuation model. The Bernard (1995) study is one

of the earliest studies to do so. Bernard views the shift from explaining stock

price behavior towards a focus on predicting future earnings and future growth

in book value as a major contribution of Ohlson. To apply the valuation model

in an empirical setting, it is necessary to specify how observable data are used to

form expectations about future abnormal earnings. Bernard sees this as the key

step in the empirical research design and, ultimately, the step that distinguishes

one study from another. Bernard uses Value Line earnings forecasts to predict

future abnormal earnings. His results indicate that the forecasted accounting

variables explain on average 68% of the variation in price per share, compared

to 29% when forecasted dividends are used.

Dechow et al. (1999) is another noteworthy study that puts the Ohlson model

into an empirical context. They establish that the key original empirical im-

plications of the Ohslon model stem from the information dynamics that link

current information to future residual income. Their empirical tests generally

support Ohlson’s information dynamics.

Lo and Lys (2000) provide a good overview of the contribution, limitations and

empirical applications of the Ohlson model. They state that any empirical test

of the Ohlson model is a joint test of the three main assumptions: dividend

discount valuation model, clean surplus, and information dynamics. However,

some empirical studies focus on one aspect of the Ohlson model. For example,

Bar-Yosef et al. (1996) examine the empirical validity of the AR(1) information

dynamic assumption. Qi et al. (2000) investigate the time series properties

of the key variable in the Ohlson model, i.e., market value, book value and

residual income. Finally, Francis et al. (2000) compare the Ohlson model to

the dividend discount model and discounted free cash flow model, and find that
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the first model generates intrinsic value estimates that are most accurate and

explain more of the variation in security prices than the two other models.

2. The second stream of empirical accounting research focuses on accounting recog-

nition delays or conservatism as a source of UNA. Beaver and Ryan (1993),

Ryan (1995) and Beaver and Ryan (2000) show that the book-to-market ratio

(i.e., the inverse of the market-to-book ratio) can be expressed as a function

of current and lagged changes in market value. The coefficients of correlations

between book and market values of equity decline smoothly toward zero as the

lag increases. Beaver and Ryan (1993) argue that the difference between market

values and book values of equity (UNA) is the cumulative unrecognized gains

and losses summed over the current and the past years and summed across

each vintage of assets. Because unrealized gains are not directly observable,

they take changes in market value as a proxy for unrealized gains in the empiri-

cal analysis. Beaver and Ryan (2000) extend their earlier work by decomposing

the book-to-market ratio into two components, a bias and a lag component.

The bias component represents the persistent difference between book value

and market value (MV > BV ), and the lag component represents unexpected

economic gains or losses that are recognized in book value over time rather than

immediately. They hypothesize and empirically find that the bias component

of the book-to-market ratio has more persistent cross-sectional association with

future book return on equity than does the lag component. Both the bias and

the lag component result from joint effects of the accounting recognition process

(e.g., historical cost) and the economic environment (e.g., existence of positive

NPV projects).

In this dissertation, I propose explicit empirical proxies for the economic or

competitive environment (e.g., market share or industry concentration) and the

accounting process (e.g., R&D expensing or one time items) and relate both set

of proxies to UNA.

3. A few empirical studies focus on one particular type of conservatively measured
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asset in explaining UNA. I cite five studies that examine the effect of research

and development (R&D) expensing on UNA. I discuss these studies because I

will focus on the R&D accounting issue in more detail in chapter 4.

Hirschey (1982) and Hirschey and Weygandt (1985) conduct a market-based

investigation of advertising and R&D as intangible capital. First, they construct

a measure for R&D capital that characterizes R&D capital as the infinite sum

of past R&D investments. A constant portion of current R&D investments will

carry over to subsequent periods. Next, they linearly relate a firm’s market value

of equity to their R&D capital construct and control for other elements that

affect market value, such as industry concentration, book value of equity, and

growth. From the valuation multiple on current R&D expense, they derive the

R&D capitalization or depreciation factor used in their R&D capital measure.

Lev and Sougiannis (1996), Lev and Zarowin (1998), and Lev and Sougian-

nis (1999) take a different approach than the previous two studies to assess

intangible capital. They define R&D capital as the sum of unamortized past

R&D expenditures, i.e. those expenditures that are expected to generate cur-

rent and future earnings: RDCt =
∑T

τ=o ατRDt−τ , where αt =
∂OIt
∂RDτ

, RDt is

R&D expense at time t, and OIt is operating income at time t. Thus, ατ is

the contribution of a dollar R&D investment in year t− τ to current operating

income and is estimated from a distributed lag model with OIt as a dependent

variable.

The authors argue that the earnings-based R&D capital calculation is preferred

over the market-based measure in the previous paragraph, since the former

avoids the circularity in the use of market prices to estimate values of assets

and liabilities. The circularity arises from the general presumption that mar-

ket values are affected by reported financial information, and therefore market

values cannot be logically used to determine the values of financial variables,

in this case R&D capital. Furthermore, the estimation of R&D capital from

market values precludes one from investigating the extent of market efficiency

with respect to R&D.
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However, Hirschey and Weygandt (1985) note two important drawbacks with

the earnings-based approach that relies on the estimation of the partial deriva-

tives ατ . One problem in distributed lag models is to determine the truncation

point or lag length, i.e., how long do current R&D investments affect future

earnings. Another problem is that distributed lag models are subject to impor-

tant omitted variable bias.

4. Some studies focus on specific nonfinancial information to explain variation in

market-to-book ratios. An influential paper in this area is Amir and Lev (1996).

They examine the role of nonfinancial information in the wireless communica-

tion industry in the period 1984-1993. In particular, they use customer coverage

(number of subscribers in a service area), the total population in a licensed ser-

vice area (indicates the growth potential of the licensed operator in a service

area), and the cost of adding a subscriber as nonfinancial performance measures.

They find that the traditional financial variables (earnings, book values and cash

flows) are largely irrelevant for the valuation of cellular companies. However,

when combined with their nonfinancial measures, these variables contribute to

the explanation of UNA. The importance of their finding is in demonstrating

the complementarity between financial and nonfinancial information, as well as

suggesting that the traditional focus of accounting researchers on the former is

too restrictive.

Deng et al. (1999) and Holthausen et al. (1995) use patent-related bibliometric

information to measure innovation. R&D investments do not provide any indi-

cation about the output of commercially viable innovations or inventions. On

the other hand, the number of patents granted in a specific year is a measure

of innovation that is output oriented. The two studies also use patent citations

as a less noisy innovation indicator than a simple annual patent count. Deng

et al. (1999) find that the number of patents approved and the patent citation

measures are strongly associated with the market-to-book ratio.

Recently, a few studies examine nonfinancial information in the internet indus-

try. In particular, Demers and Lev (2000), Trueman et al. (2000a), Trueman
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et al. (2000b), and Rajgopal et al. (2000) use internet website traffic metrics

as drivers of firm value. For example, Demers and Lev (2000) have the follow-

ing three webtraffic variables: (1) the attraction of new visitors to a website

(or, “eyeballs”), (2) the retention of visitors at a site, and (3) the ability to

generate repeat visits from surfers who have been attracted to the site in the

past. They regress the market-to-book ratio on current return on equity (ROE)

and their webtraffic measures. They report an increase in R2 from 19.4% in the

model that only includes ROE to 76.6% in the model that includes nonfinancial

information for the year 1999.

To summarize, the above studies examine the role of specific nonfinancial in-

formation in explaining UNA by regressing market value, market-to-book, or

stock returns on summary accounting numbers (such as book value or earn-

ings) and nonfinancial information variables. Statistically significant regression

coefficients on the explanatory variables is interpreted as an indication of the

value-relevance of these variables.

5. Finally, some studies relate UNA to the financial health of a firm. These studies

examine the weights on earnings and book value of equity in a valuation model,

and find that the weights (or valuation multiples) vary according to the financial

health of a company.

Barth et al. (1998) show that the valuation multiple on book value of equity

increases and the multiple on earnings decreases as financial health deteriorates.

Burgstahler and Dichev (1997) and Burgstahler (1998) propose an option-style

valuation model to show that the market value of equity is a convex function

of earnings and book value. Earnings provides a measure of how the firm’s

resources are currently used, while book value provides a measure of the value

of the firm’s resources, independent of how the resources are used. The convexity

relation predicts that when earnings/book value is low, the firm is more likely

to exercise the option to adapt its resources to a superior use, and book value

becomes the more important determinant of equity value. Their results seem
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to confirm that prediction.

1.2 Contribution

My dissertation research contributes to the existing literature on UNA in three ways.

First, I explicitly address two sources of UNA: competitive structure and ac-

counting recognition. The finance and IO literature largely ignored the accounting

recognition dimension of UNA, while the accounting literature only recently started

to consider the economic context in which accounting data are generated (e.g., Amir

and Lev (1996) and Demers and Lev (2000)). I conduct two empirical studies in this

dissertation, one that uses a broad cross-sectional sample of Compustat firms, and an-

other that only uses pharmaceutical preparation firms (drug companies). In the first

study, I characterize the competitive environment by industry concentration, market

share, and barriers-to-entry. Accounting recognition is captured by differentiating be-

tween positive and negative earnings firms (loss firms have shorter recognition lags),

between firms with and without negative one time items (i.e., special or extraordinary

items), between firms with positive and negative security returns (negative security

return represent bad news and is faster reflected in earnings than positive security

returns). In the pharmaceutical industry study, I use firm type (generic versus pi-

oneering drug firms), patent applications, and overall therapeutic market share as

nonfinancial measures. I develop a theoretical model to characterize the accounting

recognition bias in earnings and book value of equity due to R&D expensing.

Second, I provide new evidence on the empirical validity of a residual income model

similar to that proposed by Ohlson (1995). There are three distinctive elements with

prior literature.

1. I specify both residual income prediction models and residual income valuation

models that include nonfinancial information. That allows me to test the useful-

ness of accounting and nonaccounting information in predicting future earnings

in two different empirical settings. Studies such as Amir and Lev (1996) or the
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recent internet stock valuation papers ignore the question of the usefulness of

information in predicting future earnings (or residual income, or book return

on equity), which is part of fundamental analysis.

2. In contrast with prior studies such as Dechow et al. (1999) and Begley and

Feltham (1999) that rely on financial analyst earnings forecasts to derive em-

pirical proxies for other information, I explicitly determine other information

proxies taken from a firm’s competitive environment (see above). Financial

analyst forecasts are based on both accounting and nonaccounting information

that is sometimes not publicly available. I wish to study sources of UNA that

can be explicitly addressed by using publicly available information.

3. Finally, I propose and carry out several specification tests for both the account-

ing profitability prediction model and the valuation model that are new in the

literature. For example, if the residual income model is correctly specified, then

an implicit cost-of-capital is derived from the structural restriction between the

intercept and the coefficient on ROE in the valuation model (see chapter 2 for

details).

Third, while prior literature primarily focused on the sign and statistical signifi-

cance of the valuation coefficients on both accounting and nonaccounting information,

I examine the magnitude of these coefficients. I extend the empirical accounting lit-

erature that relates the valuation coefficient of earnings and book value of equity to

the financial health of a firm (e.g., Barth et al. (1998)) by making additional pre-

dictions on the valuation coefficients. For example, I show how the coefficient on

book return on equity (ROE) varies with accounting recognition features or with

competitive structure variables. By doing so, I achieve a better understanding of the

value-relevance of reported financial accounting information (such as earnings, book

value, R&D expense), and the usefulness of nonfinancial information in predicting

future accounting performance and explaining UNA.
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1.3 Organization of the Thesis

This thesis is organized as follows. Chapter 2 presents the valuation model of this

thesis. I discuss the residual income valuation model as proposed by Ohlson (1995)

and give three alternative specifications. The difference between the specifications

relates to the linear information dynamic that describes the stochastic process of ab-

normal earnings. I also include a section with empirical implementation issues.

Chapter 3 presents the first empirical study. I use the valuation models described

in chapter 2 to study cross-sectional differences in unrecognized net assets on a broad

sample of Compustat firms. I use two sets of proxies for UNA, one set relates to the

competitive environment in which the firm operates, while the other set relates to

accounting recognition features. Both sets affect the prediction of future abnormal

earnings, and therefore UNA. The statistical analysis in the chapter consists of two

parts: prediction of future return on equity and estimation of the valuation equation.

Chapter 4 presents the second empirical study. The chapter examines sources of

cross-sectional differences in UNA in the pharmaceutical industry. The first section

presents an overview of the pharmaceutical industry and motivates why that indus-

try is an ideal setting to study UNA. The next section discusses a formal model to

analyze accounting bias in reported return on equity caused by R&D expensing. The

R&D related valuation model is explained in the third section of the chapter. Similar

to chapter 3, I present a model to predict future book return on equity. The empiri-

cal design includes a hypothesis, a sampling, variables and econometric specification

section. After providing descriptive statistics, I discuss the regression results for the

valuation and return on equity equation.

Chapter 5 summarizes and concludes the thesis. I include six appendices in the

dissertation. These appendices relate to derivations underlying results in prior chap-

ters, or tables with industry classifications, sample firms and definitions used in the

two empirical studies of this dissertation.



Chapter 2

Valuation Model

2.1 Overview

This chapter discusses the theoretical model that is used to explain cross-sectional dif-

ferences in unrecognized net assets (UNA). In particular, I adopt the Ohlson (1995)

residual income model and derive three alternative scaled versions of that model. All

three models explain scaled unrecognized net assets. Since I choose to scale the equa-

tions by book value of equity (motivated in section 2.3.1), the models express scaled

UNA as function of return on equity. The latter is considered a key variable in the

valuation literature.

Before developing my own valuation models, I discuss the original Ohlson (1995)

model and its underlying assumptions in section 2.2.1. Forecasting a firm’s future fi-

nancial performance is an essential ingredient in the model. As Bernard (1994) states,

the specification of a relation between current accounting numbers (and nonaccount-

ing numbers) and expected future residual income is an essential part of valuation

analysis. The linear stochastic process describing the time series of residual income is

called linear information dynamics [hereafter LID]. I discuss the LID used by Ohlson

(1995) and specify three alternative LIDs. I eventually propose a scaled LID, or a

model that forecasts future return on book value of equity (ROE).

16
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The other information term is a central concept in the model. To implement

the model empirically, one needs to specify other information. Previous studies used

I/B/E/S analyst earnings forecasts to calculate other information. However, analyst

earnings forecasts give no insight into the kind of information used by the analysts to

forecast earnings. Since I specifically want to address other information, I introduce

different other information proxies into the LID and the valuation model. I discuss

these proxies in more detail in the next chapters. I derive three valuation models

from the Ohlson model.

The first valuation model (2.31) expresses scaled UNA as a function of book value

of equity, return on equity, and proxies for information that are useful in predicting

future abnormal earnings. The underlying assumptions of the model are that (1)

value is determined by the dividend discount model with a constant cost of capi-

tal, (2) clean surplus is satisfied, and (3) a scaled version of LID2 (2.25) represents

the stochastic process of abnormal earnings. The regression specification allows me

to study the value relevance of elements from a firm’s competitive environment and

accounting recognition process that serve as proxies for other information. I also re-

late the valuation coefficients to the coefficients in the ROE prediction model (2.26).

Predictive ability of the other information proxies for future ROE is a necessary con-

dition (but not sufficient) for these proxies to be value relevant. Finally, the model

imposes a restriction on the intercept and coefficient on ROE, such that the implied

cost of capital is equal to the (negative) ratio of these coefficients.

The second valuation model (2.32) ignores other information and is based on the

LID3 assumption on abnormal earnings. The valuation model simply expresses scaled

UNA as a function of ROE and gives no insight into information other than ROE

that might be value relevant. The model serves as a benchmark in the empirical

analysis.

In the third valuation model (2.33), other information is embedded in the per-

sistence of the abnormal earnings forecast error. The model is based on the LID4
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assumption and expresses scaled UNA as a function of current and one year lagged

ROE. Higher forecast error persistence leads to a higher valuation coefficient on

lagged ROE. The corresponding ROE prediction model is given in (2.21).

The chapter is organized in three parts. Part 2.2 explains the residual income

valuation model. I explain Ohlson’s (1995) original specification in section 2.2.1, and

I describe three alternative specifications in section 2.2.2. I discuss some empirical

implementation issues, such as omitted variable bias, scale-related bias, survivorship

bias in section. These issues are addressed in the empirical chapters of this disser-

tation. Part 2.3 discusses several ROE prediction models, or scaled versions of the

LIDs in part 2.2. Finally, part 2.4 presents the ROE-based valuation equations that

will be empirically implemented in the other chapters of this dissertation.

2.2 Valuation Model: The Ohlson Framework

2.2.1 Original Specification

An important element of this dissertation is a specification of the valuation model.

The valuation framework leads to the hypotheses related to the two research questions.

For the empirical tests in this dissertation, I adopt a residual income valuation model

similar to the Ohlson (1995) model. Since it is necessary to understand the Ohlson

model and its empirical implications before applying a modified version, I start with

a critical discussion of the original Ohlson (1995) framework. Here, market value of

equity is expressed as a function of current book value of equity and future abnormal

earnings:

MVt = BVt +
∞∑
τ=1

ρτEt[NIat+τ ] (2.1)

where MVt is market value of equity, BVt is book value of equity, ρ = 1
1+r

and r is

the riskfree rate, Et[·] is the conditional expectation operator, and NIat is abnormal
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earnings defined as NIt − rBVt−1. Eq.(2.1) is based on three assumptions: dividend

discount model holds, clean surplus relation (BVt = BVt−1 + NIt − Dt), and the

abnormal earnings definition. Appendix A explains in detail how eq.(2.1) is derived

from the dividend discount model.

The valuation model (2.1) is not a good candidate for empirical testing. A rejection

of (2.1) would be equivalent to market prices not being equal to the present value

of expected future dividends. As Dechow et al. (1999), Hand and Landsman (1998)

and Lo and Lys (2000) point out, the key empirical implications of the Ohlson model

derive from another major assumption of the model, the linear information dynamics

(hereafter LID) that describes the stochastic process underlying abnormal earnings:

NIat+1 = ωNIat + νt + ε1,t+1

νt+1 = γ νt + ε2,t+1
(LID1)

where ω is abnormal earnings persistence, νt is other (not yet recognized) information,

i.e. the effect on NIat+1 that is not captured by the persistence parameter ω, and the

zero-mean ε2,t+1 captures the effects of random events influencing other information.

The error terms are uncorrelated, and have variance σ2
1 and σ2

2 respectively. I have

four observations to make on Ohlson’s LID specification.

First, the LID assumption models abnormal earnings and other information as

autoregressive stochastic processes of order one. The one-period lagged information

dynamic is typically assumed in the work of Ohlson and Feltham-Ohlson, but Bar-

Yosef et al. (1996) argue that a multilagged information dynamic as well would be

consistent with the Ohlson valuation framework. Ryan (1995) and Beaver and Ryan

(2000), for example, suggest more than one lag, since it can take up to nine lags

(years) for the book-to-market ratio to adjust to market shocks.

Second, the νt term represents information that is determined at the end of period

t and that is unrelated to current earnings and dividends. νt is indirectly observed by

the market before it affects reported earnings, but it affects abnormal earnings at time
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t+1 and later (Walker 1997). Ohlson (1998) shows that νt can be inferred from LID

by taking the conditional expectation of the first equation: νt = Et[NIat+1] − ωNIat .

Thus, νt is next period’s rational, full information expectation of abnormal earnings

less the autoregressive forecast of next period’s abnormal earnings. The distinction

between νt and ε1,t+1 is that νt is partially forecastable while ε1,t+1 is completely non-

forecastable. Also, the second stochastic equation shows that predictions of future

νt+τ depend on νt but not on NIat (where τ ≥ 1). Ohlson (1998) defends the pres-

ence of νt in LID1 by saying that the assumption that current abnormal earnings can

substantially explain the difference between market and book value of equity seems

far too strong. However, often νt is omitted in empirical studies that use the Ohlson

valuation model; exceptions are Dechow et al. (1999) and Hand and Landsman (1998).

Third, Lundholm (1995) shows that the LID assumption has an interesting conse-

quence for dividends in the valuation model: paying dividends reduces next period’s

earnings by the amount of the return r the firm could have earned on the assets. This

can be seen from the following equation for earnings:

NIt+1 = rBVt + ωNIat + νt + ε1,t+1 (2.2)

where NIt+1 represents next period’s regular earnings. Regular earnings consist of

a normal part, rBVt, an abnormal part, ωNIat , other information νt, and a random

shock. Paying dividends reduces book value of equity dollar for dollar, but does not

affect current earnings. This follows from the clean surplus assumption. Therefore,

NIat in eq.(2.2) is unaffected by paying Dt, but BVt is reduced by Dt. This property of

LID is consistent with the Modigliani-Miller dividend irrelevance assumption: an in-

cremental dollar of dividends reduces the market value by exactly one dollar (through

a reduction of BV ), and the reduction of expected future earnings is exactly offset

by the reduction of normal earnings, resulting in a zero change of expected future

abnormal earnings.

Fourth, LID can be rewritten in terms of current and past abnormal earnings (see
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appendix A.2):

NIat+1 = (ω + γ)NIat − ωγNIat−1 + ξt+1 (2.3)

where ξt+1 = −γε1,t+ε1,t+1+ε2,t. In other words, one period ahead abnormal earnings

are fully captured by current and one year lagged abnormal earnings. Abnormal

earnings further back in time are irrelevant. If we assume ω and γ to be non-negative,

then eq.(2.3) leads to a negative coefficient corresponding with NIat−1. Interestingly,
eq.(2.3) gives rise to a MA(1) variance-covariance structure of the error ξt (Goldberger

1991, p.282):

E[ξξ′] =




(1 + γ2)σ21 + σ22 −γσ21 0 · · · 0

−γσ21 (1 + γ2)σ21 + σ22 −γσ21 · · · 0

0 −γσ21 (1 + γ2)σ21 + σ22 · · · ...
...

. . .
. . .

. . .
...

0 · · · −γσ21 (1 + γ2)σ21 + σ22 −γσ21
0 · · · · · · −γσ21 (1 + γ2)σ21 + σ22




An important property of the above structure is that the covariances of the errors

have a short memory, meaning that there is zero correlation between errors that are

more than one period apart from each other. It is an empirical issue to determine

whether abnormal earnings behave according to this particular LID structure. One

can also see that the variance-covariance structure reduces to a simple diagonal ma-

trix, σ2
I = (σ2

1 + σ2
2)I, if νt is a pure random shock with zero persistence. This

simplified structure is accomplished by setting γ equal to zero in the second stochas-

tic equation of LID.

The specific LID assumption for abnormal earnings is chosen by Ohlson to make

analytical derivations easier, and is not motivated on empirical grounds. He derives

a closed-form linear valuation solution based on eq.(2.1) and (2.2):

MVt = BVt +
ω

1 + r − ω
NIat +

1 + r

(1 + r − ω)(1 + r − γ)
νt (2.4)
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In words, market value is expressed as a linear function of current book value, cur-

rent abnormal earnings and current other information. Observe that no error term(s)

appears in eq.(2.4) since MV is an expected value conditioned on the date t infor-

mation. The empirical implementation potential of the above linear pricing formula

stems from the fact that no explicit forecasts of future dividends are required, nor

are additional assumptions about terminal value (Dechow et al. 1999); everything is

stated in current numbers.1 Model (2.4) is different from the dividend discount model,

or the abnormal earnings representation in eq.(2.1), since both require forecasts of

future dividends, earnings and book values. Unfortunately, empirical researchers do

not observe νt, and often it is omitted from the analysis (see next section).

This dissertation identifies several proxies for ν, derived from economic theory

of the firm and characteristics of the accounting recognition model. Bar-Yosef et al.

(1996) point out that despite the potential benefits of the Ohlson framework, account-

ing empiricists have been taking eq.(2.4) at face value without considering that the

equation is conditioned on the assumed LID. Changing the information dynamic im-

plies a change of the valuation equation. The next section discusses some alternative

LIDs and the resulting valuation equations.

2.2.2 Alternative Specifications.

As indicated in the previous section, the LID assumption is an essential part in im-

plementing the residual income model. Several possible LID specifications are found

in the literature. I discuss three different LIDs. In the next section, I discuss some

empirical implementation issues.

1Traditional valuation analysis uses predictions of future dividends, or free cash flows, and applies
the dividend discount model to compute the fundamental value of a firm. Bernard (1995) and
Frankel and Lee (1998) implement Ohlson’s abnormal earnings discount formula (i.e., eq.(2.1)) by
using analyst earnings forecasts, and by assuming some dividend payout ratio. Analysts generally
split the forecasting into two stages (Ohlson and Zhang 1999): the first stage develops relatively
detailed forecasts of financial statement line items up to some preselected horizon date; the second
stage considers long term forecasts beyond the horizon date. The infinite sum in eq.(2.1) is therefore
approximated by a two stage finite horizon formula. To forecast the terminal value in that formula,
one needs to make additional assumptions on earnings and book value growth. I refer to White et al.
(1997) and Palepu et al. (1996) for a general discussion of commonly used valuation assumptions.
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Myers (1999) describes the following system of stochastic difference equations:

NIat+1 = ω10 + ω11NIat + ω12z2t + · · · + ω1nznt + ε1t+1

z2t+1 = ω20 + ω21NIat + ω22z2t + · · · + ω2nznt + ε2t+1
...

...
...

znt+1 = ωn0 + ωn1NIat + ωn2z2t + · · · + ωnnznt + εnt+1
(LID2)

where zit represents information other than current values of NIat , and ε1t is mean-

zero random disturbance. The second to nth equation shows that future realizations

of each of the other information variables are linear functions of current observables

plus a disturbance. The ω11 parameter reflects the persistence of abnormal earnings.

The resulting valuation model is:

MVt = β0BVt + β1NIat + β2z2t + · · · + βnznt (2.5)

where the valuation parameters β0 to βn are functions of r (discount rate) and the

ω’s (see below for a concrete example). Feltham and Ohlson (1995) explain in their

appendix (proposition 3) how one obtains the coefficient values of the β’s in terms of

the ω’s.2

Myers presents four empirical illustrations of the system of equations in LID2. In

their study of the differential ability of accrual and cash flow components of earnings

to forecast future abnormal earnings, Barth et al. (1999) use the following empirical

implementation of LID2:

NIat+1 = ω10 + ω11NIat + ω12ACCt + ω13BVt + ε1t+1

ACCt+1 = ω20 + ω22ACCt + ω23BVt + ε2t+1

BVt+1 = ω30 + ω33BVt + ε3t+1 (LID2�)

where ACC is total accruals, and BV is book value of equity. They have a similar

2See also Myers (1999) on page 5.
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LID to represent operating cash flows (ACC is replaced by CFO in LID2�). The

resulting valuation model with LID2� is:

MVt = β0 + β1BVt + β2NIat + β3ACCt (2.6)

where

β0 = R
R−1

(
ω10

R−ω11
+ ω30

R−ω33
(1 + ω13

R−ω11
+ ω12 ω23

(R−ω11)(R−ω22)
) + ω12 ω20

(R−ω11)(R−ω22)

)
β1 = R

R−ω33

(
1 + ω13

R−ω11
+ ω12 ω23

(R−ω11)(R−ω22)

)
β2 = ω11

R−ω11

β3 = Rω12
(R−ω11)(R−ω22)

There are several things to note about eq.(2.6). The sign of β2 (β3 respectively) de-

pends on ω11 (ω12 respectively). The higher the predictive ability of abnormal earnings

in the first equation of LID2�, the higher is its valuation parameter in eq.(2.6). Also,

ceteris paribus, the higher the persistence in accruals, ω22, the higher is β3. There

is a positive relation between persistence (reflected in the LID) and value relevance

(reflected in the valuation equation). Finally, the interpretation of β0 and β1 is less

straightforward than that of β2 and β3, since these valuation coefficients involve a

high number of ω parameters.

Another LID derived from LID2 and commonly found in the literature is the

following simple AR(1) form for abnormal earnings:3

NIat+1 = ωNIat + εt+1 (LID3)

where εt+1 is independently and identically distributed. This alternative LID ignores

other information and results in a simplified linear valuation equation:

MVt = BVt +
ω

1 + r − ω
NIat (2.7)

3See for example Dechow et al. (1999) and Myers (1999).
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Most of the empirical studies proceed by estimating a regression for eq.(2.7) that

includes an intercept to capture the mean level of the omitted variable νt. This is

because νt is integrated in the error term εt+1 of LID3. Previous empirical studies,

such as Collins et al. (1997), usually include NIt in the regression model of (2.7)

instead of NIat . This is consistent with the Ohlson model with νt equal to zero,

and with firms not paying any dividends. The resulting simplified Ohlson valuation

equation is:

MVt =
(1− ω)(1 + r)

1 + r − ω
BVt +

(1 + r)ω

1 + r − ω
NIt (2.8)

Market value is expressed by two accounting summary numbers, book value of equity

and earnings. The relative importance of these numbers in explaining market value

critically depends on the abnormal earnings persistence parameter ω: when ω is close

to zero, most of the weight is put on BV ; when ω is close to one, then most of the

weight is put on NI. The first case (zero abnormal earnings persistence) exists, for

example, in loss firms, because losses are typically non-persistent (Barth et al. 1998;

Hayn 1995; Basu 1997).4 Consequently, market value is close to the book value of

equity or liquidation value of the firm. Another typical situation where ω is close to

zero is when a firm operates in a competitive environment with no room for abnor-

mal earnings persistence. High abnormal earnings persistence results in a valuation

relation where current earnings are capitalized by 1+r
r
.

The fourth LID4 is a slightly different version of LID1:

NIat+1 = ωNIat + ψt+1

ψt+1 = δ ψt + ιt+1
(LID4)

Here I assume an AR(1) process for abnormal earnings, and an AR(1) process for the

4Hayn (1995) finds that firms with negative earnings have smaller earnings response coefficients
than firms with positive earnings. Shareholders always have an option of liquidating the firm and, as
a result, negative earnings cannot persist indefinitely. Barth et al. (1998) also find that the balance
sheet increases in importance and the income statement decreases in importance as financial health
decreases.
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error term, and ιt is i.i.d. The above specification of the abnormal earnings process

is a simplified version of LID1, and is a well-known form in the econometrics litera-

ture, see for example Greene (1993, p.419) and Goldberger (1991, p.305).5 Instead of

decomposing the error term into ν and ε as in Ohlson’s LID1, the total error term in

LID4 is assumed to follow an AR(1) process. Johnston (1991, p.309) discusses three

possible reasons for autocorrelated disturbances: (1) the net influence of omitted ex-

planatory variables, (2) the misspecification of the form of the model, and finally (3)

measurement error in the dependent variable. The first two reasons seem plausible

sources of autocorrelation in the context of forecasting abnormal earnings. Features

of the accounting measurement system could be responsible for forecast errors that

persist through time, and thus determine the magnitude of δ. For example, firms

that immediately write off purchased R&D will have a negative earnings effect in the

current year, but an opposite effect in subsequent years.

LID4 results in a the variance-covariance matrix of the error term ψt+1 is as follows:

E[ψψ′] =
σ2ψ

1− δ2




1 δ δ2 · · · · · · δT

δ 1 δ · · · · · · δT−1

δ2 δ 1 · · · · · · δT−2
...

. . .
. . .

. . .
. . .

...

δT−1 · · · · · · δ 1 δ

δT · · · · · · δ2 δ 1




where σ2
ψ = var[ψ], T is the total number of years in the sequence of abnormal earn-

ings, and δ is the persistence parameter of the error term (assumed to be between

0 and 1). The correlation between the errors persists, but decreases over time. The

errors in Ohlson’s LID1 are only correlated over 2 periods. Again, it is an empirical

issue to check whether abnormal earnings show such a behavior.

5Greene (1993, p.420) shows that estimating ω in LID4 by a simple OLS regression of future
abnormal earnings on current abnormal earnings results in an inconsistent estimate of the true

abnormal earnings persistence. In particular, plim(ω̂OLS) = ω + δ(1−ω2)
1+ωδ .
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Similar to eq.(2.3), the above process for future abnormal earnings can be ex-

pressed in terms of current and past abnormal earnings:6

NIat+1 = (ω + δ)NIat − ωδNIat−1 + ιt+1 (2.9)

The above expression for future abnormal earnings is identical to eq.(2.3) except for

the error term. Indeed, ιt+1 is different from ξt+1. The variance-covariance of matrix

of ι does not have a moving average structure as ξ has, rather E[ιι′] = σ2
ι I. Ordinary

least squares gives consistent and unbiased estimates for the coefficients of NIat and

NIat−1, i.e., ω + δ and −ωδ respectively, since ιt+1 is i.i.d. and independent from

current and past abnormal earnings.7

As indicated before, a different LID results in a different valuation equation. Sim-

ilar to the derivations in Ohlson’s appendix 1, LID4 results in the following linear

pricing model:

MVt = BVt +
ω

1 + r − ω
NIat +

(1 + r)δ

(1 + r − ω)(1 + r − δ)
ψt (2.10)

where ψt is the abnormal earnings’ forecast error at time t, ψt = NIat −ωNIat−1. The

subtle difference between eq.(2.10) and (2.4) is in the last term: the numerator of the

coefficient of ψt is (1+ r)δ, and is different from the numerator of the coefficient of νt

in eq.(2.4). So, if δ and γ are similar in magnitude, then the coefficient corresponding

with ψt is predicted to be smaller than the coefficient corresponding with νt (assuming

that the persistence parameters δ and γ are between 0 and 1).

To summarize, in this section I discussed three LID specifications other than LID1

6If the error ιt has a mean µι different from zero, then it is easy to show that eq.(2.9) includes
an additional term: NIat+1 = µι(1− δ) + (ω + δ)NIat − ωδNIat−1 + ιt+1.
7Hand and Landsman (1998) estimate eq.(2.9) for a large sample of Compustat firms in the

period 1974-96. They report a value for ω + δ equal to 0.58 and −ωδ close to zero. However, they
actually want to test Ohlson’s original LID assumption (see eq.(2.3)), and do not recognize that
their parameter estimates might be inconsistent because the error term exhibits a MA(1) structure.
However, their regression is appropriate to test eq.(2.9). I will propose a method to indirectly derive
estimates for ω and δ based on a regression analogue for eq.(2.9) in section 2.3.3.
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put forward by Ohlson (1995). LID2 and LID3 assume uncorrelated abnormal earn-

ings forecast errors, whereas LID4 assumes an AR(1) correlation structure for the

error term. In section 2.3 I transform the three LIDs into ROE prediction models,

that are used in the empirical parts of this dissertation. The next section will dis-

cuss empirical issues related to implementing the Ohlson model. It is important to

understand these issues since they will motivate the empirical design chosen in this

dissertation.

2.2.3 Empirical Specification Issues.

A commonly used regression specification in the empirical accounting literature is the

following (e.g., Collins et al. (1997) and Barth et al. (1998)):

MVt = β0 + β1BVt + β2NIt + εt (2.11)

where β0 captures the average of the omitted variables, β1 = (1−ω)(1+r)
1+r−ω , and β2 =

(1+r)ω
1+r−ω . The above equation is an empirical analogue for a simplified version of the

Ohlson valuation equation with ν set to zero and no dividends, shown in eq.(2.8). It is

easily shown that the implied abnormal earnings persistence from eq.(2.11), ωimplied,

is β2
β1+β2

.

Implicitly, the above regression assumes the same coefficient applies to all as-

sets/liabilities (reflected in β1) and to all items of the income statement (reflected in

β2). However, Collins et al. (1997) show that nonrecurring items affect both book

values and earnings, suggesting that different pricing multiples apply to different el-

ements of the balance sheet and income statement. BV and NI are both influenced

by the degree of accounting conservatism, but BV reflects the cumulative effect of

conservatism. This is because book value of equity is a stock variable and reflects

past flows of earnings and dividends (Subramanyam and Venkatachalam 1998). More

formally, BVt =
∑∞

τ=0 NIt−τ −
∑∞

τ=0 Dt−τ , where Dt are the capital inflows and out-

flows of equity at time t. A finite horizon version of the previous definition of BVt for

a firm that exists for T periods, is: BVt = BV0 +
∑T

τ=0 NIt−τ −
∑T

τ=0 Dt−τ , where
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BV0 represents the firm’s initial capital.

Equation (2.11) can be rewritten to focus more on the central variable in this

dissertation, UNA:

MVt −BVt = UNAt = β0 + (β1 − 1)︸ ︷︷ ︸
β�
1

BVt + β2NIt + εt (2.12)

To the extent that β1 differs from 1, β1 can be interpreted as the portion of UNA

that is proportional to the recognized net assets reflected in BV . For example, if

the market value of property, plant & equipment is always 20% higher than its book

value, then β1 would reflect this proportionality. A firm’s average UNA is reflected

in β0. The β2 coefficient captures the information reflected in NI about UNA that

is not captured by BV . A good example is R&D expenses: these affect the earnings

number, but no R&D capital is recognized on the balance sheet and is therefore not

reflected in BV . The unrecognized R&D capital shows up in earnings, NI, making

the earnings number informative to investors. Lev & Zarowin (1998) argue that, for

example, mature pharmaceutical campanies (e.g. Merck, Baxter) with a high stable

rate of investment in R&D do not experience a loss of informativeness of their earnings

by immediately expensing R&D. It is the change in R&D investment which adversely

affects the informativeness of financial information. In Ohlson’s terminology, mature

pharmaceutical firms are likely to have a high abnormal earnings persistence param-

eter, resulting in a heavily weighted NI in eq.(2.11). I will discuss the R&D issue in

more detail in chapter 4.

An important problem with the estimation of eq.(2.11) or (2.12) is the possible

correlated omitted variable bias in the coefficients β1 and β2, documented by

Landsman and Magliolo (1988) and Christie (1987). Appendix A.3 formalizes this

bias. The omitted variables bias shows up in all value relevance papers that rely

on association tests between market value and accounting numbers (Holthausen and

Watts 2000). There are two ways to solve the omitted variable bias problem. First,
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one could estimate a difference version of eq.(2.12):

�UNAt = β1NIt + β2�NIt +�εt (2.13)

where � is the difference operator, and �BVt = NIt−Dt = NIt since Dt is assumed

to be zero. Differencing might eliminate the bias if the omitted variable is stable

over time. Landsman and Magliolo (1988) show that the differencing procedure may

not be preferred since it could inflate the standard errors of the coefficient estimates.

An alternative solution to the problem is to include plausible candidates for corre-

lated omitted variables in eq.(2.12). As an indication whether this procedure solves

the bias problem, one could check the correlation between the added variables and

earnings, book value of equity, and UNA, and whether the coefficients corresponding

with earnings and book value are closer to their theoretical values after adding the

omitted variable candidates. Examples of extended versions of eq.(2.11) are Barth

et al. (1998) and Amir and Lev (1996). The former add an estimate for a firm’s

brand value to the valuation equation, and the latter add non-financial information

for firms in the wireless communication industry (in particular, penetration rate and a

region’s population size). In the empirical chapters of this dissertation, I add proxies

for other information to the regression model. By doing so, I address the omitted

variable bias problem, and I also address the specification of the LID. In particular, I

adopt a LID specification as in LID2, where the zit variables reflect elements from a

firm’s competitive environment and accounting recognition features. I provide more

details on the variable choice in the next chapters.

Other econometric issues are scale-related coefficient bias and heteroskedas-

ticity (causing a standard error bias). Barth and Kallapur (1996) suggest including

a scale proxy as independent variable and to report White-corrected standard errors.

An alternative is to deflate the above equations by book value of equity or another
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scale variable. This results in the following equation for scaled UNA:

UNAt

BVt︸ ︷︷ ︸
scaled UNA

= β1 + β0
1

BVt
+ β2

NIt

BVt
+

εt

BVt
(2.14)

where 1
BVt

is the inverse of size to the extent BV captures size. I report empirical

results for the above equation in the next chapters.

Another issue is the possible survivorship bias in the valuation coefficient esti-

mates. Predictions on the coefficients in the valuation regressions are guided by the

persistence parameters in the LID, i.e. ω and γ in eq.(2.4), ω and δ in (2.10). As

indicated before, the discount rate r will not be the focus of this dissertation, and

is assumed to be constant across time and firms. Two possible methods to estimate

the LIDs are (1) year-by-year, in a cross-section, and (2) firm-by-firm. The four LIDs

discussed above have a pure time-series dimension. To estimate the persistence pa-

rameters on a firm-specific basis, one needs to have enough observations through time.

This condition results in a sample of firms that exist for several years, potentially in-

troducing survivorship bias in the valuation coefficients. It is therefore not possible

to estimate persistence parameters of young companies, or companies that existed

for a very limited period. For example, Myers (1999) estimates his various LIDs in

firm-specific time-series and requires at least 15 observations per firm. On the other

hand, Dechow et al. (1999) estimate the two persistence parameters in eq.(2.4) using

various cross-sectional models. In one of their models, they allow the autoregressive

parameter, ω in LID1, to vary with variables that are associated with cross-sectional

variation in the persistence of abnormal earnings. These variables are: magnitude

of abnormal earnings, magnitude of special items, magnitude of operating accruals,

dividend payout policy, and historical abnormal earnings persistence for firms in the

same industry. As such, they introduce firm-specific abnormal earnings persistence

estimates by using a pooled cross-section time-series dataset.
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I use the Ohlson framework in the following sections to derive empirical impli-

cations for the prediction of future ROE, and explaining UNA in terms of current

ROE and proxies for UNA that describe accounting recognition features and a firm’s

economic environment. The discussion of the specific empirical UNA proxies chosen

in this dissertation is done in the next two chapters.

2.3 Predicting Future Book Return on Equity.

In this section, I derive the role of a firm’s competitive environment and accounting

recognition characteristics in predicting future ROE. I use the Ohlson LID assump-

tion, as described in section 2.2, to derive a ROE prediction model. First, I motivate

the use of a scaled LID. Second, I rewrite Ohlson’s LID in terms of scaled abnor-

mal earnings, or abnormal return on equity (ROEa). Third, I propose some scaled

versions of the alternative LIDs of section 2.2.2. The latter scaled LIDs serve as the

ROE prediction models in the next chapter.

2.3.1 Why Using a Scaled LID?

The Ohlson model is originally specified in an unscaled version: market value is a

function of book value, (unscaled) abnormal earnings and other information. I have

two reasons to specify a scaled LID and valuation model. First, in the previous

section, I discussed the problem of heteroskedasticity and some remedies in empirical

valuation specifications. Scaling is one such a remedy. Second, Feltham and Ohlson

(1995, pp.713-714) show that with a growth rate in book value greater than one and

conservative accounting, expected abnormal earnings grow without bound. Because

of the explosive property of unscaled abnormal earnings, O’Hanlon (1997) argues

that theoretical and empirical earnings-based valuation models that incorporate the

time-series proporties of abnormal earnings, should focus on scaled abnormal earnings.

Since the driver of growth in abnormal earnings is book value, the appropriate scaling

item is book value. O’Hanlon argues that attempts to use ARIMA-based approaches

for the estimation of the persistence parameter ω on the basis of unscaled data may
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fail or may result in the identification of generating processes with unnecessarily high

orders of differencing. This is an additional reason why the empirical tests in this

dissertation focus on ROE (i.e. a scaled earnings measure) instead of unscaled book

value and earnings.

2.3.2 Predicting ROE with Ohlson’s Original LID.

In appendix A.4, I show that Ohlson’s assumption in LID1 results in the following

ROE prediction model:

ROEt+1 = r(1− ω

1 + g
) +

ω

1 + g
ROEt +

νt

BVt
+ ε1,t+1 (2.15)

where ROEt =
NIt
BVt−1

, g is the (assumed constant) rate of growth in BVt (1 + g =
BVt+1

BVt
), and ε1,t+1 = ε1,t+1

BVt
. In other words, eq.(2.15) shows how other information

translates into future ROE conditional on current ROE. While the role of ROEt in

explaining ROEt+τ (with τ equal to 1 or more) has been extensively examined, the role

of other information has not. From the above equation, (scaled) other information,
ν
BV

, is explicitly written as follows:

νt

BVt
= Et[ROEt+1]− r(1− ω

1 + g
)− ω

1 + g
ROEt (2.16)

In words, other information is expressed as the conditional expected future ROE

(conditional on all possible information relevant in predicting future ROE) minus

the part of future ROE that is based on its historical persistence, represented by the

second and third term in eq.(2.16). The conditional expectation term needs to be

specified in empirical analysis. Dechow et al. (1999) and Begley and Feltham (1999)

use I/B/E/S financial analyst earnings forecasts to address the specification of νt. I

follow the approach as in Myers (1999) and use several UNA proxies that describe

a firm’s competitive environment and accounting recognition features to specify ν. I

refer to the next section for a description of the ROE prediction model used in the

empirical parts of this dissertation.
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Apart from a firm’s competitive environment, the growth parameter g and per-

sistence parameter ω in eq.(2.15) are also affected by the degree of accounting con-

servatism (Feltham and Ohlson 1995, p.702). It is intuitively clear how conservative

recognition affects ω and g in the ROE prediction model. Conservatism makes the

time-series of abnormal earnings more persistent, i.e., ω is higher, since more persis-

tence means that less current value relevant news is reported in current earnings, and

more of it will be reported in future earnings. I refer to chapter 4 for a discussion on

the effect of conservatism on growth in BV . An important element of this dissertation

is to explicitly control for different degrees in accounting conservatism in the ROE

prediction model and the ROE-based valuation model.

From model (2.15), conditional expected values of ROEs further ahead in time,

e.g., for period t + 2, t + 3, and a general period t + k are represented as follows:

Et[ROEt+2] = r(1− ω
1+g )(1 +

ω
1+g ) + (

ω
1+g )

2ROEt +
ω+γ
1+g

νt
BVt

Et[ROEt+3] = r(1− ω
1+g )(1 +

ω
1+g + (

ω
1+g )

2) + ( ω
1+g )

3ROEt +
ω2+ωγ+γ2

(1+g)2
νt
BVt

...

Et[ROEt+k] = r(1− ( ω
1+g )

k) + ( ω
1+g )

kROEt +
∑k−1

τ=0 ω
τγk−τ−1

(1+g)k−1
νt
BVt

(2.17)

The last equation in (2.17) represents the general form for the prediction of ROE k

periods ahead. An empirical analogue for that equation would be:

ROEt+k = α0 + α1ROEt + α2
νt

BVt
+ εt+k (2.18)

Two observations are made on the above empirical specification. First, the coefficient

on current ROEt, α1, takes the value of (
ω

1+g
)k when predicting k periods ahead. In

other words, α1 is decreasing exponentially when predicting further ahead in time.

In contrast, the intercept is increasing when predicting further ahead.

Second, model (2.18) implies a restriction between the intercept and the slope of

ROEt: α0 = r(1 − α1). The restriction should hold for all the equations in (2.17).

To check the plausibility of the restriction, one could calculate the implied cost of
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capital, rimplied, from the estimates of α0 and α1: rimplied =
α0

1−α1
.

2.3.3 Predicting ROE with alternative LIDs.

In section 2.2.2, I described three LIDs different from Ohlson’s original LID1. These

LIDs result in the ROE prediction models of the current section.

First, the simplest LID for abnormal earnings is given in LID3. Here, abnor-

mal earnings are modelled as a simple AR(1) process with a white-noise error term.

Manipulating this equation results in the following ROE prediction model:

ROEt+1 = r(1− ω

1 + g
) +

ω

1 + g
ROEt + εt+1 (2.19)

where εt+1 is equal to εt+1

BVt
in LID3. An empirical analogue for the above prediction

model is:

ROEt+1 = α0 + α1ROEt + εt+1 (2.20)

where α1 represents abnormal ROE persistence and is equal to ω
1+g

. Similar to (2.18)

in the previous section, there is an implied restriction on the intercept and slope:

α0 = r(1 − α1). The resulting implied cost of capital is: rimplied = α0

1−α1
. The differ-

ence between (2.18) and (2.20) is that the latter equation does not include an other

information term νt
BVt

. I use the above ROE prediction model as a benchmark model

in the empirical applications.

Second, LID4 in section 2.2.2 is more complicated than LID3 and assumes an

AR(1) process for the abnormal earnings forecast error. Since OLS gives consistent

estimates for the abnormal earnings model when the model is written in terms of

current and past abnormal earnings, I take eq.(2.9) as a start to derive the following
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ROE prediction model with its empirical analogue:

ROEt+1 = r(1− ω+δ
1+g

+ ωδ
(1+g)2

) + ω+δ
1+g

ROEt − ωδ
(1+g)2

ROEt−1 +
ιt+1

BVt

= r(1− φ1 − φ2)︸ ︷︷ ︸
φ0

+φ1ROEt + φ2ROEt−1 + εt+1
(2.21)

where φ1 =
ω+δ
1+g

, and φ2 = − ωδ
(1+g)2

. If both ω and δ are positive, then the above equa-

tion predicts a different sign on ROEt and ROEt−1. Notice that current and past

ROE are sufficient to predict ROE one period ahead. There is no other information

term included in the above prediction model. However, the error persistence param-

eter, δ, enters in the coefficients φ0, φ1, and φ2. Both abnormal earnings persistence,

ω, and persistence of abnormal earnings prediction error, δ, are crucial parameters in

the analysis, but estimating eq.(2.21) does not allow one to determine δ and ω imme-

diately (see discussion in section 2.2.2). However, δ ω are found indirectly. Combining

the expressions for φ1 =
ω+δ
1+g

, and φ2 =
−ωδ

(1+g)2
gives a quadratic equation in terms of

the persistence parameter ω:

ω2 − (1 + g)φ1ω − (1 + g)2φ2 = 0 (2.22)

To find real roots for the above quadratic equation, the discriminant should be non-

negative: (1 + g)2φ2
1 + 4(1+ g)2φ2 ≥ 0. If this is the case, the roots are characterized

by:

ω =
(1 + g)φ1 ± (1 + g)

√
φ2
1 + 4φ2

2
(2.23)

Since a reasonable value for ω lies between 0 and 1, the root is chosen that gives a

value for ω in that range (Ohlson 1995).8 Also, observe the restriction between the

intercept and the two slope coefficients, resulting in an implied r equal to φ0

1−φ1−φ2
.

In the same manner as I derived the models predicting ROE further ahead (see

8A similar analysis is used to determine the error persistence parameter, δ. The roots for that
parameter are: δ = 1+g

2 (φ1 ±
√
φ21 + 4φ2). Here, values for δ could be negative.
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(2.17)), I report models based on eq.(2.21) to predict ROE up to four periods ahead.

Et[ROEt+2] = φ0(1 + φ1) + (φ
2
1 + φ2)ROEt + φ1φ2ROEt−1

Et[ROEt+3] = φ0(1 + φ1(1 + φ1) + φ2) + φ1(φ
2
1 + 2φ2)ROEt + φ2(φ

2
1 + φ2)ROEt−1

Et[ROEt+4] = φ0(1 + φ1(1 + φ1 + φ21 + 2φ2) + φ2) + (φ
4
1 + 3φ

2
1φ2 + φ22)ROEt

+φ1φ2(φ
2
1 + 2φ2)ROEt−1

(2.24)

Unfortunately, there is no general formula for a model predicting ROE k periods

ahead as in eq.(2.17). However, to test whether ROE behaves according to the above

stochastic process, an implied r is derived from the empirical analogues of the above

prediction models.9

The third and key ROE prediction model in this dissertation derives from LID2.

Earlier in this chapter, I indicated that I wish to focus on elements from a firm’s

competitive environment and from its accounting recognition features that predict

future ROE. These elements are captured by the zit variables in LID2. For example,

assume the unscaled abnormal earnings process is represented by the following LID:

NIat+1 = ω10 + ω11NIat + ω12Z1t + ω13Z2t + ε1t+1

Z1t+1 = ω20 + ω22Z1at + ε2t+1

Z2t+1 = ω30 + ω33Z2t + ε3t+1

(2.25)

The first equation in the above LID is now transformed into a ROE prediction model:

ROEt+1 = r(1− ω11

1 + g
) + ω10

1

BVt
+

ω11

1 + g
ROEt + ω12

Z1t
BVt

+ ω13
Z2t
BVt

+
ε1t+1

BVt
(2.26)

An empirical analogue for the above model is:

ROEt+1 = α0 + α1
1

BVt
+ α2ROEt + α3

Z1t
BVt

+ α4
Z2t
BVt

+ εt+1 (2.27)

9For example, in the model predicting ROE two periods ahead, the implied r is equal to:
α̂�

(1−φ̂1−φ̂2)(1+φ̂1) , where α̂
� is the estimated intercept in the 2 years ahead ROE regression, and

φ̂1 (resp. φ̂2) is the estimated coefficient of ROEt (resp. ROEt−1) in the 1 year ahead regression.
Thus, the implied r is derived from both the 1 year and 2 years ahead prediction models.
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where α0 = r(1 − ω11

1+g
), α2 =

ω11

1+g
represents ROE persistence, and Z1t and Z2t are

UNA proxies that predict future abnormal earnings. The linear combination of Z1t

and Z2t is a proxy for νt in the Ohlson model. However, the Z1 and Z2 variables

separately are not perfect proxies for νt since that would require them to be uncorre-

lated with current ROE (ν represents the abnormal earnings shock that is orthogonal

to current abnormal earnings).

Since the Z variables might be correlated with current ROE, they have two ef-

fects on future ROE in eq.(2.27): (1) a direct effect on future ROE incremental to

current ROE, and (2) an indirect effect on the intercept α and slope coefficient β.

The magnitude of the direct effect is reflected in the significance levels of the coeffi-

cient estimate of α3 and α4, and is interpreted as an indication of predictive value of

that particular variable on future ROE. The indirect effect is similar to the omitted

variable bias discussed in appendix A.3. To the extent that a UNA proxy (i.e., Z)

is correlated with current ROE and future ROE, the coefficient on current ROE

(i.e., ROE persistence) is biased in the regression that excludes the UNA proxy. An

easy way to determine the indirect effect on the current ROE coefficient is to run a

regression with and without the UNA proxy. If the current ROE coefficient changes

by including the UNA proxy, then this indicates that the proxy is both correlated

with current ROE and future ROE (the dependent variable in the model). For ex-

ample, a firm’s market share is likely to be correlated with current and future ROE.

Therefore, the current ROE coefficient is likely to be upward biased when market

share is excluded from the regression.

Predictive ability of the UNA proxies for future ROE is a necessary condition

(but not sufficient) for the UNA proxies to be value relevant. I will explain the ROE

valuation specifications in the next section, using the different ROE prediction mod-

els from this section.
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2.4 ROE-Based Valuation Models.

This part of the chapter deals with the specification of a residual income valuation

model that is scaled by book value of equity. I first derive a ROE-based version of

the Ohlson (1995) model. Next, I specify three alternative scaled valuation models

based on the three LID assumptions from the previous section.

Without referring to the LID assumption, it is easily shown from eq.(2.1) that

UNA is related to ROE (Bernard 1994):

UNAt =
∞∑
τ=1

ρτEt[NIat+τ ]

=
∞∑
τ=1

ρτEt[NIt+τ − rBVt+τ−1]

=
∞∑
τ=1

ρτEt[NIt+τ − rBVt+τ−1]

=
∞∑
τ=1

ρτEt[(
NIt+τ

BVt+τ−1
− r)BVt+τ−1]

UNAt

BVt
=

∞∑
τ=1

ρτEt[(ROEt+τ − r)BVt+τ−1

BVt
]

=
∞∑
τ=1

ρτEt[(ROEt+τ − r)(1 + g)τ−1]

(2.28)

where 1+ g is the (assumed) constant growth in book value of equity, equal to BVt+1

BVt
,

and UNAt

BVt
is relative UNA. Unfortunately, eq.(2.28) contains an expected infinite sum

of future abnormal ROEs multiplied by expected growth, and is therefore difficult to

evaluate empirically. Using relations between current ROE and future ROEs from

previous sections, I rewrite the infinite sum in terms of current ROE. As shown

before, this reformulation requires an LID assumption where persistence parameters

play an important role. I describe four different ROE based valuation equations,

based on scaled versions of LID1 (i.e., Ohlson’s LID) to LID4.
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2.4.1 ROE-Based Valuation with Ohlson’s Original LID.

Appendix A.4 explains how the following model for relative UNA is derived from

eq.(2.4) in terms of current ROE and scaled other information:

UNAt
BVt︸ ︷︷ ︸

scaled UNA

=
−ωr

(1 + g)(1 + r − ω) +
ω

(1 + g)(1 + r − ω)ROEt +
(1 + r)

(1 + r − ω)(1 + r − γ)
νt
BVt
(2.29)

Model (2.29) describes scaled UNA in terms of the central accounting performance

measure ROE (current), and other information ν. The weight on other information

increases with higher other information persistence, γ, as well as with higher abnormal

earnings persistence, ω. The model shows that a ν proxy is only value-relevant if it

is relevant in predicting future ROE (thus, ω enters the coefficient of ν) and if a ν

proxy is persistent in time (reflected in γ). An empirical analogue of model (2.29) is:

UNAt

BVt
= β0 + β1ROEt + β2

νt

BVt
+ ζt (2.30)

where β0 = −ωr
(1+g)(1+r−ω) , β1 = ω

(1+g)(1+r−ω) , and β2 = (1+r)
(1+r−ω)(1+r−γ) . Dechow et al.

(1999) and Begley and Feltham (1999) use I/B/E/S earnings forecast information to

generate firm-specific proxies for νt in the above equation. An important objective

of this dissertation is to specifically address information that helps predicting future

ROE and see how that information is valued by the stock market. I derive that

information from a firm’s competitive environment and from its recognition features.

I therefore rely on LID2 instead of Ohlson’s original LID1 for the specification of a

valuation model (see section 2.4.2).

To check whether model (2.30) is empirically well-specified, the following restric-

tion between β0 and β1 should hold: β0 = −rβ1, or rimplied = β0
β1
. Two factors

could account for violating that parameter restriction. First, besides the theoreti-

cally implied value in (2.29) the constant coefficient β0 also captures the mean of

the omitted variables in (2.30). The purpose of the dissertation is to identify these

omitted variables, such as accounting recognition characteristics and elements from a
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firm’s competitive environment. Second, since r represents the riskless discount rate

in the Ohlson model (a certainty setting), the relation could not hold cross-sectionally

because of differences in riskiness of firms.

2.4.2 ROE-Based Valuation with alternative LIDs.

In this section, I propose three different ROE-based valuation models that will be

estimated in the next chapter on a broad cross-section of firms.

The first model is based on the ROE prediction model in eq.(2.26) and on the

LID in (2.25) with two other information proxies, Z1 and Z2. In the next chapter, I

will specify more than two other information variables, but the valuation coefficients

remain the same as in the model below. I assume a simple AR(1) model represents

the stochastic process of Z1 and Z2. A more complicated LID structure for the

information variables, as in LID2, results in more complex valuation coefficients on

these variables. The ROE-based valuation model is:

UNAt

BVt
= β0 + β1

1

BVt
+ β2ROEt + β3

Z1t
BVt

+ β4
Z2t
BVt

(2.31)

where

β0 = − ω11(R−1)
(R−ω11)(1+g)

β1 = R
R−1
(

ω10

R−ω11
+ ω12ω20

(R−ω11)(R−ω22)
+ ω13ω30

(R−ω11)(R−ω33)

)
β2 = ω11

(R−ω11)(1+g)

β3 = ω12R
(R−ω11)(R−ω22)

β4 = ω13R
(R−ω11)(R−ω33)

The interpretation of the valuation coefficients is similar to the discussion of eq.(2.6).

Notice the restriction on the intercept and slope coefficient on ROEt: rimplied = −β0
β2
.

For same reasons as discussed in the previous section, the restriction might be vio-

lated when estimating the valuation model on a cross-sectional sample of firms.
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The second valuation model is based on LID3 and the ROE prediction model in

eq.(2.20), and is a scaled version of eq.(2.7):

UNAt

BVt
= β0 + β1ROEt (2.32)

where

β0 = − rω
(1+r−ω)(1+g)

β1 = ω
(1+r−ω)(1+g)

The above model can also be obtained from eq.(2.31) by setting ω10, ω12, ω13, ω20,

ω22, ω30, and ω33 equal to zero. In other words, the other information is completely

ignored. This valuation model serves as a benchmark in the empirical chapters of this

dissertation.

The third valuation model derives from LID4 and the ROE prediction model in

eq.(2.21). The ROE-based representation is obtained from eq.(2.10) by replacing ψt

by NIat − ωNIat−1, and scaling both sides by BVt:

UNAt

BVt
= β0 + β1ROEt + β2ROEt−1 (2.33)

where

β0 = −r
(
Ω1

1+g
+ Ω2

(1+g)2

)
β1 = Ω1

1+g

β2 = Ω2

(1+g)2

Ω1 = ω
1+r−ω + δ(1+r)

(1+r−ω)(1+r−δ)
Ω2 = − ωδ(1+r)

(1+r−ω)(1+r−δ)

A few observations are made on the above equation. First, other information is

completely captured by the abnormal forecast error persistence parameter δ. If the

abnormal earnings forecast errors do not persist over time, i.e. δ = 0, then the val-

uation model reduces to (2.32). Second, higher error persistence results in a higher
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coefficient on lagged ROEt−1. Third, a negative forecast error persistence (δ < 0)

results in β1 coefficient on ROE that is smaller in model (2.33) than the coefficient

on ROE in model (2.32). Fourth, there is a restriction between the intercept and the

slope coefficients, such that rimplied = − β0
β1+β2

.

In the next chapter, I will empirically implement the above three models on a

large sample of Compustat firms. I will use specific empirical proxies for Z1 and Z2

in the first model, derived from a firm’s competitive environment and its recognition

features.



Chapter 3

Broad Cross-Sectional Approach

3.1 Overview and Motivation

I use the valuation models as described in the previous chapter to study cross-sectional

differences in unrecognized net assets [UNA] on a broad sample of Compustat firms.

The valuation model incorporates other information variables that are predictors for

future abnormal earnings (or, residual income) and thus explain UNA (see eq.(2.31)).

The two other valuation models derived in chapter 2 merely serve as benchmarks. I

use two sets of proxies for other information [or, UNA proxies] to predict future ROE

and scaled UNA. The approach to determine the UNA proxies is new, because it

combines two streams of research. These two streams are: (1) the industrial orga-

nization [IO] literature that studies the relation between the profitability of a firm

and the market structure in the industry of the firm; (2) the accounting literature

(e.g., Beaver and Ryan (2000)) that focuses on the issue of accounting recognition,

prediction of ROE, and value relevance of accounting summary measures.

The approach of this study potentially contributes to the existing literature on

unrecognized net assets in two major ways. First, I examine explicitly the effects of

competition (and market power) and accounting recognition features (such as conser-

vatism) on UNA. I extend the previous literature by comparing the relative share of

each component in explaining cross-sectional variation in UNA. Second, by applying

44
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the valuation framework from chapter 2 to study UNA, I provide additional evidence

on the empirical applicability of the residual income model in ways different than

previous literature (such as Hand and Landsman (1998), Dechow et al. (1999) and

Monahan (1999)). I refer to the introductory chapter for a review of the previous

literature.

A key motivation for the research in this chapter is the observation that differ-

ences between market value and book value of equity significantly vary across firms

and industries.1 Market value reflects the amount that the stock market assesses

to be the economic value of equity, and thus reflects market assessments of a firm’s

tangible and intangible assets, its positive net present value projects, and its market

power. On the other hand, book value of equity reflects what equity is under GAAP

and the specific choices within GAAP made by a firm’s management. The difference

between the two estimates of equity is of concern for both preparers and users of

financial statements (such as financial analysts) because this could indicate a limited

ability of the traditional parts of the financial statements (i.e., balance sheet and

income statement) to reflect a firm’s underlying business reality. This concern was

the reason for AICPA’s Special Committee (Jenkins Committee, 1994) and FASB’s

Research Project Team (1998) on business reporting to investigate the value and use-

fulness of current financial reports. This chapter analyzes why UNA cross-sectionally

varies and provides two major sources for it: differences in competitive environment

and accounting recognition between firms. Two firms with an identical competitive

environment can have different levels of UNA due to differences in accounting, and

vice versa.

A second motivation for this study is to implement residual income valuation

models similar to Ohlson (1995) to address the issue of explaining UNA, and by

doing so, I provide additional evidence on the applicability of the model in empiri-

cal accounting research. Empirical implementations of the residual income valuation

1For example, the median market-to-book ratio between 1977 and 1996 was 3.7 for pharmaceu-
ticals and 1.1 for construction companies.
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framework show up more frequently in the recent accounting literature (e.g., Hand

and Landsman (1998), Dechow et al. (1999), and Barth et al. (1999)). The residual

income model incorporates attractive features that link accounting numbers to firm

value, and therefore serves the purpose of this study.

The key valuation model to explain cross-sectional differences in UNA uses two

types of proxies for other information. The first type relates to the competitive struc-

ture of a firm. The traditional IO literature takes the industry as the focal point of

analysis. The nature of the industry determines the shape of the cost function com-

mon to all companies, the height of the barriers behind which all incumbent firms in

the industry are protected from entrants, and the level of cooperation in which all

companies participate. Within-industry differences are assumed to be less important

to explain a firm’s profits. However, a more recent view in IO considers cross-sectional

differences in efficiency between firms within the same industry. That literature uses

a firm’s market share as a central measure to explain differences in economic profits.

My industry concentration, barriers-to-entry and efficiency variables reflect condi-

tions that may predict which firms can have abnormal profits, and thus help explain

cross-sectional differences in UNA. The first two proxies are labeled inter-industry

features, whereas the latter is labeled intra-industry features.

The second type of other information proxies relates to a firm’s accounting recog-

nition features. Economic profits are a theoretical concept denoting the amount of

cash flows received by the firm less the reduction in the present value of the asset’s

remaining cash flows, i.e. economic depreciation (Beaver 1998). Accounting earnings

are a way of representing these economic profits, and are generated by the account-

ing system. Accounting earnings will not in general equal economic profits due to

characteristics of that accounting system. Feltham and Ohlson (1996) show that ac-

counting earnings only equal economic earnings in a setting with certain future cash

flows (no uncertainty about cash realizations), zero net present value investments,

and where investment costs are allocated using present value techniques. In reality,

the conditions in which accounting earnings equal economic earnings are hardly met,
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causing a difference between the two earnings concepts and between market value and

book value of equity. Therefore, insights in the nature of the accounting recognition

process are helpful in predicting ROE and explaining UNA. I use summary measures

for accounting conservatism identified by Basu (1997), Beaver and Ryan (2000) and

Collins et al. (1994) to characterize my accounting recognition proxies. The three

accounting recognition proxies are: yearly security return, the amount of one time

items (specials items, extraordinary items and discontinued operations), and whether

a firm has accounting losses. For example, a positive security return reflects good

news (a positive market value surprise) that is slowly recognized in earnings over sub-

sequent periods. However, the conservatism principle forces firms to recognize bad

news (negative security returns) more quickly in the accounting system. Therefore,

I consider firms with positive security returns to have longer recognition lags (less

conservative) than firms with negative returns (more conservative). I also introduce

a growth variable in the analysis to control for growth differences among the sample

firms, since growth affects the coefficients on ROE and the intercepts in both the

ROE prediction and valuation models.

I present four hypotheses in this study. The first hypothesis relates to the inter-

industry measures and their effect on future ROE and scaled UNA: more concen-

trated industries (less competitive) are expected to have higher future profitability

and higher UNA compared to less concentrated industries. The second hypothesis

considers the effect of market share, i.e. the intra-industry proxy, on future ROE

and scaled UNA: firms with larger market shares are expected to have higher future

profitability and higher UNA compared to firms with smaller market shares. The

third hypothesis relates to the expected effect of accounting recognition on the coeffi-

cient of ROE and intercept in the ROE prediction and valuation model: firms with

shorter recognition lags are expected to have lower profitability persistence, and cur-

rent book return on equity is expected to be less informative about UNA compared

to firms with longer recognition lags. The fourth hypothesis relates to the growth

effect on the coefficients in both models: book return on equity is less persistent and

less informative about UNA for high growth firms compared to low growth firms.
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The statistical analysis focuses on the estimation of a ROE prediction model and

valuation model that explains cross-sectional differences in scaled UNA. I use data

from a broad sample of Compustat firms taken from the period 1978-1995. I divide

the sample period into four time intervals to study the behavior of the coefficients in

the ROE prediction and valuation model over time. I include the three competitive

structure variables as independent variables in the equations. I then partition the

sample based on the three accounting recognition variables and the growth variable.

I test the four hypotheses by inspecting the sign and magnitude of the coefficients

across the different partitions. In addition to reporting the statistical significance of

the coefficients in the ROE prediction and valuation model, I perform three eval-

uation tests to check whether the parameter estimates behave according to their

theoretically implied values. Finally, I report empirical findings for the two bench-

mark models that are described in chapter 2.

The empirical results show that the inter-industry measures are not strong pre-

dictors of future ROE above current ROE, and often negatively affect UNA in the

valuation model, contradictory to the predicted effect on UNA. Market share is a

strong predictor of future ROE and has a positive relation with UNA for low growth

firms. The market share hypothesis is not supported by the high growth sample

firms. Firms with slower accounting recognition are found to have more persistent

ROE series, and have higher valuation multiples on current ROE, irrespective of

their growth rate. Finally, current ROE is less informative about future ROE and

UNA for high growth firms comapred to low growth firms, supporting the growth

hypothesis.

The remainder of the chapter is organized as follows. Section 3.2 describes the

competitive structure variables, the accounting recognition variables, and the growth

proxy. Section 3.3 presents the key equations from chapter 2 and outlines the statis-

tical tests. Section 3.4 outlines the four hypotheses. Section 3.5 presents the sample

procedure and provides descriptive statistics on the key variables in the study together
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with an analysis of the bivariate relation between UNA and ROE. Section 3.6 re-

ports the empirical findings for both the ROE prediction model and the valuation

model. Finally, section 3.7 concludes the chapter.

3.2 Proxies for Unrecognized Net Assets (UNA).

The empirical proxies discussed in this section are expected to predict future abnormal

earnings above the current level of abnormal earnings, and therefore characterize

cross-sectional differences in UNA. I use two sets of UNA proxies. The first set of

proxies is based on the IO literature and relates to the competitive environment in

which the firm operates. The second set contains variables that relate to accounting

recognition features. Finally, I define a growth variable, since growth affects several

coefficients in the ROE prediction and valuation model.

3.2.1 Industry Characteristics.

The first set of variables is based on the industrial organization literature. Since

Bain (1956), this literature has studied how industry structure elements influence the

profit generating process of firms. Industry economists provide a theoretical frame-

work for the evolution of profits and show that profits result from a firm’s interaction

with market forces such as competitors, consumers’ demand, and suppliers. In par-

ticular, the structure-conduct-performance [SCP] relation, introduced by Bain, states

that a firm’s performance is determined by its access to environmental resources, as

it competes for sales, capital, and workforce. The SCP paradigm is based on the

concentration-collusion doctrine and supposes that a one-way chain of causality runs

from structure (e.g., the level of concentration in an industry) to conduct (the de-

gree of collusion), and from conduct to performance (profitability). Empirically, the

price-cost margin PCM (or, rate of return on sales) less the rental cost of capital, is

modelled as a function of certain structural (S) and conduct (C) variables (Martin
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1993, p.467):

PCM =
sales − variable input costs− capital charge

sales
= f(S,C) (3.1)

The basic hypothesis derived from the SCP paradigm is as follows: Low levels of con-

centration - reflecting the presence of a substantial number of similar firms and the

absence of substantial barriers-to-entry - should be associated with price-cost margins

indicating normal profitability. Departures from competitive structural conditions,

or higher levels of concentration, should be associated with abnormal profitability

(Martin 1993).

More recently, the IO literature reformulated many arguments from the tradi-

tional SCP context into an explicit game theoretical setting. However, the results of

game theoretic analyses depend delicately on a range of factors that are impossible to

identify or to capture empirically (e.g., the formulation of the underlying game). Tra-

ditional cross-industry research focuses on empirical regularities and provides some

results that hold across a broad range of model specifications (Sutton 1991). In the

extreme, the SCP relation presumes that what is important in explaining a firm’s

profits are the characteristics of the industries in which it sells. Thus, all firms within

an industry should have the same profit rate or should at least converge to a com-

mon industry profit rate. As Biddle and Seow (1991) point out, the link between

industry structure and profitability has served as the basis for the concentration doc-

trine underlying the U.S. antitrust regulation. I describe three IO variables related to

concentration, barriers-to-entry, and market share. The first two variables are inter-

industry measures, whereas the last variable, MS, is measured at the firm-level and

therefore an intra-industry measure. I separately discuss some measurement issues

after the discussion of the variables.
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3.2.1.1 Inter-Industry Measures

First, the traditional IO literature considers concentration as a significant dimen-

sion of industry structure. Concentration refers to the degree of control of economic

activity of large firms in an industry. In other words, a measure of concentration

captures the size distribution of competitors and is therefore a direct measure of the

degree of oligopoly in an industry. The IO literature uses several concentration in-

dices.2 All of these indices are based on some indicator of activity or size of the firms

in the industry. I base my industry measure on the relative sales of the firms in the

industry as I believe that sales is the most adequate accounting proxy for the activity

level of the firm.3 Sales might be a better descriptor of real activity of a firm than total

assets or earnings because it is likely to be less influenced by accounting manipulation.

Based on the sales figure of each company, I compute the Herfindahl-Hirschman

Index [HHI] for each industry. I choose HHI as a summary measure of market

concentration because it reflects both the number of firms in the industry, N , and

the concentration of output of all firms in the industry, by incorporating the relative

size (market share, MSi) (Rhoades 1993):

HHI =
N∑
i=1

MS2
i (3.2)

As a result of squaring the market shares, the HHI places heavier weight on firms

with large market shares.4 Chakravarty (1995) discusses some formal criteria to judge

2Chakravarty (1995) mentions the k-firm concentration index, the Linda index, the Herfindahl-
Hirschman index, Shannon’s entropy measure, and the Gini-index.
3See also Dechow et al. (1995).
4Martin (1993, p.165) gives an alternative interpretion of the Herfindahl-Hirschman index by

observing that the variance of market shares in an industry with N firms, σ2MS , satisfies the following
expression:

Nσ2MS =

N∑
i=1

(
1

N
−MSi)

2 = HHI − 1

N

so that HHI = 1
N
+ Nσ2MS . Thus, HHI increases as the number of firms decreases and as the

variance of market shares increases.
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concentration measures, and HHI satisfies all of these desirable features.5 In sum-

mary, the concentration hypothesis states that greater concentration of sales, all else

equal, leads to less intense rivalry among the incumbants, and therefore higher ab-

normal profitability. The SCP paradigm explains abnormal profitability, it is also

possible to extend the analysis to an hypothesis in terms of UNA.

Second, in the SCP paradigm, industry structure is also explained by the pres-

ence of certain barriers-to-entry in addition to concentration. Barriers-to-entry

are the advantages of incumbents in an industry over potential entrants. They are

reflected in the extent to which incumbents can persistently raise their prices above

a competitive level without attracting new firms to enter the industry. Siegfried and

Evans (1994) review 70 empirical studies of entry patterns over the last two decades.

Entry increases competition and induces incumbent firms to operate as efficiently as

possible. The perceived threat of entry may encourage incumbent firms to behave

as if they are in a competitive market even when they are not. High past profits

and growing demand in an industry attract entrants. Entry deterrent actions include

heavy advertising, patenting, price cut threatening, and keeping excess capacity to

meet all expected demand.6 The consideration of barriers-to-entry introduces a dy-

namic element in the static SCP setting.

Lev (1983) and Biddle and Seow (1991) classify the industries in their sample into

two groups based on work by Palmer (1973). Specifically, they introduce barriers-to-

entry as an indicator variable in their research design. I follow a different approach

by measuring barriers-to-entry via a proxy for the capital intensity of the industry.

5These criteria are: homogeneity (measures should only depend on output shares, not on absolute
levels), symmetry, output transfer principle (concentration decreases if some output is transferred
from a large firm to a small firm, without reversing their ranking), zero output independence (deletion
of a firm with zero or close to zero output does not change the level of concentration), merger principle
(concentration increases when two firms merge), and continuity (a continuous variable).
6Siegfried and Evans make a distinction between structural and behavioral barriers. The former

exist because of the long-term, stable structural characteristics of an industry, not because of discre-
tionary conduct by incumbent firms. Examples of this type of barrier are: absolute cost advantages
over potential entrants (this can be related to capital intensity) and economies of scale. Behavioral
barriers are based on the behavior of incumbent firms: they threaten or behave in such a way that
they discourage other firms from entering the market.
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There exists empirical evidence in the IO literature that the cost of fixed capital

required to operate a minimum efficient scale plant has a strong negative effect on

entry (Siegfried and Evans 1994, p.130). Otherwise put, capital intensity is a way of

expressing the extent to which firms make binding commitments of resources. Firms

competing in capital-intensive industries typically have to bear large, unrecoverable

expenses in advance of actual production. Capital intensity is an expression of capital

commitment and can be an important entry deterrent. I measure capital intensity,

PPETA, with the ratio of property, plant, and equipment to total assets, i.e., a

measure of the firm’s capital commitment. The SCP paradigm suggests that firms in

industries with high capital intensity exhibit a higher abnormal profitability.

3.2.1.2 Intra-Industry Measure.

The traditional empirical IO literature follows Bain and uses the industry as the fun-

damental unit of analysis (Martin 1993). Schmalensee (1987) characterizes the SCP

paradigm as the differential collusion hypothesis, as opposed to the differential effi-

ciency hypothesis. The latter refers to intra-industry efficiency differences between

the firms in an industry: efficient firms obtain large market shares and earn abnormal

economic rents, as opposed to smaller firms. Demsetz (1973) was one of the first to

argue that products are more efficiently produced by firms possessing a large market

share, because they can produce at lower unit costs than smaller firms. Market

share can therefore be interpreted as the effect of scale-related efficiencies. Market

share is also a measure of market power related to quality differences, patent po-

sitions, and price discrimination (Caminal and Vives 1996). Appendix B explains

the theoretical basis of the efficiency hypothesis and how MS determines a firm’s

profitability. Oligopoly theory posits a positive relationship between market share

and profitability of the firm. Several empirical studies even find that concentration is

insignificant or negatively correlated with profitability when market share is included

in the analysis (Mueller 1986). I measure market share of a firm, MS, as the ratio of

its sales to the total sales of its industry. Based on the above discussion, I expect a

positive relation between MS and ROE and therefore also a positive relation between
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MS and UNA.

3.2.1.3 Measurement Error in the IO Variables.

The computation of all of the above IO proxies for UNA are based on information

provided by firms in their annual report, e.g. primary SIC classification, sales, total

assets, etc. These numbers are subject to possibly severe measurement error, causing

them to deviate from their economic concepts. The empirical IO research faces an im-

portant measurement issue related to accounting. Generally, IO researchers measure

the economic concept of profit with accounting proxies. As explained before, eco-

nomic earnings coincide with accounting earnings in a very artificial setting. Studies

that address this problem conclude that either accounting data provide poor measures

of economic concepts (e.g., Fisher and McGowan (1983) and Benston (1985)) or that

the choice of profit measure and its corresponding proxy greatly influences the results

of the analysis (e.g., Amato and Wilder (1995)). Although empirical researchers in IO

apparently seem to be aware of the existence of measurement problems in accounting

numbers, they typically do not study how the idiosyncracies of GAAP influence the

ability of accounting numbers to serve as proxies for economic concepts.7 Therefore,

I explicitly include a set of accounting recognition variables in my analyses to control

for these idiosyncracies. The impact on profitability measures is such that although

the return on the market value of equity adjusts swiftly in response to economic

events, the accounting rate of return adjusts slowly. To my knowledge, apart from

Van Breda (1981) no other study in the IO literature has explicitly taken accounting

biases into account in the research design.

The empirical IO literature also faces the problem of defining industries using SIC

codes that reflect the product being produced (i.e., supply side characteristic). In

7One exception is the study by Van Breda (1981), who views the accounting system as a series
of filters through which economic events are translated into accounting numbers such as operating
costs, sales, and profits. Because of this filtering process, the accounting numbers exhibit a different
response pattern to economic events than market values.
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addition, SIC based industry definitions sometimes do not correspond to the bound-

aries of economically meaningful markets (Bloch 1994). For example, a computer

hardware firm could dominate the national market, but its true competitors could

actually be foreign firms that are not included in the domestic SIC tables. The use

of geographic markets within a well-defined industry may provide better economic

market constructs than the use of a cross-section of SIC industries (Amel and Froeb

1991). Because I lack consistent and complete geographical data for the sample pe-

riod, I base my industry grouping on similarity of national output markets as in

Biddle and Seow (1991). Kahle and Walkling (1996) address a number of problems

with the SIC classification, e.g., the differences between CRSP and Compustat SICs

and their effects in financial research. I discuss my industry definitions in section 3.5

and report my classification in appendix C.

Another measurement problem is related to the fact that large firms operate in

different industries. As conglomerates become more important in the economy com-

pared to the traditional focused firms, concentration measures become increasingly

less relevant as measures of economic power (Dugger 1985). One way to address this

issue is to use segment information of firms and this might prove an interesting av-

enue for future research, as segment reporting is expected to improve in the future.

The fact that current segment reports show inconsistencies (e.g., sales of segments

does not sum to consolidated sales) and are only prepared by very large firms, makes

segment based industry definitions almost impossible.

To summarize, the three measurement issues mentioned above could affect the

results in my empirical analysis. Measurement error introduces a bias towards zero

on the coefficient of the badly measured variable, but also biases the coefficients of the

remaining variables in unknown directions (Greene 1993, p.284). If all variables are

measured with error, then the estimated parameters in the regressions are a mixture

of all of the parameters in the model.
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3.2.2 Accounting Recognition Variables.

I control for accounting recognition features in the research design for two reasons.

First, Beaver and Ryan (2000) show that aspects of the accounting recognition process

help predicting future ROE and therefore explain UNA. Value-relevant events are

not reflected in the financial statements of companies in a timely and unbiased way.

Rather, accounting numbers are derived within the boundaries of current GAAP, with

its conventions and rules regarding the recognition of economic events.8 As a conse-

quence, accounting recognition rules might influence and even impair the predictive

power of current ROE for future ROE through ω (persistence of abnormal earnings)

and g (growth of book value). Second, accounting recognition rules are also thought

to be an important source of unrecognized net assets (UNA). Typically, book value

of equity differs from market value, resulting in a market-to-book ratio greater than

one, suggesting positive UNA. Firms with a similar economic environment can have

different ROE patterns and different levels of UNA due to different accounting meth-

ods. I have three variables that measure aspects of accounting recognition.

The first variable is a firm’s yearly security return. RET (equal to MVt+DIVt

MVt−1
−1)

represents a market value surprise: positive (negative) returns are associated with

“good” (“bad”) news. The accounting conservatism principle causes an asymmetry in

the speed of recognition of good versus bad news. Negative returns will be recognized

faster in accounting earnings than positive returns (see Basu (1997) and Ryan (1995)).

Kieso and Weygandt (1995, p.51) define conservatism as “when in doubt choose the

solution that will be least likely to overstate assets and income”. However, there is

nothing in the conservatism convention urging the accountant to understate assets

and income. Examples of accounting conservatism are the use of the lower of cost or

market approach in valuing inventories and the rule that accrued net losses should be

recognized on firm purchase commitments for goods for inventory. Another example

is the writing down of physical assets to reflect obsolescence or impairments, but not

8In general, accounting recognition is the mechanism that translates transactions and economic
events to accounting numbers. The Statement of Financial Accounting Concepts (SFAC) 3 of the
FASB defines accounting recognition as the process of formally recording or incorporating an item
in the accounts and financial statements of an entity.
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revaluing them upward. A final example is the fully expensing of R&D investments,

as if R&D investments do not generate benefits in future years. Chapter 4 will discuss

the R&D issue in more detail.

Thus, conservatism results in a greater probability of timely accounting recogni-

tion of bad news than good news. As a result of accounting conservatism, earnings

have lower persistence in bad news periods relative to good news periods. Timeliness

and persistence are different ways of viewing the same phenomenon. More timeliness

means that more current value relevant news is recognized contemporaneously in

earnings, leaving less current value relevant news to be recognized in future earnings

(Basu 1997).9 More persistence in earnings means that less current value relevant

news is reported in current earnings, and more of it will be reported in future earn-

ings. Persistence is reflected in the ω parameter in the ROE prediction and valuation

equations: a lower ω indicated lower abnormal earnings persistence. Thus, firms with

bad news (negative security return) are hypothesized to have a lower ω, and conse-

quently a lower coefficient on ROE in the ROE prediction and valuation equations,

holding growth constant across firms.

The second recognition variable represents a firm’s one time items or non-

recurring items. In particular, ONE is equal to the sum of special items (Compustat

data17), extraordinary items and discontinued operations (data48), scaled by annual

sales (data12). Special items represent unusual or non-recurring items (but not both)

presented before taxes, and include, for example, write-downs or write-offs of receiv-

ables and intangibles, flood or fire losses, non-recurring profit or loss on the sale of

assets or investments. Elliott and Hanna (1996) show that the distribution of spe-

cial items is noticeably asymmetric, with firms more often reporting negative than

positive special items. Also, since 1981 there is an increasing frequency of negative

9Collins et al. (1994) give two reasons for the lack of timeliness in earnings: (1) the delay in
accounting numbers picking up changes in net asset values associated with events in the current
period that have not met the condition for accounting recognition, but which do impact investor’s
future cash flow expectations and hence returns (e.g., FDA drug approval), and (2) the tendency
of accrual accounting to lag recognition of expected future benefits from current cash expenditures
recognized currently as expenses (e.g., R&D expenses).
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special items, coinciding with the increasing frequency of corporate restructurings

since the beginning of the 1980s. Positive special items arise primarily from sales

of assets, subsidiaries, and investments. Discontinued operations and extraordinary

items differ from special items in that both are reported below “earnings from contin-

uing operations” on the income statement (net of any associated tax consequences).

Extraordinary items must be both unusual in nature and occur infrequently. One

time items are likely to be more transitory than earnings before non-recurring items

(or core earnings), resulting in a lower persistence parameter ω for firms with one

time items relative to firm without these items. Thus, firms with one time items

(ONE �= 0) are hypothesized to have a lower ω, and consequently a lower coefficient

on ROE in the ROE prediction and valuation equations, holding growth constant

across firms.

The third variable focuses on the difference between positive and negative

earnings. In particular, NEGNI is a dummy variable equal to one if a firm has a

negative net income before extraordinary items (data237), and zero otherwise. Hayn

(1995) and Collins et al. (1999) report a dramatic increase over time in the relative

frequency of losses (i.e., NEGNI = 1), from about 3% in the 1960s to over 30% in

the late 1980s. Hayn (1995) shows that the increase is partially due to the changing

composition of firms covered by Compustat. Also, the frequency of losses is much

higher for small firms compared to large firms. There is a monotonic relation between

firm size and the probability of a loss. In addition, the increased frequency of losses

also occurs when net income is measured before all one time items (i.e., before special

items, extraordinary items and discontinued operations). Basu (1997) argues that

U.S. GAAP has become more conservative as a response to increased auditor liability

exposure, resulting in a higher frequency of losses. I hypothesize that firms with neg-

ative net income exhibit lower earnings persistence (ω) and thus a lower coefficient

on ROE in the ROE prediction and valuation equations, holding growth constant

across firms.
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3.2.3 Controlling for Growth.

Apart from the two main categories of variables of interest, I also control for growth

in the ROE prediction equations (i.e., eqs.(2.20), (2.21) and (2.27)) and the ROE-

based valuation equations (i.e., eqs. (2.32), (2.33) and (2.31)). Growth affects future

ROE and UNA in two ways through the parameter g. First, the coefficient on ROE

decreases as g increases, i.e., the ROE persistence effect of growth. Second, the inter-

cept increases with growth. In the valuation model, higher future growth results in a

higher level of UNA.10 Growth might also affect the discount rate r in the valuation

equation. In particular, growth firms are often small.11 Banz (1981) is one of the first

to show the existence of a size effect in stock returns, indicating that small firms are

riskier than large firms. As a result, the ROE coefficient in the valuation model will

be lower for high growth-high risk firms and higher for low growth-low risk firms.

Similar to Dechow et al. (1999) and Beaver and Ryan (2000), I measure GROW

by the earnings retention rate: 1− DIVt

|NIt| . GROW is constrained to be between zero

(full payout, low growth) and one (zero payout, high growth). The absolute value

sign on net income is needed for the case in which loss firms still pay out dividends.

Beaver and Ryan (2000) find that dividend payout is a significant predictor of future

growth in sales and book value, whereas past growth in sales and book value are not

significant predictors of sales and book value beyond two years. Also, the dividend

payout growth measure is consistent with the characterization of growth in terms of

reinvestment: firms with positive NPV projects reinvest their earnings and do not pay

dividends (and thus grow), whereas firms with only negative NPV projects available

pay out their earnings to their investors.

10 The partial derivative of scaled UNA with respect to g is: ∂UNA/BV
∂g

= −ω(ROE−r)
(1+g)2(1+r−ω) . For

firms with negative (positive) abnormal ROE, a high level of growth is associated with high (low)
scaled UNA. In chapter 4, I will show how growth introduces a recognition bias in reported ROE.
11Unreported analysis reveals that low growth firms are on average 3.2 times larger than high

growth firms, when using GROW as a growth measure.
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3.3 Statistical Analyses.

In this section, I present the econometric specification of the ROE prediction and

UNA models discussed in sections 2.3.3 and 2.4.2 of the previous chapter. The anal-

ysis focuses on the ROE prediction equation (2.27) and ROE-based valuation equa-

tion (2.31) that includes proxies for other information. I propose tests to investigate

whether accounting recognition features (measured by RET , ONE and NEGNI)

and features of the competitive environment (measured by MS, HHI and PPETA)

affect the ROE prediction and valuation parameters as hypothesized. I formulate the

hypotheses in the next section. In addition, I describe two benchmark models (for

both ROE prediction and valuation) that exclude other information proxies.

3.3.1 ROE Prediction and Valuation With Other Informa-

tion Proxies.

Since I extensively discussed the models in chapter 2, I only present the regression

equations to predict future ROE and to explain scaled UNA. I refer to sections 2.3.3

and 2.4.2 for the interpretation of the coefficients in the equations.

ROEt+1 = α0 + α1
1

BVt
+ α2ROEt + α3MSt + α4HHIt + α5PPETAt + et+1

(3.3)

UNAt
BVt

= β0 + β1
1

BVt
+ β2ROEt + β3MSt + β4HHIt + β5PPETAt + ut (3.4)

where ROEt = NIt
BVt−1

, BV is book value of equity, MS is market share, HHI is

Herfindhal-Hirschman index, and PPETA is the proportion of property, plant and

equipment in total assets (capital intensity). The variables MS, HHI and PPETA

represent the competitive environment proxies. Since the accounting recognition fea-

tures affect BV , ROE and g, and thus also the intercept and coefficient on 1
BV

and

on ROE, I introduce them into the model in another way than the competitive envi-

ronment proxies (see below).

I carry out a multivariate pooled cross-sectional time-series regression analysis
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to estimate the αs and the βs in the above equations. Similar to previous studies

(such as Collins et al. (1999) and Monahan (1999)), I divide the sample into groups

of firms with similar accounting recognition features. In particular, I partition the

sample based on the three accounting recognition variables and the growth variable

as indicated in table 3.1.

The interpretation “more conservative” is equivalent to faster accounting recogni-

tion, and “less conservative” to slower accounting recognition in table 3.1. I estimate

equations (3.3) and (3.4) for the pooled sample and each partition and assume a

heteroskedastic error variance matrix (White, 1980). The standard errors on the

regression estimates are therefore corrected for heteroskedasticity. I apply a multi-

variate outlier deletion rule that eliminates observations at the 1% tails of the DFFITS

distribution. The coefficients for both equations are assumed to be constant for all

firms within the same sample partition. I do not choose a firm-specific regression

approach due to the short time series per firm: there are maximum 18 observations

per firm (see section 3.5). I also control for time effects by partitioning the sample

and each of the above described subsamples into four time periods: 1978-1980, 1981-

1985, 1986-1990, and 1991-1995. The coefficients in (3.3) and (3.4) are therefore not

restricted to be constant over time. The control for time effects is motivated by the

findings of Collins et al. (1997) who show that there are systematic changes in the

value relevance of earnings and book values over time. Basu (1997) also argues that

U.S. GAAP has become more conservative over time.

The main tests focus on the statistical significance of the competitive structure

proxies, and on the behavior of the intercept and coefficient on ROE across the sam-

ple partitions in table 3.1. I formulate the hypotheses on the coefficients in section 3.4.

In addition to testing the statistical significance of the coefficients in equation (3.3)

and (3.4), I run three evaluation tests to check the specification of the model. The

first test focuses on the implied restriction between the intercept and the coefficient

on ROE in the ROE prediction model as discussed in section 2.3.2: roeimplied =
α0

1−α2
.
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Table 3.1:

Sample partitioning based on accounting recognition and growth a

Partitioning Criteria Interpretation b Results c

1 pooled - no partitioning table 3.3

2 growth
GROW � 1 LG

table 3.4
GROW = 1 HG

3 growth - security return

GROW < 1 and RET > 0 LG - LC table 3.5-3.6 panel A
GROW = 1 and RET > 0 HG - LC table 3.5-3.6 panel B
GROW < 1 and RET � 0 LG - MC table 3.5-3.6 panel C
GROW = 1 and RET � 0 HG - MC table 3.5-3.6 panel D

4 growth - one time items

GROW < 1 and ONE � 0 LG - LC table 3.7-3.8 panel A
GROW = 1 and ONE � 0 HG - LC table 3.7-3.8 panel B
GROW < 1 and ONE < 0 LG - MC table 3.7-3.8 panel C
GROW = 1 and ONE < 0 HG - MC table 3.7-3.8 panel D

5 growth - sign earnings

GROW < 1 and NEGNI = 0 LG - LC table 3.9-3.10 panel A
GROW = 1 and NEGNI = 0 HG - LC table 3.9-3.10 panel B
GROW < 1 and NEGNI = 1 LG - MC table 3.9-3.10 panel C
GROW = 1 and NEGNI = 1 HG - MC table 3.9-3.10 panel D

a I refer to section 3.2 for the definition of the variables in table 3.1.

b The codes indicate the following: LG (low growth), HG (high growth), LC (less conservative), MC (more conservative).

c The regression results are reported in the indicated tables in section 3.6.1.1.
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roeimplied represents the long term average ROE level in the ROE prediction model.

If accounting conservatism has no effect in the long run, then roeimplied is expected

to be close to the cost of capital (r). However, Beaver and Ryan (2000) identify a

permanent accounting bias in ROE, and as a result, the long run level of ROE could

be different from the cost of capital. A similar restriction exists between the intercept

and coefficient on ROE in the valuation equation (3.4): rimplied = −β0
β2

(see section

2.4.2).12 If r is interpreted as a cost of capital, then reasonable values for rimplied

should fall within a range between 5% and 25%. Two factors could account for vi-

olating the implied parameter restriction: (1) the intercept α0 (β0 respectively) also

captures the mean of the omitted variables in the ROE prediction model (valuation

model respectively). If the competitive structure proxies and accounting recognition

partitioning are not sufficiently capturing these omitted variables, then the intercept

is different from its theoretical value; (2) the relation could not hold cross-sectionally

because of differences in risk between firms within the same sample partition.

The second evaluation test examines the ROE persistence coefficient α2 in more

detail. Since ROE persistence has a central role in the prediction of future ROE

and therefore in ROE-based valuation models, it is important to understand its

determinants. In particular, I examine the association between α2 in eq.(3.3) and

my competitive structure and accounting recognition proxies. I estimate a ROE

persistence parameter for each firm with at least 8 sequential observations on ROE

by the following regression: ROEt+1,i = ai + biROEt,i + εt+1,i. I then regress these

firm specific ROE persistence estimates bi on firm specific time series averages of

the three competitive structure proxies (MS, HHI and PPETA) and the three

accounting recognition proxies (RET , ONE and NEGNI):

bi = ξ0 + ξ1RET i + ξ2FREQ(#ONEi≤0) + ξ3FREQ(#NIi≤0)
+ξ4MSi + ξ5HHIi + ξ6PPETAi + ξ7GROW i + κi

(3.5)

12O’Hanlon and Steele (1997) propose the same method to calculate the equity risk premium from
accounting fundamentals. Their cost of equity estimates are also estimated from regressing scaled
UNA on ROE and using the coefficient restriction between the intercept and slope to derive r̂. On
a sample of 136 U.K. firms, they find a median cost of equity estimate of 0.08 with an interquartile
range of [0.06,0.11].
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where bi is the ROE persistence estimate of firm i, the overlined variables represent

the time series averages of the respective variables for each firm i, FREQ(#ONEi≤0)
is the number of times firm i experienced negative one time items (as a proportion

of the total number of years), and a similar definition applies to FREQ(#NIi≤0). I

expect the following signs on the coefficients:

ξ1, ξ4, ξ5, ξ6 > 0 and ξ2, ξ3, ξ7 < 0

The sign predictions follow from the discussion of the variables in section 3.2. For ex-

ample, firms that show a higher frequency of negative one time items will have lower

ROE persistence because negative one time items are transitory in nature. The pre-

dictions on the competitive structure variables are consistent with the IO literature

on the convergence of profit rates (Mueller 1990).

The third evaluation test focuses on the consistency between the empirical co-

efficient estimates of the ROE prediction model and those of the valuation model

with respect to the competitive environment proxies. In section 2.4.2 I showed that

a variable’s ability to predict future ROE is a necessary condition for that variable

to be significant in the valuation model. In particular, I examine whether the signs

of the coefficients on ROE, MS, HHI, and PPETA are consistent with the signs

of the coefficients on these variables in the valuation model. It would be inconsistent

with the theoretical valuation model for a variable to have a significant coefficient

with a positive sign in the ROE prediction model, and a significant opposite sign

in the valuation model. I report sign consistencies for the regression coefficients on

ROE, MS, HHI, and PPETA between the ROE prediction equation and valuation

equation on all sample partitions in table 3.1.

3.3.2 Benchmark ROE Prediction and Valuation Equations.

I estimate the two benchmark ROE prediction and valuation equations that are

discussed in section 2.3.3 and 2.4.2. The first benchmark model simply omits the
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other information proxies from equations (3.3) and (3.4):

ROEt+1 = α0 + α1
1

BVt
+ α2ROEt + et+1 (3.6)

UNAt
BVt

= β0 + β1
1

BVt
+ β2ROEt + ut (3.7)

Equation (2.11) in chapter 2 represents an unscaled version of the valuation equation

(3.7) and is often used in the recent accounting literature (such as Collins et al. (1997)

and Barth et al. (1998)). The ROE prediction model is based on the LID3 assump-

tion explained on page 24. I refer to section 2.2.3 for a discussion on the valuation

coefficients and possible specification problems.

The second set of benchmark equations is based on models (2.21) and (2.33) from

chapter 2:

ROEt+1 = α0 + α1ROEt + α2ROEt−1 + et+1 (3.8)

UNAt
BVt

= β0 + β1ROEt + β2ROEt−1 + ut (3.9)

As explained in section 2.3.3, the coefficient on ROEt−1 in (3.8) indicates whether the

abnormal earnings forecast error persists over time, i.e. δ �= 0. A positive α2 suggests a

negative forecast error persistence, and vice versa. In general, a significant coefficient

on ROEt−1 indicates that the simple ROE prediction model in (3.6) is misspecified.

As a result, the coefficient on ROEt in the valuation equation (3.7) is understated in

the case of a positive δ (i.e., positive abnormal earnings forecast error persistence),

and overstated in the case of a negative δ. To see this, one needs to compare β1 in

eq.(2.32) to β1 in eq.(2.33). The implied ROE persistence, ωimplied, and forecast error

persistence, δimplied, are computed according to (2.23). I also report the implied long

run ROE level for the ROE prediction model, calculated as roeimplied = α0

1−α2
, and

the implied cost of capital for the UNA valuation model, calculated as rimplied = −β0
β2
.
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3.4 Hypotheses.

Four hypotheses (presented below) are tested relating to the variables presented in

section 3.2: competitive structure, accounting recognition and growth. Each hypoth-

esis has two parts, a part that relates to the ROE prediction equation (3.3), and

another part that relates to the valuation model (3.4). The first two hypotheses re-

late to the competitive structure proxies, the third hypothesis relates to the three

accounting recognition features, and the last hypothesis considers growth.

First, based on the discussion in section 3.2.1.1, the inter-industry IO related

hypotheses are derived. The SCP paradigm states that concentration and barriers-

to-entry are the main sources that prevent a firm’s economic profits to decrease. The

level of a firm’s economic profitability depends upon characteristics of the industry

in which the firm is active. According to the paradigm, intra-industry characteristics

are only relevant to explain short-term firm differences. However, long-term equi-

librium profitability levels are completely driven by inter-industry differences. The

inter-industry related variables affect abnormal economic profits: Higher concentra-

tion and barriers-to-entry are expected to generate higher abnormal profits and also

higher abnormal profit persistence (reflected in α2 in eq.(3.3) and a positive ξ5 and

ξ6 in eq.(3.5)). Since economic profits are thought to be positively correlated with

accounting earnings, the predicted relation between the inter-industry IO measures

and future ROE is also positive. As a result of the predicted effect on future ROE,

both HHI and PPETA are expected to positively influence scaled UNA.

Hypothesis 1a: The relation between the inter-industry measures (HHI and PPETA)

and future ROE is expected to be positive: α4 > 0 and α5 > 0 in eq.(3.3).

Hypothesis 1b: The relation between the inter-industry measures (HHI and PPETA)

and scaled UNA is expected to be positive: β4 > 0 and β5 > 0 in eq.(3.4).

Second, I include market share MS as an intra-industry variable in the analyses.

The motivation to focus on MS is given by the efficiency hypothesis: firms with
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higher efficiency, or lower than industry average marginal production costs, have

larger market shares, and higher profitability. I formalize the efficiency hypothesis in

Appendix B. The hypothesis follows directly from oligopoly theory. Without referring

to the efficiency hypothesis, MS represents a firm’s market power, reflecting dominant

relations with suppliers and/or retailers. For example, Microsoft’s large market share

in the software industry is associated with the use of its dominant position towards

retailers resulting in higher profitability rates than those of firms with lower market

shares. Therefore, MS is expected to have a positive effect on future ROE and a

positive effect on ROE persistence, i.e. a positive ξ4 in eq.(3.5). MS is also expected

to be positively valued by the stock market. The following two hypotheses are related

to market share.

Hypothesis 2a: The relation between MS and future ROE is expected to be positive:

α3 > 0 in eq.(3.3).

Hypothesis 2b: The relation between MS and scaled UNA is expected to be positive:

β3 > 0 in eq.(3.4).

Third, I consider the hypotheses on my accounting recognition variables RET ,

ONE and NEGNI. Consistent with Basu (1997) and Beaver and Ryan (2000), a

positive association between lagged recognition and ROE persistence is expected.

That is, firms with shorter recognition lags are expected to have lower ROE persis-

tence. As explained in section 3.2.2, lagged recognition of good news (or conservatism)

causes unexpected economic gains, reflected in positive market value surprises or pos-

itive security returns (RET > 0), not to be immediately associated with increases of

accounting earnings. Rather, the gains are recognized over subsequent periods after

the market surprise, and book value of equity slowly catches up with market value.

This process causes serial correlation in ROE. However, firms with unexpected eco-

nomic losses or negative security returns will recognize these losses immediately, and

are expected to have lower ROE persistence. Firms with a large recognition lag are

expected to have larger UNA than firms with a small recognition lag. As an example,

the real estate industry is frustrated with depreciation accounting because real estate
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often does not decline in value. Typically, real estate firms have large market-to-book

ratios.

Negative one time items (ONE < 0) represent the recognition of unusual and/or

non-recurring adverse events in the income statement, for example a loss on a sale

of assets. Since these items are transitory, firms with negative one time items are

expected to have lower abnormal earnings persistence (and thus lower ROE per-

sistence), and therefore a lower coefficient on current ROE in the valuation model,

ceteris paribus. Firms with negative accounting earnings (NEGNI = 1) are expected

to have lower ROE persistence and thus a lower coefficient on ROE in the valuation

equation. Based on the above discussion of the three accounting recognition variables,

the following two hypotheses are derived.

Hypothesis 3a: Firms with shorter accounting recognition lags, as reflected by neg-

ative security returns (RET < 0), or negative one time items (ONE < 0), or

negative earnings (NEGNI = 1), are expected to have lower ROE persistence:

α2 is lower and α0 is higher in eq.(3.3) for firms with shorter recognition lags

(or more conservative firms), ceteris paribus.

Hypothesis 3b: Current ROE is less informative about scaled UNA for firms with

shorter accounting recognition lags, as reflected by negative security returns

(RET < 0), or negative one time items (ONE < 0), or negative earnings

(NEGNI = 1): β2 is lower and β0 is higher in eq.(3.4) for firms with shorter

recognition lags (or more conservative firms), ceteris paribus.

Fourth, I consider the effect of future growth on the coefficients in the ROE

prediction and scaled UNA equation. It is clear from inspecting equations (2.26)

and (2.31) that higher growth (g) corresponds with a lower coefficient on ROE and a

higher intercept. The prediction on the coefficient of ROE is consistent with Monahan

(1999). He shows in his equation (4) that the ROE of firms exhibiting high recent

growth and large recognition lags between earnings and security returns is biased

below the economic return. As a result, past and current ROE of rapidly expanding
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firms are biased downwards, and past and current series of ROE are rather dissimilar

from the future series of ROE. This means that past residual income and ROE

are not particularly useful for predicting future residual income and ROE for high

growth firms. I formalize the effect of growth on current and future ROE and UNA

in chapter 4.

Hypothesis 4a: Current ROE is less informative for future ROE for high growth

firms compared to low growth firms: α2 is lower and α0 is higher in eq.(3.3) for

high growth firms.

Hypothesis 4b: Current ROE is less informative about UNA for high growth firms

compared to low growth firms: β2 is lower and β0 is higher in eq.(3.4) for high

growth firms.

3.5 Data and Sample.

3.5.1 Sampling Procedure.

The data are obtained from the Standard and Poor’s Compustat CDROM of July

1997. The sample covers the period 1977-1996. The initial sample contains 12,772

firms. When I define the industry variables (inter- and intra industry measures), I

use the largest sample possible, i.e., I use all firm-year observations with non-negative

sales. This criterion results in a sample size of 96,956 firm-years. Within that sample

I define 74 industries based on the SIC codes of the firms. I use an industry grouping

scheme similar to the scheme used by Biddle and Seow (1991). The scheme is guided

by the objective of obtaining a minimum of 8 firms a year in each industry while

attaining the highest possible intra-industry homogeneity. Appendix C provides an

overview of the 74 industries with their respective number of observations. On an

annual basis, the yearly average number of observations per industry varies between

11 and 336.
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I next impose a number of additional restrictions on the observations. First I re-

quire that firms have no missing values for current and one year ahead ROE (needed

for the ROE prediction model), and on all other variables used in the analyses. Sec-

ond, I require that book value is non-negative, since ROE has no economic meaning

for firms with negative book value of equity. Third, consistent with previous studies

on ROE prediction, I delete the 2% most extreme observations (the 1st and 100th

percentile) of the ROE and UNA distributions. After these restrictions, I retain a

sample size of 27,558 firm-year observations.

3.5.2 Descriptive Statistics.

Table 3.2 provides some descriptive statistics on the variables for the sample firms.

The table shows that the distribution of a number of key variables is heavily skewed

in the sample. For example, the mean of ROE is significantly lower than the median

after 1980, indicating that the distribution of ROE is skewed to the left. Consistent

with the findings of Hayn (1995) and Collins et al. (1999), the frequency of losses

increases over the sample period: Q1 of ROE is negative after 1986, and the mean of

ROE is gradually declining over time, from 0.18 in the late 1970s to 0.03 in the early

1990s. The central measure in this study, scaled UNA, is on average much larger than

zero, is heavily skewed to the right, and is increasing over time. Scaled UNA larger

than zero corresponds with a market-to-book ratio larger than one. The evolution

of scaled UNA could indicate an increase in conservatism over time, consistent with

Basu (1997). Market share, MS, is decreasing over time, indicating an increase in the

number of (smaller) firms, and possibly higher competition. The trend in MS also

corresponds with the decline in industry concentration over time, measured by HHI.

Capital intensity, PPETA, is also declining, what could indicate lower barriers-to-

entry, but also a possible increase in importance of intangible capital. For instance,

Lev and Zarowin (1999) document an increase in business change due to the increas-

ing importance of intangible investments over the last two decades. They argue that

the evolution in intangible investments is responsible for the systematic decline of
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Table 3.2:

Descriptive statistics on key variablesa

Variable Period Obs Mean Q1 Median Q3

UNA

BV

1978-80 2,446 0.549 -0.256 0.114 0.941

1981-85 5,834 0.977 -0.009 0.539 1.459

1986-90 8,094 0.941 -0.027 0.501 1.386

1991-95 11,184 1.375 0.122 0.803 2.041

ROE

1978-80 2,446 0.181 0.110 0.179 0.246

1981-85 5,834 0.102 0.040 0.124 0.198

1986-90 8,094 0.062 -0.007 0.091 0.179

1991-95 11,184 0.031 -0.035 0.083 0.173

MS

1978-80 2,446 0.027 0.005 0.013 0.032

1981-85 5,834 0.023 0.002 0.009 0.028

1986-90 8,094 0.019 0.002 0.007 0.021

1991-95 11,184 0.016 0.001 0.006 0.019

HHI

1978-80 2,446 0.059 0.031 0.044 0.072

1981-85 5,834 0.057 0.030 0.041 0.067

1986-90 8,094 0.052 0.025 0.034 0.061

1991-95 11,184 0.041 0.020 0.028 0.049

PPETA

1978-80 2,446 0.334 0.199 0.295 0.425

1981-85 5,834 0.330 0.184 0.290 0.428

1986-90 8,094 0.307 0.151 0.259 0.413

1991-95 11,184 0.299 0.122 0.235 0.425
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Table 3.2:

Descriptive statistics on key variablesa

Variable Period Obs Mean Q1 Median Q3

RET

1978-80 2,446 0.326 -0.043 0.192 0.540

1981-85 5,834 0.191 -0.189 0.077 0.433

1986-90 8,094 0.043 -0.278 -0.029 0.267

1991-95 11,184 0.205 -0.214 0.063 0.425

ONE

1978-80 2,446 0.003 0.000 0.000 0.000

1981-85 5,834 0.004 0.000 0.000 0.000

1986-90 8,094 -0.017 0.000 0.000 0.000

1991-96 11,184 -0.364 -0.004 0.000 0.000

GROW

1978-80 2,446 0.782 0.690 0.812 1.000

1981-85 5,834 0.810 0.696 0.918 1.000

1986-90 8,094 0.858 0.802 1.000 1.000

1991-96 11,184 0.892 0.922 1.000 1.000

a The data are collected from PC Plus Compustat (July 1997) over the period 1978-1995.

Q1 and Q3 represent the first and third quartile of the distribution. UNA
BV

represents
unrecognized net assets and is the difference between market value and book value of
equity measured at the end of the fiscal year, scaled by book value of equity. ROE is
defined as income before extraordinary items divided by beginning-of-year book value.
MS is market share, defined as the ratio of a firm’s annual sales to the total sales of
its industry (see Appendix C for an overview of the industries). HHI is the Herfindhal-
Hirschman index of industry concentration. PPETA is the ratio of property, plant
and equipment to total assets, i.e. a capital intensity measure. RET is yearly security
return over the fiscal year. ONE represent one time items, i.e. the sum of special items,
extraordinary items and discontinued operations relative to annual sales. Finally, GROW

is the growth variable based on the dividend payout ratio: 1− DIVt
|NIt| .

financial information to investors, as manifested by a weakening association between

market values and earnings, cash flows, and book values. Security return, RET , has a

large variance and is heavily skewed to the right. The negative median return of 2.9%

in the second half of the 1980s is caused by the two stock market crashes (in 1987

and 1989). The one time items, ONE, are on average slightly positive in the period
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1978-1985, but negative in the years after 1985. The observation that firms more

frequently report negative one time items since the 1980s is consistent with findings

of Elliott and Hanna (1996). Finally, table 3.2 documents a increase in the growth

measure GROW over the years. Since GROW is calculated from the dividend payout

ratio, the evolution of GROW should be related to the dividend paying behavior of

firms over the last two decades. In 1978 58% of the sample firms paid dividends,

whereas only 28% of the firms paid dividends in 1995. As a result, relatively more

firms are classified as “growth” firms in more recent years. One explanation for the

shift in dividend payout behavior is that the sample consists of relatively more smaller

firms in more recent sample years. Smaller firms typically do not pay dividends to

their investors.

3.5.3 Bivariate Relation Between ROE and UNA

Before discussing the regression results, I document some characteristics of the bivari-

ate relation between UNA and ROE for the pooled dataset in the period 1978-1995.

Figure 3.1 consists of 4 parts. Parts a and b are two dimensional density plots of

the bivariate UNA-ROE data. The convex relation between UNA and ROE is also

demonstrated by Burgstahler and Dichev (1997) in their figure 3. The black spots in

the greyscale plot (part b) indicate a high concentration of observations in the ROE

range between 0 and 0.2 and the scaled UNA range between -0.5 and 1. The box

and whisker plot in part c focuses on the distribution of UNA for 10 portfolios of

ROE, where 1 (10) indicates the portfolio with the lowest (highest) level of ROE.

Interestingly, the largest outliers (graphed by the whiskers) occur for the extreme

portfolios, and are lowest for portfolios 6 to 8. This observation is relevant for the re-

gression analysis, since regression results are sensitive for extreme observations. The

’hinges’ indicate the quartiles (the white line is the median). The interquartile range

of UNA is highest for the extreme portfolios. Finally, part d represents a smooth

curve showing the relation between UNA and ROE. The curve is estimated by the

lowess scatterplot smoother that uses a robust locally linear fit (Venables and Ripley
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1994, p.250).

In his discussion note, Burgstahler (1998) reviews the literature on the relation

between market value, book value and earnings. At least four papers confirm the con-

vex relation between the market-to-book ratio and ROE as shown in figure 3.1. The

option-like adaptation conjecture put forward by Burgstahler and Dichev (1997) does

not fully explain the curve, especially the part of the curve in part d that increases if

ROE becomes more negative. Ohlson’s LID does not fully explain that part of the

curve either. Since none of the existing valuation theories can explain the shape of

the curve for the lowest ROE firms, this “anomaly” still remains unsolved. However,

I showed in footnote 10 that the partial derivative of UNA with respect to growth is

positive for firms with negative abnormal ROEa. Unreported analysis indicates that

low ROE firms are often high growth firms, and thus experience a positive effect on

UNA from growth. In chapter 4, I formalize the growth bias in ROE and its effect

on UNA.

3.6 Regression Results.

This section consists of two parts. First, I report the regression results on the ROE

prediction equation (3.3) and valuation equation (3.4). Second, I show results on the

estimation of the two benchmark models that are discussed in section 3.3.2.

3.6.1 ROE Prediction and Valuation With Other Informa-

tion Proxies.

3.6.1.1 Regression Results.

I discuss the regression estimation results on equations (3.3) and (3.4) for the five

sample partitions identified in table 3.1. The results are reported in tables 3.3 to 3.10.
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Figure 3.1:
Bivariate relation between UNA and ROE
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Table 3.3:

ROE prediction and valuation regressions: pooled sample

PANEL A : ROE Predictionb

Period Obs Intercept 1
BVt

ROEt MSt HHIt PPETAt R2

1978-80 2,350 0.03 0.01 0.66 0.05 0.03 0.03 0.46
(4.95) (0.69) (37.19) (1.10) (0.80) (2.97)

1981-85 5,601 0.02 -0.06 0.67 0.25 -0.04 -0.02 0.44
(3.75) (-4.58) (45.43) (5.61) (-0.96) (-1.87)

1986-90 7,755 0.01 -0.02 0.61 0.30 -0.08 0.02 0.39
(1.67) (-1.87) (46.59) (7.04) (-2.30) (2.23)

1991-95 10,718 -0.01 -0.10 0.66 0.50 0.01 0.03 0.43
(-2.43) (-5.25) (60.68) (8.27) (0.28) (4.42)

PANEL B : UNA Regressionb

Period Obs Intercept 1
BVt

ROEt MSt HHIt PPETAt R2

1978-80 2,350 -0.68 1.71 4.32 -0.81 -0.12 0.77 0.30
(-9.69) (6.73) (20.02) (-1.53) (-0.21) (5.35)

1981-85 5,601 0.67 1.15 2.47 -1.75 -0.30 -0.32 0.11
(9.89) (6.21) (13.69) (-2.91) (-0.53) (-2.44)

1986-90 7,755 0.52 1.65 2.06 1.76 -1.49 0.09 0.12
(10.55) (15.40) (16.35) (3.04) (-3.62) (0.89)

1991-95 10,718 1.64 1.98 0.78 2.10 -7.16 -1.01 0.06
(29.22) (10.15) (6.61) (2.56) (-12.31) (-10.30)

a I refer to table 3.2 for the definitions of the variables.
b The regressions are of the following form:

ROEt+1 = α0 + α1
1

BVt
+ α2ROEt + α3MSt + α4HHIt + α5PPETAt + et+1 (3.3)

UNAt

BVt
= β0 + β1

1

BVt
+ β2ROEt + β3MSt + β4HHIt + β5PPETAt + ut (3.4)

The above equations are estimated separately for each sample period indicated in the first
column. Beneath each of the coefficient estimates is the associated White-corrected t statistic.

The first set of regression results are reported in table 3.3 for the pooled sample

with no partitioning. Panel A shows that the explanatory power of the ROE predic-

tion model is stable across the sample periods (the R2 varies between 0.39 and 0.46)

and is comparable to the explanatory power of the unscaled NIa prediction model in

table 2 of Barth et al. (1999). The ROE autocorrelation coefficient is also stable over

time (α2 lies between 0.61 and 0.67) and similar in magnitude to the mean coefficient

on NIat reported in table 2 of Barth et al. (1999). Hypothesis 2a is strongly supported

since MS has a positive effect on future ROE. Hypothesis 1a is only supported by

PPETA, and not by HHI. That is, the fixed assets proportion has a positive impact
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on future ROE.

The valuation results in panel B of table 3.3 show a different picture than the

ROE prediction model. Consistent with the results in table 3 of Lev and Zarowin

(1999), the coefficient on ROE as well as the explanatory power (R2) are signifi-

cantly declining over time (e.g., R2 decreases from 0.30 in the late 1970s to 0.06 in

the 1990s), indicating a decreasing value relevance of earnings and book value (or

ROE) over the sample period. Lev and Zarowin (1999) give an overview of recent

accounting papers that discuss the value relevance of earnings and book value. They

argue that an increase in the rate of business change over the last two decades is

responsible for the value relevance decline of summary accounting numbers. One of

the major drivers of business change is intangible investments, such as investments

in R&D, information technology, brands, and human resources. I provide evidence in

table 3.4 that supports their conjecture.

The estimation results of the coefficients on the competitive environment prox-

ies are mixed. Hypothesis 2b on the effect of MS on UNA is only supported in

the years after 1985. However, hypothesis 1b is not supported at all by HHI and

PPETA. That is, the inter-industry competitive structure measures (concentration

and barriers-to-entry) have no significant positive effect on UNA (They often even

have a negative effect on UNA). Possible reasons for the rejection of the compet-

itive environment related hypotheses 1 and 2 for a broad cross-section of firms are

discussed in section 3.2.1.3. One explanation is measurement error in these industry-

related proxies when measured on a broad set of firms. A more precise definition of

the industry (or competitive markets) and better proxies for the level of competition

and barriers-to-entry (e.g., knowledge capital could be far more important than fixed

assets as a barrier-to-entry) are needed. For these reasons, I focus on one particular

industry in chapter 4. An alternative explanation for the increasing negative coeffi-

cients on HHI and PPETA in the valuation equation is as follows. Table 3.2 shows

a decline in industry concentration (median HHI decreasing from 0.044 to 0.028)

and fixed assets barrier-to-entry (median PPETA decreasing from 0.295 to 0.235)
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over the sample period, coinciding with a negative valuation multiple on HHI and

PPETA that increases in absolute value. Typically, highly concentrated industries

consist of a few large firms (e.g., photographic equipment and toys industry) that

are more mature. On the other hand, low concentration industries consist of a large

number of firms with many smaller ones (e.g., computer equipment industry). Un-

reported analysis shows that HHI and MS are indeed highly positively correlated

with firm size. Smaller firms are often cited to have more growth opportunities (and

growth rates) and to use more conservative accounting methods (Myers 1999). As a

result, concentration is negatively related to UNA.

Table 3.4 reports the regression results for the growth partitions, with GROW

being used as a partitioning variable (see table 3.1 for details). Hypothesis 4a and 4b

are strongly supported by the data. That is, higher growth firms have lower ROE

persistence, and therefore have a lower weight on ROE in the valuation model. An

important result is the stable explanatory power of the valuation model for low growth

firms (panel C) in contrast with a sharp decline in R2 for high growth firms (panel

D). That result is consistent with Lev and Zarowin (1999): high growth firms could

be interpreted as firms with a high rate of “business change”, and therefore report

accounting numbers that are less value relevant compared to low growth firms. Unre-

ported analysis reveals that 1982 is a major break in the yearly R2 series in panel D:

the R2 falls from an average of 0.22 in the pre-1982 period to an average of 0.08 in the

period 1982-89.13 The explanatory power of the ROE prediction model is also much

higher for low growth firms compared to that of high growth firms. The market share

hypothesis (2a) is strongly supported in the ROE prediction model: the coefficient on

MS significantly positive (except in the late 1970s in panel A) and much higher for

13There might be some economic reasons for 1982 to be the year in which the value relevance of
earnings and book values significantly drop. In particular, 1981-82 was the period with the highest
unemployment (e.g., 11% compared to 6% in 1978 and 1995) and interest rates (e.g., Moody’s AAA
interest rate peaks at 15.7% at the end of 1981 compared to 8% in 1978 and 9% in 1995) in the last
few decades. The early 1980s are also years with double digit inflation figures. Nissim and Penman
(2000) investigate the relation between accounting returns and interest rates. They cite studies
that argue that investors fail to incorporate inflation expectations in predicting future earnings. As
a result of inflation differences over time (and consequently interest rate differences), the relation
between market prices and earnings (and book values) is differentially distorted over time.
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Table 3.4:

ROE prediction and valuation regressions: growth samples

PANEL A : ROE Prediction - LOW GROWTH
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,757 0.04 -0.01 0.72 -0.02 -0.00 0.00 0.54
(7.30) (-0.45) (41.88) (-0.48) (-0.05) (0.10)

1981-85 3,040 0.01 -0.03 0.75 0.07 -0.02 0.01 0.48
(2.99) (-1.06) (38.46) (2.01) (-0.54) (0.74)

1986-90 2,862 0.03 0.00 0.68 0.09 -0.10 -0.01 0.49
(7.35) (0.12) (37.25) (2.18) (-2.83) (-1.38)

1991-95 2,975 0.03 0.03 0.68 0.15 -0.04 -0.00 0.48
(7.25) (0.72) (37.04) (2.69) (-0.76) (-0.11)

PANEL B : ROE Prediction - HIGH GROWTH
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 593 0.00 0.10 0.53 0.28 0.20 0.08 0.33
(0.12) (3.52) (16.47) (1.66) (1.80) (2.68)

1981-85 2,561 0.00 -0.04 0.61 0.54 0.00 -0.04 0.37
(0.56) (-2.51) (30.51) (4.90) (0.03) (-2.73)

1986-90 4,895 -0.01 0.00 0.56 0.43 -0.07 0.02 0.32
(-1.07) (0.27) (34.56) (5.49) (-1.34) (1.51)

1991-95 7,745 -0.03 -0.07 0.64 0.70 0.04 0.04 0.39
(-5.26) (-3.16) (50.75) (6.82) (0.77) (3.76)

PANEL C : UNA Regression - LOW GROWTH
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,757 -0.76 -0.45 5.29 -0.88 0.33 0.39 0.42
(-12.57) (-1.63) (22.57) (-1.83) (0.59) (3.18)

1981-85 3,040 -0.09 0.03 5.02 0.33 -0.42 0.12 0.32
(-1.33) (0.12) (20.13) (0.68) (-0.82) (0.93)

1986-90 2,862 -0.06 -0.08 5.87 1.18 -1.47 0.52 0.41
(-0.88) (-0.14) (23.13) (1.44) (-2.61) (3.83)

1991-95 2,975 0.31 -0.72 7.04 3.37 -4.32 -0.00 0.42
(3.93) (-0.69) (24.86) (3.41) (-4.89) (-0.02)

PANEL D : UNA Regression - HIGH GROWTH
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 593 -0.32 1.74 3.56 -2.13 -2.15 1.51 0.22
(-2.16) (5.90) (9.62) (-1.12) (-1.82) (4.49)

1981-85 2,561 1.26 0.97 1.51 -4.48 -1.06 -0.77 0.08
(12.01) (5.48) (6.65) (-2.58) (-1.13) (-3.73)

1986-90 4,895 0.66 1.41 1.23 -0.12 -0.90 -0.21 0.08
(10.97) (12.16) (9.59) (-0.20) (-1.85) (-1.56)

1991-95 7,745 1.82 1.40 0.05 -0.50 -6.97 -1.18 0.06
(29.56) (7.16) (0.42) (-0.46) (-10.71) (-10.83)

a The sample partition is explained in table 3.1 and based on GROW : low growth firms with
GROW < 1 and high growth firms with GROW = 1. I refer to table 3.2 for the definitions
of the variables, and to table 3.3 for an explanation of the regression equations.
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high growth firms compared to that of low growth firms. In general, the coefficients

on the competitive structure variables are higher for the high growth firms than for

the low growth firms, in contrast with the coefficient on ROE. That indicates a

higher predictive ability of the other information proxies and lower predictive ability

of current ROE with respect to future ROE of high growth firms. However, the

coefficient on MS in the valuation model is only significantly positive for low growth

firms (panel C) and is negative (but often not significantly) for high growth firms.

Thus, there is an inconsistency for the high growth firms between the ROE prediction

model and the valuation model, indicating the LID2 assumption with respect to the

other information proxies might be violated for the high growth firms.

The coefficients on the competitive structure proxies in the valuation model are

smaller for higher growth firms (compare panel C to panel D in table 3.4). An

interpretation for the smaller valuation coefficients on MS, HHI, and PPETA is

based on a risk argument. Unreported analysis shows that MS (and also HHI and

PPETA) is positively related with firm size and negatively with growth. Finance

studies demonstrate that larger firms (with lower growth rates) typically have lower

risk (see Banz (1981)). Lower risk implies lower discount rates in the valuation model.

Lower risk combined with ∂β3
∂r

< 0 (taken from eq.(2.31)) results in larger firms hav-

ing a lower cost-of-capital and thus lower valuation coefficients on the competitive

structure proxies.

Table 3.5 reports the regression results for the ROE prediction model for the

growth - security return sample partitions and provides the first set of evi-

dence on hypothesis 3a. Firms with negative security returns are expected to have

shorter accounting recognition delays and as a result lower ROE persistence coeffi-

cients due to the conservatism principle. Firms in panel A (low growth - positive

security returns) have higher ROE persistence coefficients than firms in panel C (low

growth - negative security returns) as expected, but only for the period 1986-95. The

same is true for the high growth firms. Hypothesis 3a is supported by the data, that

is, faster recognition (firms with negative security returns) is associated with lower
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Table 3.5:

ROE prediction regressions: growth - security return samples

PANEL A : ROE Prediction - LOW GROWTH - POSITIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,246 0.05 -0.02 0.69 -0.01 -0.00 0.00 0.51
(7.33) (-0.82) (31.43) (-0.20) (-0.04) (0.22)

1981-85 1,970 0.03 -0.01 0.70 0.09 -0.03 0.01 0.46
(5.88) (-0.50) (30.48) (2.59) (-0.81) (1.63)

1986-90 1,531 0.04 -0.07 0.69 0.08 -0.03 -0.00 0.55
(7.84) (-1.14) (30.28) (1.37) (-0.60) (-0.49)

1991-95 1,848 0.05 -0.07 0.69 0.09 -0.04 -0.00 0.52
(8.49) (-1.07) (44.51) (1.22) (-0.57) (-0.55)

PANEL B : ROE Prediction - HIGH GROWTH - POSITIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 432 0.01 0.11 0.54 0.27 0.17 0.09 0.32
(0.52) (2.92) (13.53) (1.61) (1.32) (3.00)

1981-85 1,317 0.04 -0.08 0.57 0.61 -0.04 -0.04 0.34
(3.04) (-3.63) (20.01) (5.97) (-0.43) (-1.66)

1986-90 2,187 0.01 -0.05 0.64 0.41 -0.08 0.02 0.38
(0.89) (-2.67) (26.11) (3.74) (-1.24) (1.13)

1991-95 4,254 -0.01 -0.09 0.61 0.56 0.09 0.05 0.37
(-1.43) (-3.46) (38.38) (4.23) (1.36) (3.73)

PANEL C : ROE Prediction - LOW GROWTH - NEGATIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 513 0.02 0.02 0.71 -0.05 0.01 0.02 0.47
(2.60) (0.68) (19.85) (-0.82) (0.09) (1.26)

1981-85 1,070 0.01 -0.07 0.70 -0.09 -0.07 -0.00 0.42
(0.93) (-1.37) (22.79) (-0.95) (-0.90) (-0.14)

1986-90 1,333 0.03 0.06 0.58 0.08 -0.03 -0.02 0.36
(5.17) (1.38) (21.99) (1.34) (-0.59) (-1.40)

1991-95 1,127 0.03 0.07 0.60 0.19 -0.07 -0.00 0.35
(3.33) (1.16) (19.08) (1.65) (-0.70) (-0.14)

PANEL D : ROE Prediction - HIGH GROWTH - NEGATIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 161 -0.01 0.09 0.39 0.02 0.25 0.02 0.18
(-0.26) (2.36) (7.79) (0.03) (1.10) (0.34)

1981-85 1,246 -0.02 -0.02 0.63 0.32 0.05 -0.05 0.34
(-1.38) (-0.93) (20.51) (1.27) (0.54) (-2.23)

1986-90 2,708 -0.03 0.03 0.47 0.34 -0.02 0.02 0.23
(-3.48) (1.96) (22.86) (2.38) (-0.26) (1.08)

1991-95 3,493 -0.05 -0.09 0.63 0.88 -0.03 0.04 0.37
(-5.61) (-3.06) (40.90) (3.88) (-0.24) (2.29)

a The sample partition is explained in table 3.1 and based on GROW and RET : low growth
firms have GROW < 1 and high growth firms have GROW = 1; firms with negative yearly
security returns have RET < 0 and firms with positive security returns have RET > 0. I
refer to table 3.2 for the definitions of the variables, and to table 3.3 for an explanation of
the regression equations.
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Table 3.6:

UNA valuation regressions: growth - security return samples

PANEL A : UNA Regression - LOW GROWTH - POSITIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,246 -0.86 -0.43 5.74 -0.91 -0.06 0.66 0.40
(-11.49) (-1.32) (20.04) (-1.48) (-0.08) (4.38)

1981-85 1,971 -0.24 -0.59 6.65 0.14 -0.11 0.05 0.37
(-2.97) (-1.59) (21.12) (0.27) (-0.18) (0.31)

1986-90 1,531 -0.15 -1.03 7.25 0.81 -0.90 0.47 0.41
(-1.57) (-1.45) (20.65) (0.86) (-1.31) (2.72)

1991-95 1,848 0.16 -3.30 8.93 3.14 -4.77 0.00 0.48
(1.69) (-2.89) (24.65) (2.85) (-4.64) (0.02)

PANEL B : UNA Regression - HIGH GROWTH - POSITIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 432 -0.32 2.13 3.93 -1.90 -3.45 2.06 0.22
(-1.62) (4.20) (8.18) (-0.78) (-2.29) (4.87)

1981-85 1,317 1.55 1.05 2.02 -4.70 -2.30 -0.69 0.07
(10.12) (3.98) (5.79) (-2.31) (-1.96) (-2.21)

1986-90 2,187 1.10 1.73 1.50 -0.29 -1.65 -0.31 0.08
(10.88) (8.88) (6.17) (-0.34) (-2.24) (-1.50)

1991-95 4,254 2.31 1.15 0.31 0.41 -7.87 -1.48 0.06
(28.44) (4.13) (2.01) (0.28) (-8.85) (-9.80)

PANEL C : UNA Regression - LOW GROWTH - NEGATIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 513 -0.49 -0.44 2.97 -0.19 0.34 0.07 0.33
(-8.52) (-1.09) (10.65) (-0.46) (0.76) (0.64)

1981-85 1,070 0.09 0.27 2.64 0.04 -1.11 0.10 0.22
(1.47) (0.57) (12.16) (0.07) (-2.34) (0.77)

1986-90 1,333 0.02 0.04 3.38 1.44 -1.60 0.49 0.27
(0.32) (0.09) (12.03) (2.06) (-2.55) (3.95)

1991-95 1,127 0.29 1.92 4.63 4.68 -4.02 0.11 0.33
(3.53) (1.68) (16.61) (3.55) (-4.20) (0.77)

PANEL D : UNA Regression - HIGH GROWTH - NEGATIVE RETURN
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 161 -0.20 1.10 1.25 1.94 -1.73 0.13 0.19
(-1.61) (2.96) (5.17) (0.63) (-1.80) (0.49)

1981-85 1,246 0.91 0.92 0.59 -4.44 -0.75 -0.64 0.08
(8.85) (5.48) (2.54) (-2.42) (-0.69) (-3.12)

1986-90 2,708 0.21 1.03 0.16 -0.81 0.25 -0.17 0.07
(4.23) (9.27) (1.45) (-1.35) (0.55) (-1.63)

1991-95 3,493 1.07 1.46 -0.93 -1.32 -4.48 -0.72 0.10
(18.25) (7.27) (-7.41) (-1.29) (-6.72) (-6.98)

a The sample partition is explained in table 3.1 and based on GROW and RET : low growth
firms have GROW < 1 and high growth firms have GROW = 1; firms with negative yearly
security returns have RET < 0 and firms with positive security returns have RET > 0. I
refer to table 3.2 for the definitions of the variables, and to table 3.3 for an explanation of
the regression equations.
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ROE persistence for both low and high growth firms. Similar to the results in table

3.4, high growth firms have higher coefficients on the competitive structure variables

than low growth firms. However, the explanatory power of the ROE prediction model

is generally higher for low growth firms than for high growth firms.

Table 3.6 presents empirical results on hypothesis 3b, i.e., the effect of account-

ing recognition on the valuation model after controlling for growth and competitive

structure. The coefficient on current ROE is twice as large for low growth firms with

positive returns than for low growth firms with negative returns, and more than four

times as large for high growth firms with positive returns than for high growth firms

with negative returns. Hypothesis 3b is strongly supported by the results for both low

and high growth firms. The coefficients on the competitive structure proxies (MS,

HHI and PPETA) are typically higher for firms with negative returns compared to

the coefficients of firms with positive returns. That would indicate competitive struc-

ture information to be more value relevant for firms with shorter recognition delays

(or more conservative firms) and less value relevant for firms with longer recognition

delays.

Table 3.7 provides the second set of empirical results on the effect of accounting

conservatism on the coefficients in the ROE prediction model for the growth - one

time items partitions. Negative one time items represent conservative account-

ing measurement and shorter recognition delays. The regression results in table 3.7

strongly support hypothesis 3a: firms with negative one time items clearly have much

lower ROE persistence, regardless of their growth rate. This is seen from comparing

the coefficient on ROE between panel A and C, and between panel B and D respec-

tively. In general, the coefficients on the competitive structure proxies (MS, HHI

and PPETA) are not good predictors of future ROE, except MS in the sample of

high growth firms.

Table 3.8 reports the valuation regression results that strongly support hypothe-

sis 3b when conservatism is measured by the occurrence of negative one time items.



CHAPTER 3. BROAD CROSS-SECTIONAL APPROACH 84

Table 3.7:

ROE prediction regressions: growth - one time items samples

PANEL A : ROE Prediction - LOW GROWTH - NONNEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,596 0.03 0.00 0.74 -0.01 -0.01 0.00 0.56
(5.96) (0.08) (40.12) (-0.33) (-0.15) (0.04)

1981-85 2,649 0.01 -0.04 0.77 0.06 -0.02 0.01 0.47
(1.81) (-1.41) (35.20) (1.77) (-0.50) (0.90)

1986-90 2,353 0.01 -0.02 0.76 0.08 -0.06 -0.01 0.54
(2.93) (-0.57) (40.01) (1.74) (-1.47) (-0.85)

1991-95 2,194 0.00 0.05 0.80 0.08 0.06 0.01 0.56
(0.83) (1.15) (41.03) (1.43) (1.06) (0.66)

PANEL B : ROE Prediction - HIGH GROWTH - NONNEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 526 0.01 0.06 0.57 0.25 0.15 0.04 0.36
(0.91) (2.20) (16.28) (1.39) (1.22) (1.34)

1981-85 2,165 -0.00 -0.03 0.66 0.59 -0.05 -0.03 0.41
(-0.41) (-2.04) (29.13) (4.67) (-0.63) (-2.03)

1986-90 3,745 -0.02 0.00 0.64 0.32 -0.05 0.02 0.36
(-2.32) (0.07) (33.70) (4.50) (-1.04) (1.39)

1991-95 5,424 -0.05 -0.08 0.70 0.47 0.18 0.05 0.44
(-8.70) (-3.84) (61.64) (3.30) (2.25) (4.00)

PANEL C : ROE Prediction - LOW GROWTH - NEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 161 0.08 -0.17 0.57 0.06 -0.04 -0.04 0.34
(4.97) (-1.02) (9.42) (0.38) (-0.22) (-1.44)

1981-85 391 0.03 0.30 0.68 0.17 -0.14 0.00 0.41
(1.57) (2.11) (13.83) (1.09) (-1.02) (0.02)

1986-90 511 0.06 0.08 0.53 0.18 -0.15 -0.01 0.35
(4.83) (0.82) (10.42) (1.25) (-1.77) (-0.42)

1991-95 781 0.10 -0.16 0.41 0.27 -0.32 -0.04 0.22
(8.71) (-1.12) (11.25) (1.96) (-1.81) (-1.90)

PANEL D : ROE Prediction - HIGH GROWTH - NEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 69 -0.05 0.14 0.19 -0.55 0.90 0.24 0.17
(-1.24) (2.93) (2.15) (-1.64) (3.06) (3.45)

1981-85 396 0.01 -0.04 0.48 0.68 0.37 -0.08 0.22
(0.50) (-0.92) (8.53) (1.67) (1.93) (-1.79)

1986-90 1,150 0.00 -0.05 0.56 0.88 -0.16 0.01 0.17
(0.16) (-0.96) (24.91) (4.60) (-1.44) (0.46)

1991-95 2,323 0.00 -0.04 0.56 0.89 -0.16 0.01 0.30
(0.00) (-1.00) (29.48) (3.09) (-0.95) (0.45)

a The sample partition is explained in table 3.1 and based on GROW and ONE: low growth
firms have GROW < 1 and high growth firms have GROW = 1; firms with negative one
time items have ONE < 0 and firms with nonnegative one time items have ONE � 0. I
refer to table 3.2 for the definitions of the variables, and to table 3.3 for an explanation of
the regression equations.
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Table 3.8:

UNA valuation regressions: growth - one time items samples

PANEL A : UNA Regression - LOW GROWTH - NONNEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,596 -0.80 -0.63 5.57 -1.03 0.40 0.36 0.43
(-12.57) (-2.24) (22.70) (-2.08) (0.72) (2.79)

1981-85 2,649 -0.26 -0.05 6.01 0.29 -0.25 0.10 0.36
(-3.75) (-0.18) (21.99) (0.60) (-0.48) (0.76)

1986-90 2,353 -0.26 0.30 6.89 1.28 -1.11 0.44 0.46
(-3.63) (0.50) (23.71) (1.42) (-1.79) (3.32)

1991-95 2,194 -0.15 -1.89 9.26 0.54 -2.51 0.15 0.55
(-1.98) (-2.28) (32.01) (0.56) (-3.13) (1.23)

PANEL B : UNA Regression - HIGH GROWTH - NONNEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 526 -0.32 2.07 3.84 -2.23 -2.92 1.46 0.23
(-1.91) (3.74) (9.26) (-1.00) (-2.16) (4.11)

1981-85 2,165 1.17 0.99 1.94 -3.85 -1.09 -0.56 0.08
(10.37) (5.12) (6.95) (-1.89) (-1.06) (-2.48)

1986-90 3,745 0.69 1.54 1.48 0.13 -1.35 -0.21 0.08
(9.77) (11.20) (8.70) (0.21) (-2.67) (-1.39)

1991-95 5,424 1.77 1.36 0.45 0.47 -6.57 -1.07 0.05
(25.49) (6.00) (2.99) (0.37) (-8.61) (-8.71)

PANEL C : UNA Regression - LOW GROWTH - NEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 161 -0.68 1.63 3.63 -0.24 -0.15 0.89 0.29
(-4.30) (1.27) (6.11) (-0.12) (-0.09) (2.57)

1981-85 391 0.21 1.81 2.11 1.22 -1.80 0.21 0.16
(1.97) (2.19) (7.40) (0.85) (-2.14) (0.92)

1986-90 511 0.41 -1.11 3.20 -0.44 -2.03 0.59 0.22
(2.55) (-1.05) (6.70) (-0.33) (-2.26) (1.90)

1991-95 781 0.81 7.50 3.87 7.65 -8.80 -0.01 0.22
(5.56) (3.01) (9.94) (4.83) (-5.08) (-0.04)

PANEL D : UNA Regression - HIGH GROWTH - NEGATIVE ONE
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 69 1.38 1.42 0.64 -6.56 -1.94 -1.34 0.05
(7.21) (3.35) (1.82) (-2.07) (-1.41) (-3.87)

1981-85 396 0.66 1.01 0.60 -1.85 0.11 -0.32 0.08
(7.27) (7.45) (3.22) (-1.39) (0.14) (-1.75)

1986-90 1,150 1.80 1.74 -0.38 -0.87 -7.54 -1.37 0.07
(19.27) (5.69) (-2.43) (-0.74) (-8.18) (-8.42)

1991-95 2,323 1.82 1.72 -0.41 -0.87 -7.52 -1.39 0.08
(24.85) (5.82) (-3.42) (-0.50) (-6.95) (-8.96)

a The sample partition is explained in table 3.1 and based on GROW and ONE: low growth
firms have GROW < 1 and high growth firms have GROW = 1; firms with negative one
time items have ONE < 0 and firms with nonnegative one time items have ONE � 0. I
refer to table 3.2 for the definitions of the variables, and to table 3.3 for an explanation of
the regression equations.
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Consistent with the ROE prediction results in table 3.7, the valuation coefficient on

ROE is much lower for firms that report negative one time items: compare the ROE

coefficients between panel A and C, and between panel B and D respectively. The

decline in the coefficient on ROE for the high growth firms over the sample period

indicates that the growth firms become more conservative over time. For example,

negative one time items occur relatively more frequent in more recent sample years,

and especially among the high growth firms.

Table 3.9 provides the third set of empirical results for the growth - sign of

earnings partitions, i.e., the effect of accounting conservatism on the coefficients in

the ROE prediction model. This time, accounting conservatism is measured by the

occurrence of negative earnings: firms with negative earnings (or accounting losses)

are expected to have lower ROE persistence. The results strongly support hypothesis

3a. Especially for the low growth firms (panel A and C), the difference in magnitude

in ROE persistence is striking: the persistence is on average 0.76 for positive earnings

firms (low conservatism) compared to 0.10 for negative earnings firms. On the other

hand, high growth firms with negative earnings still have high ROE persistence (on

average 0.49), indicating that losses persist longer for high growth firms compared

to losses of low growth firms. One explanation for the difference in loss persistence

between high and low growth firms is that ROE of high growth firms is more affected

by accounting recognition delays than ROE of low growth firms. For example, the

benefits of large investments in intangibles (e.g., knowledge capital investments are

reflected in R&D expenses) are often recorded in later periods and are not matched

with the original expensed investments. R&D expensing is an extreme example of

accounting conservatism. As a result, current losses of firms with high growth are

better predictors of future losses than these of low growth firms.14 In chapter 4, I

14Hayn (1995) shows that a loss, once incurred, persists for several years. The probability of
incurring a loss in year t given a loss in year t−1 is about three times higher than the unconditional
probability of a loss. Hayn suggests that losses are not induced by one time items. I refine her
results by separating high and low growth firms and by showing that losses of low growth firms do
not persist over time. In contrast with Hayn, I attribute the persistence of losses to conservatism.
The persistence is even increasing over time suggesting a higher degree of conservatism in more
recent years. Basu (1997) among others indeed reports an increasing degree of conservatism in more
recent years. I further examine the growth-loss result in chapter 4.
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Table 3.9:

ROE prediction regressions: growth - sign earnings samples

PANEL A : ROE Prediction - LOW GROWTH - POSITIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,716 0.03 -0.02 0.74 -0.04 0.02 0.00 0.54
(6.64) (-0.81) (43.26) (-1.07) (0.50) (0.30)

1981-85 2,824 0.01 -0.02 0.76 0.06 -0.01 0.01 0.43
(2.53) (-0.83) (37.38) (1.74) (-0.41) (1.00)

1986-90 2,600 0.02 -0.02 0.76 0.06 -0.07 -0.01 0.50
(4.16) (-0.64) (42.45) (1.43) (-1.96) (-1.41)

1991-95 2,676 0.01 0.01 0.76 0.06 0.09 -0.00 0.51
(3.16) (0.16) (43.83) (1.22) (2.00) (-0.10)

PANEL B : ROE Prediction - HIGH GROWTH - POSITIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 496 -0.01 0.06 0.61 0.10 0.28 0.09 0.29
(-0.88) (1.58) (13.06) (0.50) (2.53) (2.75)

1981-85 1,761 0.02 -0.05 0.56 0.32 0.05 -0.03 0.20
(1.91) (-2.16) (18.69) (2.98) (0.79) (-1.64)

1986-90 3,181 -0.02 -0.05 0.69 0.07 0.03 0.02 0.23
(-2.19) (-2.31) (27.45) (0.90) (0.67) (1.74)

1991-95 5,002 0.00 -0.05 0.55 0.39 0.00 0.02 0.17
(0.70) (-2.14) (28.52) (4.05) (0.00) (1.82)

PANEL C : ROE Prediction - LOW GROWTH - NEGATIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 43 -0.09 0.38 0.24 0.73 -0.36 0.22 -0.03
(-1.08) (2.65) (0.42) (1.13) (-1.00) (1.12)

1981-85 218 -0.02 0.01 0.22 0.65 0.01 -0.01 0.11
(-0.88) (0.03) (2.17) (1.57) (0.06) (-0.24)

1986-90 262 0.06 -0.55 -0.02 0.79 -1.01 -0.08 0.01
(1.66) (-1.46) (-0.17) (2.49) (-2.80) (-1.49)

1991-95 299 0.05 -0.45 0.01 0.81 -0.94 -0.06 0.02
(1.59) (-1.39) (0.13) (1.80) (-2.40) (-1.31)

PANEL D : ROE Prediction - HIGH GROWTH - NEGATIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 97 -0.02 -0.01 0.48 1.36 0.00 -0.10 -0.03
(-0.98) (-0.55) (7.42) (2.60) (0.01) (-2.66)

1981-85 802 -0.05 0.02 0.33 1.34 -0.29 -0.01 0.10
(-3.86) (1.35) (11.28) (4.69) (-2.74) (-0.44)

1986-90 1,714 -0.07 -0.11 0.57 2.27 0.03 0.04 0.08
(-4.74) (-2.68) (21.31) (6.58) (0.18) (1.52)

1991-95 2,743 -0.07 -0.11 0.57 2.29 0.04 0.04 0.22
(-4.48) (-3.01) (24.05) (4.88) (0.19) (1.43)

a The sample partition is explained in table 3.1 and based on GROW and NEGNI (the
sign of earnings): low growth firms have GROW < 1 and high growth firms have GROW =
1; firms with negative earnings have NEGNI = 1 and firms with positive earnings have
NEGNI = 0. I refer to table 3.2 for the definitions of the variables, and to table 3.3 for an
explanation of the regression equations.
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Table 3.10:

UNA valuation regressions: growth - sign earnings samples

PANEL A : UNA Regression - LOW GROWTH - POSITIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 1,716 -0.88 -0.46 5.89 -0.66 -0.03 0.41 0.45
(-14.91) (-1.63) (25.00) (-1.35) (-0.06) (3.46)

1981-85 2,824 -0.43 -1.04 7.18 -0.23 0.04 0.07 0.40
(-6.84) (-3.81) (27.79) (-0.50) (0.07) (0.60)

1986-90 2,600 -0.39 -0.78 8.35 0.60 -1.19 0.23 0.49
(-5.99) (-1.43) (29.06) (0.86) (-2.33) (1.78)

1991-95 2,676 -0.18 -2.87 10.05 2.05 -3.15 -0.01 0.56
(-2.58) (-3.97) (34.91) (2.40) (-4.14) (-0.08)

PANEL B : UNA Regression - HIGH GROWTH - POSITIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 496 -0.62 1.14 5.26 -4.38 -1.83 1.46 0.25
(-3.68) (2.72) (10.61) (-2.01) (-1.52) (3.94)

1981-85 1,761 0.47 0.53 6.15 -4.81 -2.18 -0.33 0.21
(4.32) (2.16) (15.64) (-3.10) (-2.52) (-1.51)

1986-90 3,181 0.08 0.42 5.43 -1.70 -0.89 0.04 0.26
(1.12) (2.38) (21.10) (-2.37) (-2.24) (0.29)

1991-95 5,002 0.64 0.09 6.68 0.18 -5.14 -0.65 0.31
(10.40) (0.38) (31.91) (0.21) (-8.51) (-6.30)

PANEL C : UNA Regression - LOW GROWTH - NEGATIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 43 0.04 0.49 0.49 -5.49 -1.50 -0.21 -0.03
(0.11) (0.64) (0.48) (-1.49) (-2.50) (-0.32)

1981-85 218 -0.02 1.27 -0.70 0.10 -1.43 0.17 0.02
(-0.13) (2.16) (-1.51) (0.08) (-1.56) (0.48)

1986-90 262 -0.16 0.01 -1.16 0.77 -0.97 0.65 0.12
(-1.67) (0.02) (-2.94) (0.62) (-1.11) (3.30)

1991-95 299 0.46 -0.90 -1.83 4.70 -7.14 -0.07 0.09
(2.30) (-0.70) (-3.03) (2.47) (-3.92) (-0.25)

PANEL D : UNA Regression - HIGH GROWTH - NEGATIVE EARNINGS
Period Obs Intercept 1

BVt
ROEt MSt HHIt PPETAt R2

1978-80 97 -0.43 2.06 -0.90 1.79 -1.87 1.18 0.25
(-1.16) (4.06) (-0.79) (0.37) (-0.43) (1.82)

1981-85 802 0.84 0.63 -2.98 -17.38 -0.98 -0.78 0.16
(4.91) (3.13) (-8.01) (-4.88) (-0.65) (-2.51)

1986-90 1,714 0.35 0.99 -1.86 -7.78 0.53 -0.61 0.18
(3.84) (7.63) (-10.87) (-3.91) (0.69) (-3.57)

1991-95 2,743 1.01 0.56 -3.18 -13.94 -5.42 -0.84 0.28
(11.27) (2.86) (-24.54) (-7.58) (-6.26) (-5.56)

a The sample partition is explained in table 3.1 and based on GROW and NEGNI (the
sign of earnings): low growth firms have GROW < 1 and high growth firms have GROW =
1; firms with negative earnings have NEGNI = 1 and firms with positive earnings have
NEGNI = 0. I refer to table 3.2 for the definitions of the variables, and to table 3.3 for an
explanation of the regression equations.
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develop a model to formalize the recognition bias in ROE in terms of economic de-

preciation, R&D investments and growth. Lev et al. (1999) also propose a model

in which growth rate of R&D determines the reporting bias in ROE, i.e., the dif-

ference between reported and economic profitability. Based on the evidence in table

3.9, I suggest that accounting conservatism accentuates losses of high growth firms,

whereas the losses of low growth firms are more likely to result from adverse economic

events. Similar to the regression results in the previous tables, the coefficients on the

competitive environment proxies are generally higher for high growth firms than for

low growth firms, in contrast with the lower coefficient on ROE for the former. MS

is a strong predictor of future ROE only in the case of high growth loss firms (panel

D).

Table 3.10 reports the valuation effects of accounting losses. As predicted by hy-

pothesis 3b, the ROE valuation multiple is much lower for negative earnings firms

than for positive earnings firms (compare the ROE coefficients between panel A and

C, and between panel B and D). The significant negative coefficient on ROE for

loss firms is consistent with figure 3.1 and has been documented by previous stud-

ies, such as Burgstahler (1998), Riffe and Thompson (1998), Leibowitz (1999), and

Collins et al. (1999). The convexity between security prices and earnings, or between

scaled UNA and ROE is often attributed to the firm’s adaption option: as capital-

ized earnings move toward and below an adaptation value of the firm’s assets, the

firm becomes more likely to choose to discontinue its current mode of operations and

adapt its assets to an alternative use (e.g., sale of the assets). Alternatively, Riffe and

Thompson (1998) suggest the convexity is driven by measurement error in economic

income and economic book value. They propose a model where prices have a posterior

Wald distribution with the mean price being a nonlinear function of reported book

value and earnings affected by measurement error. They show that only relatively

valuable firms can have enough measurement error to generate big negative account-

ing earnings and book values. My interpretation of the convexity between UNA and

ROE is similar to the measurement error conjecture of Riffe and Thompson (1998).

From the regression results in table 3.10, I suggest the significant negative coefficient
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on ROE for the high growth loss firms is mainly driven by accounting conservatism:

the losses of the high growth firms are a result of accounting conservatism and the

violation of the matching between benefits and expenses. The ROE coefficient be-

coming more negative over time is consistent with accounting measurement becoming

more conservative. The high persistence of the losses of high growth firms in table

3.9 is consistent with the significant negative sign on ROE in the valuation model.

Since high growth firms are more affected by the accounting bias in ROE than low

growth firms, the ROE valuation coefficient is more negative in panel D compared

to that of panel C (β2 is on average -2.23 in panel D versus -0.80 in panel C).

3.6.1.2 Specification Tests.

I perform two specification tests on the ROE prediction and UNA valuation models

as outlined in section 3.3.1.

Table 3.11 reports the results on the first specification analysis. For each sample

partition (see sample partition scheme in table 3.1) and sample period, I calculate

the long run level of ROE from the ROE prediction equation (3.3) and a cost of

capital estimate from the UNA valuation equation (3.4). Several observations are

made on the long run levels of ROE. First, in the pooled model, long run ROE

steadily decreases over time from 0.09 in the late 1970s to -0.03 in the first half of the

1990s. The decline in long run ROE is consistent with the declining average ROE

reported in table 3.2: from 0.18 in the 1970s to 0.03 in the 1990s. One explanation

for that trend in ROE could be a decline in economic profitability during the two

decades. However, market returns during that period show a different pattern (see

table 3.2). An alternative explanation is suggested by Lev and Zarowin (1999): there

is an increasing degree of reporting bias in ROE over the sample period, resulting in

an increasing difference between accounting and economic profitability. Basu (1997)

also reports an increasing degree of conservatism over the last two decades. The de-

crease in long run ROE is especially large for the high growth firms: from 0.00 to -0.08.

Second, high growth firms have consistently lower levels of long run ROE than
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Table 3.11:

First specification test: long run ROE and implied cost of capital a

Partition Criteria Long run ROE level b Cost of capital c

78-80 81-85 86-90 91-95 78-80 81-85 86-90 91-95

1 pooled - 0.09 0.06 0.03 -0.03 0.16 -0.27 -0.25 -2.10

2 growth
GROW < 1 0.14 0.04 0.09 0.09 0.14 0.02 0.01 -0.04
GROW = 1 0.00 0.00 -0.02 -0.08 0.09 -0.83 -0.54 -36.4

3 growth - security return

GROW < 1 and RET > 0 0.16 0.10 0.13 0.16 0.15 0.04 0.02 -0.02
GROW = 1 and RET > 0 0.02 0.09 0.03 -0.02 0.08 -0.77 -0.73 -7.45
GROW < 1 and RET � 0 0.07 0.03 0.07 0.08 0.17 -0.03 -0.01 -0.06
GROW = 1 and RET � 0 -0.02 -0.05 -0.06 -0.13 0.16 -1.54 -1.31 1.15

4 growth - one time items

GROW < 1 and ONE � 0 0.12 0.04 0.04 0.00 0.14 0.04 0.04 0.02
GROW = 1 and ONE � 0 0.02 0.00 -0.06 -0.17 0.08 -0.60 -0.47 -3.93
GROW < 1 and ONE < 0 0.19 0.09 0.13 0.17 0.19 -0.10 -0.13 -0.21
GROW = 1 and ONE < 0 -0.06 0.02 0.00 0.00 -3.83 -1.65 4.73 3.08

5 growth - sign earnings

GROW < 1 and NEGNI = 0 0.12 0.04 0.08 0.04 0.15 0.06 0.05 0.02
GROW = 1 and NEGNI = 0 -0.03 0.05 -0.06 0.00 0.12 -0.08 -0.01 -0.10
GROW < 1 and NEGNI = 1 -0.12 -0.03 0.06 0.05 -0.08 -0.03 -0.14 0.25
GROW = 1 and NEGNI = 1 -0.04 -0.07 -0.16 -0.16 -0.47 0.28 0.19 0.32

a The first specification test is explained in section 3.3.1. I refer to section 3.2 for the definition of the partitioning variables.
b The table presents estimates of the long run ROE level, derived from the restriction on the intercept and coefficient on ROE in the ROE prediction
equation (3.3): roeimplied =

α0
1−α2

. The calculation is based on the estimates of α0 and α2 taken from tables 3.3, 3.4, 3.5, 3.7, and 3.9.
c The table presents estimates of the cost of capital derived from the restriction on the intercept and coefficient on ROE in the UNA valuation equation

(3.4): rimplied = −β0
β2
. The calculation is based on the estimates of β0 and β2 taken from tables 3.3, 3.4, 3.6, 3.8, and 3.10.
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low growth firms. The result is consistent with Beaver and Ryan (2000): under con-

servative accounting, higher growth results in a lower level of ROE. I will examine

the downward growth bias in ROE in more detail in chapter 4. Third, the effect of

conservatism on long run ROE is reported in the third, fourth and fifth partition of

table 3.11. As expected, faster accounting recognition (more conservative account-

ing: RET � 0, ONE < 0 and NEGNI = 1) decreases the long run ROE, whereas

slower recognition increases ROE, holding growth constant. Therefore, high growth

firms with a high degree of accounting conservatism (fast recognition) experience a

serious downward bias in long run ROE, whereas low growth firms with a low degree

of accounting conservatism (slow recognition) experience an upward bias in ROE.

From the table, it is clear that the long run ROE levels do not resemble the cost of

capital r for most of the sample partitions, due to the different degrees of accounting

conservatism.

The last four columns in table 3.11 report the cost of capital estimates that are

derived from the UNA valuation equation (3.4). Only the estimates of rimplied in the

1978-80 column seem plausible cost of capital numbers. From 1981 onwards, the esti-

mates are often negative. An explanation for the negative values is that the intercept

α0 (and numerator of rimplied) captures the average of positively correlated omitted

variables in the UNA valuation model. Since the intercept is often positive, the cost

of capital estimate becomes negative. The model is not fully capturing important

other information that explains UNA. As a result, the empirical coefficient estimates

do not completely coincide with their theoretical counterparts in model (2.31). The

misspecification becomes worse in more recent years, consistent with the increase in

scaled UNA over the sample period (see table 3.2).

To summarize, the first specification analysis shows a declining trend in long run

ROE over the last two decades, due to an increasing degree of accounting recogni-

tion bias, especially for the high growth firms. There are also indications that the

regression model in this chapter does not fully capture all important UNA sources,

resulting in a model misspecification (especially after 1981).
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Table 3.12:

Second specification test:
determinants of ROE persistence a

Variable pred b Multivariate c Univariate d

coeff t-stat coeff t-stat

Intercept ? 0.54 14.08 - -

RET + 0.09 1.03 0.23 2.86
FREQ(#ONE≤0) - -0.24 -3.04 -0.40 -5.63
FREQ(#NI≤0) - -0.14 -1.96 -0.43 -7.90
MS + -0.98 -2.35 0.86 2.24
HHI + 0.18 0.63 -0.02 -0.06
PPETA + 0.02 0.27 0.03 0.58

GROW - -0.16 -5.23 -0.19 -7.84

a The second specification test is explained in section 3.3.1. I first estimate firm-specific
ROE persistence parameters, and then regres these coefficients on firm averages of the
competitive structure and accounting recognition variables. The analysis is conducted
on firms with at least 8 consecutive observations on ROE, resulting in a cross-sectional
sample of 658 firms. The overlined variables in the left column represent the time series
averages of the respective variables for each firm i, FREQ(#ONEi≤0) is the number of

times firm i experienced negative one time items (as a proportion of the total number
of years), and a similar definition applies to FREQ(#NIi≤0).
b This column indicates the sign prediction on the effect of the competitive structure
or growth variable on ROE persistence, as discussed in section 3.3.1.
c In the multivariate analysis, the firm-specific ROE persistence estimate is regressed
on all seven independent variables in the first column, as showed in eq.(3.5).
d In the univariate analysis, the firm-specific ROE persistence parameter is regressed
on each of the seven independent variables separately.

Table 3.12 reports the results on the the second specification test. The analysis

focuses on the determinants of the ROE persistence coefficient α2 in the ROE pre-

diction equation (3.3). In particular, the firm-specific ROE persistence estimate is

regressed on firm-specific averages of the competitive structure and accounting recog-

nition variables. In the “multivariate” analysis, ROE persistence is regressed on all

seven independent variables, whereas in the “univariate” analysis, ROE persistence is

regressed on each of the seven variables separately. The sample consists of 658 cross-

sectional observations (I only examine firms with at least 8 consecutive observations

on ROE). The ROE persistence estimates fall within a range of [-0.38,1.59] with a

median of 0.72 (mean of 0.67) and Q1-Q3 interquartile interval of [0.41,0.94]. The
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mean ROE persistence (i.e., 0.67) is comparable to the ROE persistence estimates

reported in panel A of table 3.3 (vary between 0.61 and 0.67). In the multivariate

analysis, the cross-sectional regression has an adjusted R2 of 0.10. Except for the co-

efficient on MS, all other coefficients have their predicted sign. Firms with a higher

frequency of negative one time items or accounting losses, or higher growth experience

lower ROE persistence. However, the interindustry competition measures are not sig-

nificant, as well as the security return accounting recognition variable. The market

variable (MS) has a significant negative sign, contrary to the prediction. The uni-

variate analysis (last two columns in table 3.12) reveals that firms with higher market

shares have significantly higher ROE persistence, as expected. Unreported analysis

shows that the negative sign of MS is caused by multicollinearity, since market share

is highly correlated with growth. In the univariate regression, higher yearly security

returns have a significant positive effect on ROE persistence, a result consistent with

Basu (1997).

To summarize, the second specification analysis shows that growth and accounting

recognition features significantly determine ROE persistence, contrary to the com-

petitive structure variables (except for market share). The result has implications

for IO researchers, who often relate industry features to current and future levels of

profitability. I show that accounting profitabilty persistence is not affected by the tra-

ditional concentration or barrier-to-entry measures. Understanding the implications

of accounting conservatism in combination with firm growth are far more important in

understanding a firm’s future profitability than the traditional competitive structure

variables. Measurement error in the latter could be responsible for that finding (see

section 3.2.1.3). Not surprisingly, the interindustry competitive structure variables

do not explain cross-sectional differences in UNA.
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Table 3.13:

First benchmark : regression results

PANEL A : ROE Predictionb

Period Obs Intercept 1
BVt

ROEt roe c R2

1978-80 2,351 0.04 -0.01 0.69 0.13 0.45
(10.82 ) (-0.40 ) (40.26 )

1981-85 5,603 0.01 -0.06 0.69 0.03 0.42
(5.06 ) (-5.06 ) (49.70 )

1986-90 7,778 0.01 -0.03 0.62 0.03 0.37
(5.93 ) (-2.79 ) (49.24 )

1991-96 10,743 0.01 -0.11 0.67 0.03 0.42
(3.38 ) (-6.71 ) (62.75 )

PANEL B : UNA Regressionb

Period Obs Intercept 1
BVt

ROEt r c R2

1978-80 2,351 -0.43 1.60 4.28 0.10 0.27
(-10.31 ) (6.79 ) (20.33 )

1981-85 5,603 0.44 1.55 2.75 -0.16 0.12
(12.96 ) (8.89 ) (14.59 )

1986-90 7,778 0.50 1.64 2.23 -0.22 0.13
(19.65 ) (15.17 ) (17.37 )

1991-96 10,743 1.07 1.99 0.94 -1.14 0.03
(36.19 ) (10.06 ) (7.70 )

a I refer to table 3.2 for the definitions of the variables.
b The regressions are of the following form:

ROEt+1 = α0 + α1
1

BVt
+ α2ROEt + et+1 (3.6)

UNAt

BVt
= β0 + β1

1

BVt
+ β2ROEt + ut (3.7)

The above equations are estimated separately for each sample period
indicated in the first column. Beneath each of the coefficient estimates
is the associated White-corrected t statistic.
c The long run ROE level, roe, is calculated from eq.(3.6) as α0

1−α2
,

whereas the implied cost of capital is calculated from (3.7) as r = −β0
β2
.

3.6.2 Benchmark ROE Prediction and Valuation.

Table 3.13 reports the regression results on the first benchmark, i.e. eqs.(3.6) and

(3.7). The competitive structure variables are omitted from the main regressions in

this chapter, and the sample is not partitioned on accounting recognition variables or

growth. The regression results in both panel A and B are very similar to these in table

3.3. The ROE persistence coefficient, α2, varies between 0.62 and 0.69. Long run

roe is equal to 0.13 in the period 1978-81, and drops significantly to 0.03 thereafter.

The decline in long run roe has already been discussed in section 3.6.1.2. The ROE
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valuation coefficient in panel B decreases from 4.28 to 0.94 over the sample period,

indicating a decrease in value relevance of accounting profitability. The implied cost

of capital in panel B is 0.10 in 1978-81, but negative in the years after 1981. That

indicates a misspecification of the valuation model for a large part of the sample

period. Since the results and interpretations of the coefficients are similar to these

in the main regression equations of this chapter, I refer to the discussion in section

3.6.1.1 for further details.

Table 3.14 provides the estimation results on the second benchmark model, i.e.

eqs.(3.8) and (3.9). The ROE prediction regression in panel A presents an alterna-

tive for Ohlson’s LID assumption, with other information being fully captured by

the forecast error persistence parameter δ. In panel A, the implied δ is almost zero

in 1978-81, but negative after 1981. That is, abnormal earnings forecast errors (i.e.,

NIat+1−ωNIat ) are negatively correlated over time, so that the first differences of the

forecast errors tend to be numerically larger than the forecast errors themselves, or a

tendency of successive forecast errors to have opposite signs Johnston (1991, p.315).

Basu’s (1997) conjecture that accounting measurement is becoming more conservative

over time is consistent with the δ becoming more negative over the sample period.

The write-off of purchased R&D is an example of a very conservative measurement

and is represented in the income statement as a negative one time item. If the write-

off is substantial, a firm is likely to experience negative earnings in the year of the

write-off, but will have a significant upward earnings effect in subsequent years. As a

result, the abnormal earnings forecast error is negatively correlated. If the accounting

measurement process would not be conservative, and would periodically match costs

with revenues, then subsequent abnormal forecast errors would not have a negative

correlation.

The implied ROE persistence (ω in panel A) is 0.69 in 1978-81, and increases to

0.78 in 1991-96. Again, the increase of ROE persistence over the sample period is

consistent with accounting measurement becoming more conservative over time, es-

pecially for the high growth firms (see also panel B of table 3.4). The long run ROE
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Table 3.14:

Second benchmark : regression results

PANEL A : ROE Predictiona

Period Obs Intercept ROEt ROEt−1 ω b δ b roe b R2

1978-80 2,216 0.02 0.70 -0.01 0.69 0.01 0.07 0.45
(5.78) (33.98) (-0.38)

1981-85 5,161 0.01 0.64 0.06 0.72 -0.08 0.05 0.39
(6.54) (43.94) (4.09)

1986-90 7,170 0.00 0.59 0.12 0.75 -0.17 0.00 0.38
(0.63) (47.91) (10.50)

1991-96 7,468 -0.00 0.63 0.12 0.78 -0.16 -0.01 0.42
(-0.76) (53.29) (10.64)

PANEL B : UNA Regressiona

Period Obs Intercept ROEt ROEt−1 r b R2

1978-80 2,216 -0.34 3.16 1.68 0.07 0.27
(-9.85) (16.24) (8.46)

1981-85 5,161 0.65 1.75 0.58 -0.28 0.08
(32.98) (14.36) (4.60)

1986-90 7,170 0.64 1.54 0.38 -0.33 0.07
(40.60) (16.54) (4.20)

1991-96 7,468 1.23 0.53 0.29 -1.50 0.01
(63.41) (5.35) (2.94)

a The regressions are of the following form:

ROEt+2 = α0 + α1ROEt + α2ROEt−1 + et+1 (3.8)

UNAt

BVt
= β0 + β1ROEt + β2ROEt−1 + ut (3.9)

The above equations are estimated separately for each sample period indicated
in the first column. Beneath each of the coefficient estimates is the associated
White-corrected t statistic.
b The implied ROE persistence, ωimplied, and forecast error persistence, δimplied,
are computed according to (2.23) in chapter 2. The long run ROE level in panel
A is calculated from (3.8) as: roeimplied =

α0
1−α1−α2

. The implied cost of capital

is calculated from (3.9) as: rimplied = − β0
β1+β2

.

level (roe in panel A) decreases from 0.07 to -0.01 over the sample period, similar

to the long run ROE values in table 3.11. Overall, the results in panel A confirm

the misspecification of the simple ROE prediction model in eq.(3.6), that assumes no

persistence of the forecast errors.

Panel B of table 3.14 shows highly significant valuation coefficients on ROEt and

ROEt−1. The decrease in adjusted R2 from 0.27 in the late 1970s to 0.01 in the 1990s

is striking, and consistent with the decrease in explanatory power of the valuation
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model discussed in section 3.6.1. Consistent with a negative implied δ, the coefficient

on ROEt−1 is positive.15 The implied cost of capital, r, is equal to 0.07 in 1978-81 and

becoming negative after 1981, confirming misspecification of the valuation equation

after 1981. That is, the estimated coefficients on ROEt and ROEt−1 do not reflect

their theoretical counterparts. One explanation for the misspecification is that im-

portant information (or sources of UNA) is omitted from the valuation model. That

would be consistent with the increase in UNA and the loss in value relevance of earn-

ings and book value over the sample period documented by Lev and Zarowin (1999).

The omitted information could also be responsible for the negatively autocorrelated

disturbance in the abnormal earnings forecast model (Johnston 1991, p.309).

To summarize, the second benchmark regression provides additional insights into

the autocorrelation of the ROE prediction forecast errors, and thus into the effects of

omitted variables on the ROE prediction and valuation equations. In particular, the

increasing negative autocorrelation of the ROE forecast errors over the sample period

reflect an increasing distortion of the accounting matching principle and increasing

conservatism. Consequently, both current and past ROE become less value relevant

over time.

3.7 Summary.

This chapter studies the effect of two sources of unrecognized net assets taken from

the firm’s competitive structure and from its accounting measurement features. I

use three variables to describe the former source of UNA (industry concentration,

barriers-to-entry, and market share), and three to describe the latter (security re-

turns, one time items and the sign of earnings). Similar to the prior accounting

studies, I estimate a valuation model on sample partitions based on the three ac-

counting recognition features and growth. The model incorporates the competitive

structure variables as independent variables. I use the valuation model to explain

15The valuation coefficient on ROEt−1 is equal to β2 =
−ωδ(1+r)

(1+r−ω)(1+r−δ)(1+g) . A negative δ and

positive ω results in a positive β2.
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cross-sectional differences in UNA. I also estimate a ROE prediction model to verify

the LID assumption underlying the valuation equation.

I report empirical results on the effects of competitive structure, accounting recog-

nition lags, and growth on the coefficients in the ROE prediction and UNA valuation

equations.

The first set of results relate to the competitive structure variables and the first

two hypotheses in this chapter. The two inter-industry competitive structure vari-

ables (HHI and PPETA) are not strong predictors of future ROE above current

ROE. The result is evidence against the traditional SCP paradigm in the IO litera-

ture that relates a firm’s profitability to the structure of the industry. On the other

hand, both variables often have significant negative signs in the UNA valuation equa-

tions. The valuation result is in contradiction with the valuation hypothesis on HHI

and PPETA. One possible explanation for the negative effect of HHI and PPETA

on UNA is that highly concentrated industries with few and large incumbents consist

of large and fairly mature firms that do not grow much. If large UNA mainly results

from conservative accounting procedures and future growth perspectives, then it is

not surprising that HHI and PPETA have a negative coefficient in the valuation

equation, since large firms typically have lower future growth. As noted by Myers

(1999), smaller start-up firms are frequently cited as being the most conservative

firms.16 Market share has a significant positive effect in the ROE prediction model,

which supports the efficiency paradigm in the IO literature. As expected, MS has a

positive valuation multiple for the low growth firms, but negative valuation multiple

for high growth firms. Thus, the market share valuation hypothesis is only supported

for low growth firms.

The second set of results focus on the accounting recognition hypothesis. Firms

with slower accounting recognition (i.e., less conservative) are identified by positive

16For example, Yahoo is a young internet company with a market-to-book ratio of 44 and a market
capitalization of 24 billion dollar in 1998. The fixed asset proportion expressed by ratio of PPE to
total assets (PPETA) is only 2.4% for Yahoo.
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security returns, nonnegative one time items, and positive accounting earnings. Con-

sistent with the hypothesis, firms with longer recognition lags have more persistent

ROE series, and have higher valuation multiples on current ROE, irrespective of

their growth rate. In addition, the competitive structure proxies become less value

relevant for firms with longer recognition lags. In general, current ROE is a bet-

ter predictor of future ROE for firms with longer recognition lags, and competitive

structure proxies have less predictive value than for firms with shorter recognition

lags. Shorter accounting recognition lags also result in more informative competitive

structure characteristics with respect to UNA.

The third set of results relate to the growth hypothesis. Earnings retention rate

is used as a growth variable, and has been considered as a good indicator of future

growth. Growth is expected to decrease ROE persistence and decrease the ROE

valuation multiple, i.e., current ROE has a lower valuation multiple for high growth

firms compared to low growth firms. The growth hypothesis is supported by both the

ROE prediction results and UNA valuation results. Current accounting profitability

is less informative with respect to future profitability of UNA for high growth firms

compared to current ROE of low growth firms. ROE persistence remains stable over

the sample period for both high and low growth firms. However, the value relevance

of current ROE seriously decreases over time for high growth firms, in contrast with

a stationary or even increasing trend of the ROE multiple for low growth firms. The

result is consistent with previous studies that report a decrease in value relevance of

accounting summary measures for growth firms (Lev and Zarowin 1999).

My findings are important in two ways. First, IO studies sometimes use account-

ing profitability as a substitute for economic profitability, and explain profitability

levels and dynamics across industries or within an industry. My findings suggest

that the stochastic process underlying accounting profitability is seriously affected by

the accounting measurement process and by a firm’s growth, and not so much by

the traditional industry structure characteristics (except for market share). I provide

conditions under which accounting measurement results in a more timely profitability
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measure, i.e., with shorter recognition lags. I also provide evidence of the effect of

competition, accounting recognition lags and growth on cross-sectional differences in

UNA and on the valuation multiple of current accounting profitability.

Second, I provide additional evidence on the empirical applicability of a residual

income model similar to Ohlson (1995). The sign of the valuation multiples on the

competitive structure variables are often inconsistent with the predicted sign of their

theoretical counterparts, suggesting that the linear information dynamic might be

misspecified. Overall, the decreasing explanatory power of the valuation equation

in the period 1978-1995 suggests that the residual income model is becoming less

empirically valid. The valuation model performs best for the subset of low growth

firms. My research has implications for value relevance studies in accounting that use

sample firms from many industries with different growth patterns. In particular, I

show that commonly used linear valuation models that include accounting summary

measures (such as book value of equity and earnings) are likely to be misspecified for

large subsets of the sample. I provide several specification test results in this chapter

that support this conjecture.

To overcome several of the shortcomings described in this chapter, the research

I conduct in the next chapter focuses on one particular industry. Studying one in-

dustry enables me to identify subsets of firms with similar production functions and

strategies, and to understand the economics of the industry much better. I can also

study in more detail the specific accounting measurement characteristics and their

implications on explaining cross-sectional differences in UNA. Studying one partic-

ular industry also allows me to find better competitive structure proxies with less

measurement error.



Chapter 4

The Pharmaceutical Industry

4.1 Overview and Motivation.

This chapter examines sources of cross-sectional differences between market value and

book value of equity in the pharmaceutical industry. Similar to the previous chapter,

I use a residual income-based valuation model to assess the role of identified compet-

itive structure and accounting recognition sources of unrecognized net assets (UNA)

in explaining UNA. Chapter 2 provides an introduction to the residual income valu-

ation model. I focus on a particular industry - the pharmaceutical industry - for four

reasons. First, I want to overcome several shortcomings of the broad cross-sectional

study in the previous chapter. In particular, the competitive structure variables con-

tain much measurement error when calculated on a large variety of firms in different

industries. By focusing on a single industry, I hope to derive less noisy competitive

structure variables. Second, I want to study an industry where UNA is high and

there is great cross-sectional variation in UNA. The pharmaceutical and computer

industry are among the industries with the highest level of UNA. Third, I have two

important contextual supplemental disclosures available over a long period to com-

pute competitive proxies: drug information from the Food and Drug Administration

(FDA) and patent information from the U.S. Patent Office. Finally, relatively large

R&D investments are an important feature of the pharmaceutical industry. However,

U.S. accounting standards require firms to expense these investments rather than to

102
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capitalize them. R&D recognition and the valuation consequences for earnings, book

value and R&D expenses are important research issues.

Explaining cross-sectional differences in UNA is equivalent to explaining differ-

ences in the market-to-book ratio (or scaled UNA). The valuation equation in this

chapter expresses the market-to-book ratio as a linear function of return on equity

(ROE) and R&D expenses scaled by book value (RDBV ). The R&D term is the

distinctive feature of the model when compared to other residual income valuation

specifications in the recent accounting literature. I focus on R&D because it is a key

element in the production function of pharmaceutical companies, and also because

R&D is fully expensed and hence a major source of UNA. R&D enters the valua-

tion equation through an economic durability parameter that represents the degree

of success in R&D investments or the economic depreciation of R&D capital. Since it

is important to understand the weights the stock market puts on ROE and R&D, my

theoretical and empirical analyses focus on the ROE and RDBV valuation multiples.

In particular, I examine the effects of competition, R&D success and growth in R&D

investments on the respective valuation multiples.

The theoretical part of the chapter consists of three sections. I first develop a

theoretical model to analyze the accounting recognition bias in earnings and book

value of equity caused by the currently adopted accounting treatment of R&D. Both

earnings and book value of equity are different under R&D capitalization versus R&D

expensing. I then derive a residual income valuation model that includes ROE and

R&D to analyze cross-sectional differences in UNA and to form predictions on cross-

sectional variation in the valuation coefficients on ROE and R&D. I show that growth

in R&D, persistence of abnormal profitability, and economic depreciation of R&D cap-

ital jointly determine the valuation coefficients on ROE and R&D. I finally specify a

ROE prediction model to test the abnormal profitability assumption underlying the

valuation equation.

In the empirical design, I use five proxies for the theoretical growth, persistence
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and economic depreciation parameters. Two of these empirical measures capture as-

pects of the competitive structure of the drug industry (drug firm type and a firm’s

overall therapeutic market share). The two competition proxies are expected to af-

fect abnormal profitability persistence, and therefore the valuation multiples on ROE

and RDBV . The third proxy is based on patent information: the number of patents

granted to a firm is a measure of innovation that is output oriented, in contrast

with the R&D expenditures that are input oriented. Firms that are more successful

in conducting R&D will have more patents per dollar of invested R&D than firms

that are less successful. The patent variable affects the economic depreciation rate

of R&D capital since successful R&D is expected to generate relatively more future

benefits (e.g., more revenues or higher cost-efficiency) than unsuccessful R&D. As a

consequence, the patent variable also affects R&D reporting bias in ROE. Finally,

I have two R&D growth proxies, one shortterm and one medium term growth variable.

There are four hypotheses in this chapter. Two relate to the effect of competitive

structure on the valuation coefficients of ROE and R&D, one relates to the valuation

effect of differential patent output per dollar of R&D, and the last hypothesis relates

to R&D growth effects on the valuation model. I predict that pioneering drug firms

(versus generic drug manufacturers) and firms with higher overall therapeutic market

shares have higher valuation multiples on ROE and R&D. I also predict that firms

with a higher number of patents per R&D dollar have a higher valuation coefficient

on R&D. Finally, I predict that high growth firms have a higher valuation coefficient

on ROE and higher coefficient on R&D. However, the last prediction depends on the

level of growth exceeding a certain level.

I test the four hypotheses on a sample of 35 drug manufacturers that operate in

the pharmaceutical preparation industry over the period 1975-1998. I also include in-

formation on their wholly owned subsidiaries. The pooled cross-sectional time series

sample has 15 generic and 20 pioneering parent drug firms. I match the data obtained

from the FDA and the U.S. Patent Office with financial information. The econometric

model explaining differences in the market-to-book ratio includes an intercept, ROE
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and scaled R&D as explanatory variables. The effect of the competitive structure,

patent and growth variables on the coefficients in the valuation equation is studied

by defining dummy variables for the UNA variables that interact with the intercept,

ROE and R&D variable. As a result, the three valuation coefficients can vary with

the level of the four UNA proxies.

All four valuation hypotheses are strongly supported by the regression results.

Not only do I find that R&D should be included as a separate term in the valuation

model for research intensive firms, but also that competitive structure, R&D success

and growth in R&D investments affect the valuation multiples of ROE and scaled

R&D in predicted ways. I also show that accounting loss firms, representing 11% of

the sample, have much lower valuation multiples on ROE and R&D than profit firms,

suggesting a lower value relevance of both ROE and R&D.

Section 4.2 explains some industry specific institutional terminology, and describes

the drug development and patent process. The next section derives a residual income

based valuation model in terms of ROE and R&D. Section 4.5 develops the hy-

potheses. Section 4.6 describes the variables used in the empirical part of the study.

Section 4.7 presents the empirical regression equations and empirical tests. Section

4.8 presents the data to estimate the valuation model. Section 4.9 reports the results

for the pooled sample and UNA portfolios. Section 4.10 presents a summary and

conclusions.

4.2 Pharmaceutical Industry.

The pharmaceutical industry provides an ideal setting within which to examine cross-

sectional differences in UNA for several reasons. First, the market-to-book ratio sub-

stantially varies across firms (the [5%,95%]-interval is [1.2,8.9]), with a median level

of 3.6. This ranks it as one of the highest among all industries (1.07 is the median

market-to-book ratio for the population of non-financial Compustat firms). Market-

to-book ratios reflect UNA by definition. Second, this industry provides supplemental



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 106

disclosures that are potential proxies for UNA. Most of these data are required by

the Food and Drug Administration (FDA). Third, the pharmaceutical industry is

unusually research intensive. A key production factor is scientific and technological

knowledge, and knowledge is acquired through R&D investments.1 Successful R&D

is a critical driver of sales, profits and eventually value of a pharmaceutical firm. Yet

GAAP requires expensing of R&D. In this study, I focus on the determinants of R&D

success and show how these elements are introduced in an accounting-based valuation

framework (see section 4.3). Fourth, there are two types of firms in the industry -

pioneering and generic firms - each with its own specific production function (terms

are defined in section 4.2.1). The distinction between firm type helps explain differ-

ences in UNA.

4.2.1 The Drug Development Process.

Pharmaceutical manufacturers fall into two main categories: pioneering and generic

drug firms (Scott Morton 1998). I discuss several aspects of both types of manufac-

turers, and in particular elements that describe the competition between and among

these firms.

Pioneering drug firms undertake R&D to discover new drugs and bring them

to market under a brand name. Examples of pioneering drug firms are Abbott, Alza,

Merck, and Pfizer. The entire process of R&D, production, and quality control is

regulated and monitored by FDA. A pioneering firm must have an approved New Drug

Application (NDA) to sell a new product. Drug innovation and development can be

viewed as a sequential decision process of information acquisition under uncertainty

(Dimasi et al. 1995). Pharmaceutical R&D is composed of seven fairly standardized

steps (PhRMA 1999, p.27). The table below summarizes these stages.

1R&D activity usually generates future benefits which are intangible. Other investments are
usually tangible assets, such as capital expenditures. An investment in R&D is an investment in the
production of knowledge, and the benefits are realized indirectly through the impact of the discovery
on other assets. For example, the discovery of a new therapeutically active chemical entity might
eventually result in the sale of a new drug. The sales are made possible through investments in
plants, machinery, distribution channels, etc.
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Table 4.1:

Drug Development Stages a

Stage R&D % Years

1. Discovery stage 12% 2-10

2. Preclinical tests 28% 4

3. Phase I clinical trial 4% 1

4. Phase II clinical trial 7% 2

5. Phase III clinical trial 19% 3-4

6. FDA review/approval 4% 1

7. Additional testing & manufacturing 16% 1

Other 10%

a Source: PhRMA (1999, p.22).

First, the discovery stage takes between two and ten years. The research consists

of laboratory screening of molecules to evaluate their therapeutic potential and toxi-

city. Second, the relative safety of newly synthesized compounds is evaluated in the

preclinical test phase (laboratory and animal testing). Both the discovery and preclin-

ical tests consume on average 40% of the R&D budget. Before the clinical trials (step

three to five), a pioneering firm has to apply to the FDA for an Investigational New

Drug exemption (IND). The FDA can reject IND applications if there is insufficient

evidence that the new compounds can be safely tested in human beings. Third, in the

phase I clinical trials, drugs are evaluated for safety in healthy volunteers. Fourth,

the efficacy of the drug is the primary focus in the phase II clinical trials. The trials

are conducted with 100 to 300 patient volunteers instead of healthy volunteers. Fifth,

the large phase III clinical trials evaluate safety and efficacy in groups of patients

with the disease to be treated (usually between 1,000 and 5,000 patients). Adverse

reactions to longterm use are monitored over a long period (usually between 2 and 4

years). Only 18% of the drugs that entered the clinical trials during the 1980s were

eventually marketed. Sixth, the firm submits an NDA to FDA for approval to manu-

facture, distribute and market based on the safety and efficacy data obtained during
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Figure 4.1:
R&D expenditures by pioneering drug firms (1980-99)

(in million dollars)
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the clinical trials. FDA usually completes its review in 10 to 12 months. The last

step comprises additional post-marketing testing. Pharmaceutical firms must inform

FDA of serious or unexpected adverse reactions. On average it took 14.9 years for

drugs approved between 1990 and 1996 to be discovered, tested and approved. The

R&D investments made in this long period are on average allocated as follows: 40%

for preclinical activities, 30% for clinical trials, and 20% for IND/NDA approvals,

manufacturing and quality control.

Figure 4.1 shows that 20.1 billion was spent in 1999 on R&D within the U.S.

by both U.S.-owned and foreign-owned pioneering drug firms (PhRMA 1999, p.15).

Pioneering firms have doubled their R&D investments since 1990. The Boston Con-

sulting Group estimated the pre-tax cost of developing a drug introduced in 1990 to

be 500 million dollars, including the cost of research failures as well as interest costs
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over the entire R&D period. Dimasi et al. (1995) estimate that on average only 3

out of 10 drugs are able to recoup their R&D investments from their sales.

To summarize, the R&D process of pioneering drug manufacturers is long and

costly, and R&D payoffs are earned many years after the investments are incurred.

The large time lag and the magnitude of R&D investments coupled with GAAP re-

quired expensing of R&D makes R&D the single most important source of UNA in

the pharmaceutical industry. I present a formal model of this in section 4.4.

The second category contains generic drug manufacturers. A generic drug firm

is an “imitator” firm that submits an Abbreviated New Drug Applications (ANDA)

to FDA. The ANDA demonstrates that the generic drug is “bioequivalent” to the

original branded drug (manufactured by a pioneering drug firm). Market entry by

generics was relatively limited prior to the 1984 Drug Price Competition and Patent

Term Restoration Act (Hatch-Waxman Act) because of costly FDA requirements that

had to be met by the generic products. That is, generic drugs often would have to

duplicate many of the pioneer’s tests to gain market approval after patent expiration.

The act facilitated the entry of generic drugs after patent expiration by requiring only

an “abbreviated” application procedure from the generic firm while it also restored

part of the patent life lost during the premarket regulatory process of pioneering

drug introductions (Grabowski and Vernon 1992). In addition, FDA inspects the

equipment the firm plans to use to manufacture the generic drug, and also inspects

early batches of the drug. The ANDA application process takes on average about

18 months from first submission of the application to final granting of permission

(Scott Morton 1998). A generic firm can enter a therapeutic market when a patent

protecting a pioneering drug expires. Typically, a patent expires after a drug has

been on the market for 12 years (Grabowski and Vernon 1994). Before 1984, it took

on average 3 years between the patent expiration date and generic entry with a 40%

probability that generic entry occurs. After 1984, it took on average 1.2 months,

with a 91% probability that generic entry occurs (CBO 1998, p.67). The next section

discusses the patent issue in more detail.
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Figure 4.2:
Generics’ share of U.S. prescription drug market

(percentage share of prescription units)
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The Congressional Budget Office provides a detailed report on the effects of in-

creased competition from generic drugs on the prices and returns in the pharmaceu-

tical industry after the 1984 Act (CBO 1998). The price of a generic drug is on

average between 40% and 60% lower than the original pioneering drug. As a result,

the market share of the pioneering drug significantly shrinks in the post-expiration

period. A way for a pioneering drug firm to deter entry and to keep a high market

share even after patent expiration is to build up brand loyalty. That is, a pioneering

firm heavily promotes its products (visits to physicians and pharmacists, advertising

in medical journals, or direct mail) and hopes that physicians will keep prescribing

its products even after generic entry occurred (Hurwitz and Caves 1988). I do not

explicitly study the brand loyalty issue in my study.
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Figure 4.2 shows an increasing market share of generic drug manufacturers in the

prescription drug market after the 1984 Act, with a share (in prescription units) in-

creasing from 18.6% in 1984 to 46.5% in 1998. Before 1984, generic market share was

very small for most multi-source drugs, with the exception of antibiotics. Generic

market share averaged 12.7% for 29 multi-source drugs that were among the top 100

rated by total U.S. revenues. However, actual generic market share for the average

brand name drug was smaller than that after accounting for cases in which generic

entry did not occur (CBO 1998, p.66). Thus, a regulatory force was responsible for

the dramatic increase in market share of the generic drug firms.

Finally, although creating and filing an ANDA is much less costly than discovering

and developing a new drug, entry costs are nevertheless significant for a generic firm

(facing price competition and high sunk costs) (Scott Morton 1999). Alpharma, My-

lan and Teva are examples of generic drug manufacturers. Cimetidine is an example

of a generic copy of Tagamet, an anti-ulcer drug pioneered by Smithkline in 1977.

Several generic firms introduced Cimetidine starting from 1994 (e.g., Mylan in 1994,

Teva and Zenith in 1995), after the patent protecting Tagamet expired.

I develop two UNA proxies from FDA related data. One variable distinguishes

generic firms from pioneering firms, and another focuses on a firm’s market share

within its therapeutic markets.

4.2.2 Patents.

R&D expenditures are an ex ante cost or input measure and are not in themselves

intangible assets. However, UNA reflects ex post the outcome or success of these

R&D expenditures. The crucial determinant of success for a pharmaceutical firm is

its ability to bring out a succession of new products that have a significant market

impact. Performance in the development of successful new products is the key to un-

derstanding sales, earnings persistence and valuation. While patents are clearly only

one possible measure of success in R&D, NDAs, as well as sales and market shares
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are alternative measures of research output. However, patents are early indicators of

R&D success since patent applications are usually submitted early in the innovation

process. I relate the annual number of filed patents (and eventually granted) to past

R&D investments as an empirical proxy for economic depreciation of R&D capital.

A pharmaceutical firm that acquires a patent becomes a temporary monopolist.

Once a drug is discovered and developed, it is relatively easy to reproduce. By pro-

tecting intellectual property, patents provide pharmaceutical firms with a necessary

period of market exclusivity to recoup their R&D investments, and patents also en-

courage future innovative activities. Typically, a firm files a patent application when a

drug is at the discovery or preclinical stage, provided that sufficient information exists

to prepare a patent application which fully complies with the patent laws Schweitzer

(1997). The term of a utility patent was 17 years until the World Trade Organization

extended the period to 20 years from the date of filing. The effective patent life is the

elapsed time between the FDA approval and the expiration of the last patent that

effectively protects the original compound from competition from generic substitutes.

The Office of Technology Assessment (1993) estimated the effective patent life for

drugs approved between 1968 and 1989 to vary between 9 and 13 years.

4.3 Model Development.

As explained in the introduction, the valuation framework leads to the hypotheses

related to explaining cross-sectional differences in UNA. I derive an accounting-based

valuation model based on accounting profitability adjusted for R&D capitalization.

Before deriving the valuation model, I explain how the expensing of R&D under cur-

rent US GAAP (as opposed to capitalization) introduces a bias in reported earnings

and book value of equity, and consequently in book return on equity (ROE) in section

4.4. I refer to appendix D.7 for an overview of the variables and parameters used in

the text.
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4.4 The R&D Bias in ROE.

Weiss (1969) was the first to provide a framework to analyze the reporting bias in

return on equity due to fully expensing of R&D. More recently, Lev et al. (1999) focus

on this issue. Pharmaceutical firms (both pioneering and generic firms) invest heavily

in intangible R&D assets (or R&D capital). As typically viewed by the literature,

R&D capital represents the stock of knowledge a firm possesses at a certain point in

time, and is the most important production factor for a pharmaceutical firm. The

stock is accumulated through R&D efforts, and it depreciates and becomes obsolete

due to such conditions as development of superior techniques and the decline in

appropriability of knowledge as it diffuses (Goto and Suzuki 1989). Under current

US GAAP, R&D investments are immediately expensed. As a result, two accounting

effects occur. First, earnings under current GAAP differ from capitalized earnings (i.e.

when intangible R&D capital would be capitalized and depreciated over its expected

economic life) because current R&D outlays are immediately expensed. Second, book

value of equity does not reflect investments in and depreciation of R&D capital. I

formalize the two accounting effects as follows:

CNIt = NIt + RDt −DEPRDt,

CBVt = BVt +
∞∑
τ=0

RDt−τ −
∞∑
τ=0

DEPRDt−τ︸ ︷︷ ︸
R&D capital

, (4.1)

where CNI is net income under R&D capitalization, NI is net income under cur-

rent R&D GAAP, RD is R&D expense, DEPRD is depreciation charge on R&D

capital, CBV is book value of equity under R&D capitalization, and BV is book

value of equity under current GAAP. Eq.(4.1) holds for any capitalization scheme. In

particular, under current US GAAP, RDt is equal to DEPRt, that is R&D invest-

ments are fully expensed.2 However, the R&D capitalization proposed in this study

2In adopting FAS 2 in 1975, the FASB chose the most conservative possible ruling regarding
accounting for R&D activity: expense all R&D as incurred. FASB’s decision minimizes reporting
errors because only a minority of R&D efforts are successful. R&D efforts may run for several years.
If no benefit were to accrue to the firm from such an effort, capitalization of these costs over those
years would have overstated assets and earnings.



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 114

is one that measures economic depreciation (see below). BV reflects the non-R&D

net assets of a firm, and could be zero or negative if a firm only consists of R&D assets.

Industrial organization (hereafter IO) researchers suggest correcting accounting in-

come and book value as in eq.(4.1) by applying more reasonable depreciation schemes

than fully expensing. By doing so, corrected earnings and book value are “closer”

to their economic counterpart (Megna and Mueller 1991). That is, the left side vari-

ables in the above equations are considered to be approximations of economic income,

respectively economic capital, assuming that all forms of conservative income mea-

surement are captured by that reasonable R&D depreciation correction.3 Two other

conservative accounting treatments in the pharmaceutical industry are expensing of

advertisement, and immediate write-off of acquired R&D. A similar income adjust-

ment as in (4.1) could be done for these intangible assets.

To operationalize (4.1), I make two assumptions. First, consistent with the R&D

growth pattern shown in figure 4.1, I assume R&D expenses follow a deterministic

(or non-stochastic) exponential growth pattern:

RDt+τ = (1 + g)τRDt , (4.2)

where g represents the (firm-specific) constant R&D growth rate. By assuming a sim-

plified certainty model for R&D investments, insights into the nature of the reporting

bias in earnings and book value of equity by expensing R&D can be gained. Feltham

and Ohlson (1996) assume a similar growth process for investments in their cash flow

dynamic. In reality, R&D investments (and their success rate) determine cash in-

flows in future periods, which in turn determine internal financing sources available

for reinvestment or dividend payment.

3Conceptually, the correct capitalization of R&D would give true economic earnings. The latter
are defined as the cash flows received in a particular year less the reduction in the present value
of the asset’s remaining cash flows (Beaver 1998). The correct depreciation method is sometimes
referred to as “present-value” depreciation, since it produces an identity between book value and
present value (see Anton (1956), Kraus and Huefner (1972) and Beaver and Dukes (1974) for a
formal exposition on this topic).
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Second, similar to Hirschey (1982) I assume yearly R&D investments have a (firm-

specific) constant economic durability or retention rate λ: if 0 < λ � 1, then a portion

of the R&D expenditures in the current period will carry over to subsequent periods

and constitute an investment in intangible capital (or, R&D capital). On the other

hand, if λ = 0, then R&D expenditures only have an influence in the current period,

and should be expensed rather than capitalized. For example, unsuccessful R&D

investments have little or no future benefits for a firm. In principle, λ can be de-

rived from a present value analysis of future cash flows generated from current R&D

investments. There are two possible R&D asset valuation calculations (Brief 1999,

p.14). The difference between the calculations depends on which discount factor is

used in the present value calculation of future R&D benefits. The first valuation,

the IRR model, discounts future cash flows from current R&D investments at the

internal rate of return. As a result, the total depreciation over the life of the R&D

asset is equal to the initial investment, or the R&D capital under the IRR method

is fully depreciable. In the second model, the market value model, future cash flows

are discounted at the firm’s cost of capital, and R&D capital is equal to the market

value of R&D investments. Beaver and Dukes (1974) note that if one assumes the

internal rate of return to be equal to the cost of capital, then the book value of the

asset would be equal to its present value and the depreciation charge would equal

changes in the present value of the asset. In other words, the IRR model and market

value model result in the same value of R&D capital.

The depreciation charge, 1 − λ, reflects the changes in the present value of the

R&D asset. Assuming λ to be constant over time results in the following declining

balance depreciation formula:4

DEPRDt = (1− λ)
(1 + g)

1 + g − λ
RDt , (4.3)

where g is the yearly growth rate in R&D investment, and 1 − λ is the economic

4The derivation of eq.(4.3) is explained in appendix D.1.
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depreciation rate of R&D capital with 0 � λ � 1. I implicitly assume λ < 1 + g

and therefore do not allow negative growth rates of less than -1 (since 0 � λ <

1 + g). As indicated above, λ reflects the rate of success of R&D investments or

R&D productivity; unsuccessful R&D investments should be written-off immediately

(similar to the complete expensing under current GAAP). For a pharmaceutical firm,

a great part of the research efforts does not result in an FDA approved drug (see

section 4.2.1). Firms that are more successful have higher λ’s than firms with lower

R&D success. The λ parameter also reflects cash flow persistence in the Feltham-

Ohlson model (1996): more persistent cash inflows from R&D investments correspond

with a higher λ. Substituting eqs. (4.2) and (4.3) in (4.1), the bias in reported NI

and BV is:

R&D related NI Bias = NIt − CNIt = − λg
1+g−λRDt = −Φ1RDt ,

R&D related BV Bias = BVt − CBVt = −λ(1+g)
1+g−λRDt = −Φ2RDt .

(4.4)

The above equations implicitly assume the growth rate in R&D is smaller than the

depreciation rate (i.e., g < 1 − λ). Based on the two above mentioned implicit as-

sumptions, the growth rate should satisfy the following condition: −1 < g < 1. The

bias terms are expressed in terms of current R&D expense. Obviously, firms with

higher R&D investments have higher biases, ceteris paribus. Notice that the two

bias coefficients are related: Φ2 =
1+g
g
Φ1. Another feature is the preservation of the

clean surplus relation (CSR) when capitalization adjusted CNI and CBV are used:

CBVt = CBVt−1 + CNIt + Dt (for a proof see appendix D.2).

I now discuss the effect of growth (g) and R&D durability (λ) on the two bias

parameters, Φ1 and Φ2. If R&D investments are constant over time (i.e., g = 0),

then the net income bias disappears, whereas the book value bias is a function of the

R&D durability parameter. If R&D investments have no longterm effect (i.e., λ = 0),

then both biases vanish. Firms with higher R&D durability will have a higher bias

in net income and book value than firms with lower values on λ, ceteris paribus:
∂Φ1

∂λ
> 0 and ∂Φ2

∂λ
> 0. On the other hand, firms that experience a higher growth
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in R&D investments (g) will have a higher net income bias, but a lower book value

bias: ∂Φ1

∂g
> 0 and ∂Φ2

∂g
< 0. This observation is consistent with Beaver and Ryan

(2000). They demonstrate that growth has a differential effect on the degree of conser-

vatism in earnings and book value, where growth is defined as asset expansion of the

firm. Their model compares the effects of accelerated and straight line depreciation.

They predict that high growth mitigates the effects of conservatism on book value

(there are relatively more new undepreciated assets than conservatively depreciated

old assets), and accentuates the effects of conservatism on earnings (there are rela-

tively more new assets with high depreciation than old assets with low depreciation).5

Next, I derive the bias in return on equity, ROE, since ROE will be one of the

key explanatory variables of UNA. Under R&D capitalization, the return on equity

is defined as:

CROEt =
CNIt

CBVt−1
=

NIt + Φ1RDt

BVt−1 + Φ2RDt−1
=

NIt

BVt−1
+ Φ1

RDt

BVt−1

1 +
Φ1

g

RDt

BVt−1

. (4.5)

If the capitalization corrected CROE does not contain any accounting bias, then

CROE reflects a firm’s internal rate of return. In section 4.4.1, I assume a stochastic

process for CROE with an expected value equal to the cost of capital. From (4.5),

the R&D bias in reported ROE is expressed as:

R&D related ROE Bias = ROEt − CROEt =
Φ2

RDt−1

BVt−1

1 + Φ2
RDt−1

BVt−1

[ROEt − g] ,

(4.6)

where ROEt =
NIt
BVt−1

is book return on equity under current GAAP at time t. The

above equation provides insight into the magnitude of the R&D bias in reported

ROE.6

5It seems reasonable that rapidly growing firms will have newer plant and equipment whose book
values more closely correspond with economic values than do the book values of less dynamic firms
with older tangible investments (Hirschey 1982).
6Lev et al. (1999) provide a different approach in their proposition 1 to describe the sign and
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Figure 4.3 illustrates the sign and magnitude of the R&D related bias in ROE as

a function of reported ROE and growth in R&D investments, g. The bias depends

on the current level of ROEt, growth in R&D investments, past R&D intensity, and

finally the durability of R&D investments (included in Phi1 and Φ2). The lines in

the graph represent ROE bias contour lines or “iso-bias” lines : for a given value for

ROE bias, lines are drawn by connecting the (ROE, g)-coordinates where that ROE

bias value occurs, assuming RD
BV

= 0.14.7 In both part (a) and (b) of figure 4.3, I dis-

tinguish two regions. The bold line that divides the two regions is represented by the

45 degree line (ROEt = g) and shows the points where the bias in reported ROE is

equal to zero. Below the 45 degree line (i.e., the lower triangle), ROE is greater than

g, which indicates a positive bias in reported ROE. In other words, ROE under full

expensing of R&D is higher than CROE under capitalization. Above the 45 degree

line (i.e., the upper triangle), the bias in reported ROE is negative. Lev et al. (1999)

note that for young firms or for firms in industries where the growth rate of intangible

investments surpasses their profitability, typically ROE under current GAAP is much

lower than CROE under capitalization. Young growth firms typically lie in the area

above the 45 degree line in figure 4.3.

Next, I illustrate the influence of λ on the bias in ROE. Part (a) of figure 4.3

shows the bias contour lines at a λ level of 0.65. That is, two thirds of the R&D

capital is carried over to the next year, and one third is depreciated. For example, at

ROE = 0.30 and g = 0.10, the bias in reported ROE is 0.02 (CROE = 0.28). Part

(b) of figure 4.3 shows the bias contour lines at a λ level of 0.95. At ROE = 0.30 and

g = 0.10, the bias in reported ROE is 0.10 (CROE = 0.20), Thus, the magnitude

of the bias in ROE is increasing with higher levels of λ. Another example illustrates

the bias for zero growth firms (g = 0). Zero growth firms that report an ROE of

magnitude of the R&D reporting bias in ROE. In their model, the bias is positive if ROE � g
1+g/2 .

The latter ROE condition leads to a similar prediction on the sign of the reporting bias as in my
eq.(4.6).
7The assumed RD/BV ratio is based on the median observed ratio for the pioneering drug firms

(see descriptive statistics in table 4.3).
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Figure 4.3:
Bias in reported ROE due to R&D expensing :
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0.30 have a bias of 0.06 if λ = 0.65 and a bias of more than 0.20 if λ = 0.95. In the

second case, the capitalized return on equity, CROE, is below 0.10 (since the bias

is more than 0.20) and is likely to fall below the cost of capital of the firm, which

is estimated between 0.15 and 0.18 for pioneering firms (Taylor 1999). However, in

the case where λ = 0.65, the capitalized return on equity would be greater than the

cost of capital (CROE = 0.24). Thus, depending on the level of economic durability

(λ), the capitalized version of return on equity could be above or below the cost of

capital, even though reported ROE largely exceeds the cost of capital.

4.4.1 ROE-based Valuation Model.

Ohlson (1995) shows that the dividend discount model can be rewritten in terms of

book value and expected future abnormal earnings. I prefer the use of a scaled residual

earnings valuation model to an unscaled version for two reasons. First, book return on

equity (ROE) is a central valuation measure (Palepu et al. 1996). It is straightforward

to estimate an unscaled valuation equation with book value and earnings as separate

variables, which I will carry out as a sensitivity check. Second, there is a statistical

basis for using ROE as valuation measure. In particular, abnormal return on equity

under R&D capitalization (CROEa) is more likely to be a stationary series than

unscaled abnormal earnings adjusted for R&D bias (CNIa), where CROEa is defined

as CROE − r, and CNIa is equal to NIt − r BVt−1 (see table D.7). Qi et al. (2000)

provide empirical evidence on the nonstationarity of unscaled abnormal earnings, and

also show book value and abnormal earnings do not cointegrate with market value.8

Since the clean surplus relation holds under any R&D depreciation scheme, it also

holds for book value of equity (CBV ) and earnings (CNI) under R&D capitalization,

8Alternatively, I could transform unscaled CNIa into a stationary series through some order
of differencing. However, the necessary order of differentiation is unknown and could be quite
high. O’Hanlon (1997) demonstrates in his appendix that the presence of explosive properties of
unscaled abnormal earnings could even prevent the transformation of the abnormal earnings series
into a stationary series through differencing. If R&D is not the only source of biased accounting
recognition of economic income, then the mean CROE could deviate positively from the cost of
capital r and might cause unscaled CNIa to exhibit explosive properties.
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as shown in eq.(D.3) of appendix D. The unscaled valuation model becomes:

MVt = CBVt +
∞∑
τ=1

Et

[
CNIat+τ
(1 + r)τ

]
, (4.7)

where r is the constant cost of capital or discount rate for future expected dividends.9

Bernard (1994) derives an ROE-based valuation relation from the above model by

dividing both sides by BVt. Similar to Bernard, I rewrite the model in terms of book

value of equity and abnormal earnings under R&D capitalization:

MVt

CBVt
= 1 +

∞∑
τ=1

1
(1+r)τ

Et[CROEa
t+τ

CBVt+τ−1
CBVt

] ,

= 1 +
∞∑
τ=1

(1+k)τ−1

(1+r)τ
Et[CROEa

t+τ ],
(4.8)

where k is the constant growth rate of book value of equity under R&D capitalization

(k = CBVt+1

CBVt
− 1), and CROEa is the abnormal return on equity under R&D capi-

talization (CROEa
t = CROEt − r). To operationalize eq.(4.8), I need to transform

the infinite sum into an empirically measurable expression. Similar to Ohlson (1995),

I transform the infinite sum in eq.(4.8) by specifying a linear information dynamic

for CROEa. Similar to Geroski (1990) who models excess economic profits, I assume

abnormal CROEa follows an AR(1) process:

CROEa
t+1 = ωCROEa

t + εt+1 ,

CROEt+1 = (1− ω)r + ωCROEt + εt+1 ,
(4.9)

where CROEa
t represents abnormal bias-adjusted return on equity, r is the cost of

capital, and ε is an i.i.d. disturbance with mean zero. In other words, eq.(4.9) formal-

izes the idea that competition eventually drives all profit rates to a competitive level r.

9A constant discount rate assumes investors are risk neutral and interest rates are nonstochastic
and flat. Feltham and Ohlson (1999) provide a more general model that only rests on no arbitrage.
They adjust expected CNIa for its risk by deducting a term that depends on how CNIa correlates
with the economy-wide factors that determine risk in general. The discount factor is determined by
the term-structure of interest rates at the time of valuation. Finally, the capital charge component
of CNIa is equal to the riskless spot interest rate times the beginning book value. Since I do not
wish to focus on how to estimate firm specific risk adjustments of CNIa, I assume non-stochastic
discount rates that are equal to the cost of capital (used in the capital charge component of CNIa).
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The speed of convergence to r is reflected in ω.10 Also, in eq.(4.9), I make an explicit

stochastic assumption on CROEa and not on reported ROEa, since CROE should

be closer to the conceptual economic profitability rate than ROE. Modeling the dy-

namic of ROEa is more complicated since ROE is affected by typical characteristics

of the accounting model, such as conservatism or delayed recognition (in particular,

expensing of R&D).11 At this point, I note that the assumption in eq.(4.9) is the

most essential difference with the Ohlson (1995) model, which assumes a stochastic

relation on unscaled abnormal earnings.

The rate of convergence of CROE (ω) to the cost of capital (r) is hypothesized to

be a function of elements such as market competition (within a therapeutic market),

barriers-to-entry, and relative cost efficiency compared to other firms (Mueller 1990).

These elements are part of other information available at time t beyond accounting

information. I explicitly study the effect of other information on the persistence pa-

rameter (ω) and other valuation parameters (see below).

Using assumption (4.9) on the stochastic process of CROEa, I rewrite valuation

equation (4.8) as follows:

MVt

CBVt
= 1 +

ω

(1 + r)− ω(1 + k)
CROEa

t , (4.10)

where ω(1 + k) < 1 + r is assumed. Higher CROEa persistence ω results in a higher

valuation coefficient on CROEa. In the next section I provide more details on the

AR(1) assumption of CROEa and derive its implications for the stochastic process of

ROE. Since current GAAP does not allow capitalization of R&D expenses, I write

the above valuation relation in terms of observable BV and ROE (see appendix D

for derivations) assuming the growth rate of CBV is equal to the growth rate of R&D

10The above assumption does not incorporate an other information parameter as in Ohlson (1995).
The other information will enter the valuation framework in another way, as I show below.
11Van Breda (1981) suggests to treat accounting rates of return as the output from an accounting

“filter”, the input to which are economic events. He shows that it is easier to understand the
dynamics of the input process than to understand the filtered output.
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investments (i.e., k = g):12

MVt

BVt
= 1− ω

(1+r)−ω(1+g)r + ω
(1+r)−ω(1+g)ROEt +

(1+r)(1−ω)Φ2

(1+r)−ω(1+g)
RDt

BVt

= Λ0 + Λ1ROEt + Λ2
RDt

BVt
, (4.11)

where r represents the cost of capital, g is the constant growth in R&D investments

(equal to the growth rate of CBV ), and Φ2 is the parameter describing the R&D

capitalization bias in earnings (see definition (4.4) in appendix 4.4). The above equa-

tion expresses the market-to-book ratio as a sum of one minus a term involving the

cost of capital (r) plus a term with reported ROE plus a term with R&D intensity

(RDt

BVt
). Since the dependent variable and both ROE and RDt

BVt
are observable, the above

equation can be estimated. A notable feature in eq.(4.11) is the structural restriction

between the intercept and the coefficient on ROE: Λ0 = 1− rΛ1. Consequently, the

implied cost of capital r is equal to 1−Λ0

Λ1
.

I make several predictions on the effect of three key parameters on the valuation

coefficients Λ0, Λ1 and Λ2: abnormal return on equity persistence (ω, see equation

(4.9)), economic durability of R&D capital (λ, see definition (D.2)), and the growth

rate of R&D investments (g, see definition (4.2)). I summarize the partial derivatives

in the table below, where R = 1 + r and G = 1 + g:

Parameter Intercept (Λ0) ROE (Λ1) RDBV (Λ2)

ω ∂Λ0

∂ω
= −R(R−1)

(R−ωG)2
∂Λ1

∂ω
= R

(R−ωG)2
∂Λ2

∂ω
= RG(G−R)λ

(R−ωG)2(G−λ)
λ ∂Λ0

∂λ
= 0 ∂Λ1

∂λ
= 0 ∂Λ2

∂λ
= RG2(1−ω)

(R−ωG)(G−λ)2
g ∂Λ0

∂G
= −ω2(R−1)

(R−ωG)2
∂Λ1

∂G
= ω2

(R−ωG)2
∂Λ2

∂G
= Rλ(1−ω)[ωG2−Rλ]

(R−ωG)2(G−λ)2

I examine the sign of the above partial derivates in appendix D.5. I briefly discuss

12 In (D.5), I show that the growth rate in reported BV (k∗), is equal to the growth rate in
CBV (k) plus a term on R&D intensity. The R&D intensity parameter is a function of g, λ and
k. Intuitively, assuming that R&D investments grow at the same rate as total net assets (net R&D
plus non-R&D assets), implies that the relative composition of the balance sheet remains constant
over time. That is, the growth in R&D investments requires a similar growth in non-R&D assets
(for example working capital and PP&E), resulting in a constant ratio of R&D assets to non-R&D
assets. Unreported analysis supports the k = g assumption: I find a highly significant positive
Spearman correlation (coefficient of 0.24) between yearly growth in BV and growth in R&D.
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the effects of the three parameters ω, λ and g on the valuation coefficients.

First, higher CROEa persistence (ω) results in a lower intercept, a higher valua-

tion coefficient on ROE and an effect on the R&D coefficient that is positive when

g > r and negative when g < r, ceteris paribus. Written in mathematical notation:
∂Λ0

∂ω
< 0, ∂Λ1

∂ω
> 0 and sign(∂Λ2

∂ω
) = sign(g − r). Thus, when a firm experiences less

competition in its therapeutic markets (i.e., higher ω), its current level of ROE will

have a higher valuation multiple. From inspecting the partial derivatives, one notices

that growth in R&D investments determines the magnitude of the ω effect on the

valuation multiples: higher growth increases the effect of ω on both the ROE and

R&D valuation multiple.

Second, Λ2 is the only coefficient that depends on λ, i.e. the durability of R&D

capital. Higher R&D durability results from more successful R&D investments and

shows up in a higher valuation coefficient on R&D intensity, ceteris paribus: ∂Λ2

∂λ
> 0.

Thus, firms with more successful R&D investments are expected to have a higher

valuation multiple on R&D.

Third, higher growth in R&D (g) increases the valuation coefficient on ROE, and

reduces the intercept (Λ0), ceteris paribus:
∂Λ0

∂g
< 0, ∂Λ1

∂g
> 0. The growth effect on

the R&D valuation multiple depends on the sign of ωG2 − Rλ, or whether or not

G >
√

Rλ
ω
. Appendix D.5 shows two graphs that depict the growth condition. If a

firm’s R&D growth G is above the
√

Rλ
ω
-surface, then growth has a positive effect on

the R&D multiple (see part (a) of figure D.1). The contour plot in part (b) of the

figure gives the growth cutoff lines or contour lines: if observed growth is lower than

the value indicated by the contour line at a given level of ω and λ, then growth has a

negative effect on the R&D valuation multiple, ceteris paribus. The table below the

figure in appendix D.5 provides
√

Rλ
ω
-values at different levels of r, ω and λ. For ex-

ample, a firm with a cost of capital of 10%, abnormal profitability persistence of 0.7,

and R&D durability of 0.9 has a cutoff value of 1.189. So, if the firm’s annual growth

rate falls below 18.9%, then an increase in growth will have a negative effect on the
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R&D valuation multiple, as long as the firm’s growth rate remains below 18.9%. I

will discuss the above predictions in more detail in the hypotheses section.

I consider four special cases:

case 1 : λ = 0 ⇒ MVt
BVt

= 1− ω
(1+r)−ω(1+g)r +

ω
(1+r)−ω(1+g)ROEt

case 2 : ω = 0 ⇒ MVt
BVt

= 1 + λ(1+g)
1+g−λ

RDt
BVt

case 3 : g = 0 ⇒ MVt
BVt

= 1− ω
1+r−ωr +

ω
1+r−ωROEt +

(1+r)(1−ω)
1+r−ω

λ
1−λ

RDt
BVt

case 4 : λ = 0 ω = 0 ⇒ MVt
BVt

= 1

In case 1, R&D investments have no longterm effect, which is consistent with current

GAAP rules for R&D. Therefore, the R&D term disappears from the valuation model

(the yearly R&D investment is included in the ROE term). In case 2, full market

competition results in a zero CROEa persistence (ω = 0). The term on R&D repre-

sents the accounting bias in book value of equity, as in eq.(4.1). So even under the

condition of no abnormal profitability, market-to-book ratios are different from one,

depending on the degree of R&D intensity, the economic depreciation rate of R&D

capital, and the growth rate of R&D investments. In case 3, for no growth firms, the

valuation model is very similar to the full model in eq.(4.11). Finally, the market-to-

book ratio reduces to 1 in case 4, i.e. full competition and no R&D durability. Notice

that zero growth is not required to get a market-to-book ratio of 1.

Finally, the λ durability parameter is estimated from the R&D valuation multiple,

if estimates for ω and g are available:

λ̂ =
Λ̂2

Λ̂2

1+ĝ
+ (1 + Λ̂1 − Λ̂0)

1−ω̂
ω̂

(4.12)

where the hat symbol denotes estimated values for the parameters. I report λ̂ esti-

mates in the empirical results section.
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4.4.2 ROE Prediction.

A key assumption is the specification of eq.(4.9). Modeling excess profitability has

been done in the IO literature, for example Mueller (1990). One problem with eq.(4.9)

is that CROE is not observable. In appendix D, I derive a (reported) ROE prediction

model from eq.(4.9):

ROEt+1 = (1− ω)r + ωROEt + (1− ω)(r − g)Φ2
RDt

BVt
+ εt+1 ,

= Ψ0 + Ψ1ROEt + Ψ2
RDt

BVt
+ εt+1 . (4.13)

The above equation assumes that growth in CBV is equal to growth in R&D ex-

penses, i.e. k = g. The equation shows that future ROE (measured under current

GAAP) depends on the cost of capital, current ROE, research intensity (i.e., RDt

BVt
),

and the parameters ω, g, and λ. A notable feature of eq.(4.13) is that one can derive

the persistence in abnormal bias-adjusted return on equity from the coefficient on ob-

served ROE, because the accounting bias is fully absorbed by the scaled R&D term.

That feature of the model is based on the assumption that R&D is the only source

of accounting bias. If there are other sources of accounting bias, such as accelerated

depreciation of PP&E or fully expensing of advertisement, then the coefficient on

current observed ROE is likely to be a biased estimator for ω in eq.(4.9).

Both Ψ0 and Ψ1 are positive, but the sign of Ψ2 (coefficient on R&D) depends

on the sign of r − g : firms with a growth rate greater than their cost of capital

(g > r) will have a negative Ψ2, and vice versa. If g = r, then the term on R&D

disappears, and ROE = CROE (since eq.(4.13) is equal to eq.(4.9). This observa-

tion is consistent with earlier literature that compares accounting rates of returns to

internal rates of return. Stauffer (1971) among others shows that ROE is equal to

the firm’s internal rate of return (IRR) if the growth in book value of equity is equal

to the internal rate of return (g = IRR). Here, CROE could be considered as an

IRR converging to its cost of capital under competitive forces, i.e. E[CROE] = r

from eq.(4.9).
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Similar to the discussion of the valuation coefficient in the previous section, I

examine effects of competition (ω), R&D durability (λ) and R&D growth (g, or

G = 1 + g) on the ROE prediction equation. The table below gives the effects of ω,

λ and g on the coefficients Ψ0, Ψ1, and Ψ2:

Parameter Intercept (Ψ0) ROE (Ψ1) RDBV (Ψ2)

ω ∂Ψ0

∂ω
= −r ∂Ψ1

∂ω
= 1 ∂Ψ2

∂ω
= (G− R) λG

G−λ
λ ∂Ψ0

∂λ
= 0 ∂Ψ1

∂λ
= 0 ∂Ψ2

∂λ
= (1− ω)(R−G)( G

λ−G)
2

g ∂Ψ0

∂G
= 0 ∂Ψ1

∂G
= 0 ∂Ψ2

∂G
= −(1− ω)λG

2−2Gλ+Rλ
(λ−G)2

First, higher abnormal CROE persistence, ω, corresponds with a higher pre-

dictive ability of current ROE (∂Ψ1

∂ω
> 0) and a lower intercept (∂Ψ0

∂ω
< 0), since

corr(Ψ1,Ψ2)< 0. Similar to the valuation equation, the effect of ω on the R&D coef-

ficient depends on the sign of g − r. Fast growing firms will have a positive effect on

their R&D coefficient of increased ω, ceteris paribus.

Second, λ only effects the coefficient on R&D, Ψ2. The effect of an increased λ

depends on the sign of r − g : firms with a growth rate greater than their cost of

capital will have a negative effect on their R&D coefficient from an increased R&D

durability, and vice versa. That is, an increase in R&D durability lowers future ROE

for fast growing firms. This is consistent with figure 4.3 in section 4.4: an increase in

λ results in a more negative bias in reported ROE for fast growing firms (above the

45 degree line).

Third, growth is expected only to affect the coefficient on R&D, and not the inter-

cept or the coefficient on ROE. The effect of growth on the R&D coefficient depends

on the sign of G2 − 2Gλ + Rλ: if g > r, then ∂Ψ2

∂G
< 0. That is, high growth firms

experience an increasingly downward effect on future ROE from increasing R&D in-

vestments. If g = r, then Φ2 = 0 and growth does not affect Φ2 = 0, no matter what

the level of growth is.



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 128

I empirically test the above predictions since this represents a direct verification

of whether the assumption in eq.(4.9) holds. Similar to Barth et al. (1999), I conduct

empirical analyses to test consistencies between the the ROE prediction model in

eq.(4.13) and the valuation model in eq.(4.11). For example, if Ψ1 is low for a firm,

one would expect the valuation coefficient Λ1 to be low as well, since Ψ1 represent

abnormal CROEa persistence (ω).

Finally, similar to the valuation model, the λ durability parameter is estimated

from the R&D coefficient in theROE prediction model. If an estimate of g is available,

then the R&D capital durability parameter is calculated as:

λ̂ =
Ψ̂2

Ψ̂2

1+ĝ
+ (1− Ψ̂1)(

Ψ̂0

1−Ψ̂1
− ĝ)

(4.14)

where the hat symbol denotes estimated values for the parameters. I report λ̂ esti-

mates in the empirical results section.

4.5 Hypotheses.

This section discusses testable hypotheses based on the valuation model in (4.11). I

set the predictions in the hypotheses by inspecting the partial derivatives of the valu-

ation coefficients Λ0, Λ1 and Λ2 with respect to ω, λ and g. The first two hypotheses

make predictions on the effect of competition (ω) on the valuation coefficients. The

third hypothesis focuses on the economic duration parameter λ in the R&D intensity

valuation coefficient. Finally, the fourth hypothesis states a prediction on the effect

of R&D growth on the coefficients in the valuation model. I do not formulate a hy-

pothesis on r, the cost of capital, but assume r is the same across firms.

The first two hypotheses relate to the ω parameter in the valuation model. Firms

with more persistent abnormal CROEa - a higher ω - will have a higher valuation

coefficient on ROE and lower intercept, assuming ω is uncorrelated with g, r, and
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λ. The effect of ω on the RDBV valuation coefficient is expected to be positive if

the firm has a growth rate greater than its cost of capital, i.e. g > r. Abnormal

profitability is negatively related to competition. High competition within a specific

therapeutic market (e.g., cardiovascular drugs) could quickly drive profit rates to a

longterm competitive level. Consistent with previous IO literature, I view competition

as a primary determinant of ω. Effects of competition on g and λ are less clear.

Competition in a pharmaceutical market takes three forms: among brand name drugs,

between brand name drugs and generic substitutes, and among generic versions of the

same drug. The first hypothesis focuses on the distinction between generic firms and

pioneering drug firms. As explained in section 4.2.1, generic entry in a therapeutic

market occurs when patents of a pioneering drug expire, and when expected future

payoffs are high enough to make generic entry profitable. Grabowski and Vernon

(1994) report an average decline of a pioneering drug’s revenue of 30%, 21%, and

12% respectively in the first three years after generic entry. Generic versions of a

drug cost on average 40% less than the original pioneering drug at retail prices when

1 to 10 generic firms enter a market, and 60% less when more than 10 generic firms

sell copies of a given pioneering drug (CBO 1998, p.33). Overall, generic firms are

more likely to experience higher immediate competition than pioneering drug firms

because they cannot use entry barriers such as patents. For example, 12 generic

versions for Tagamet (a pioneering anti-ulcer drug marketed by Smithkline since

1977) were introduced between May 1994 and February 1997 after the patent on

Tagamet expired in May 1994. The hypothesis below is derived from the table with

partial derivatives in section 4.4.1.

Hypothesis 1: Generic firms have less abnormal profitability persistence ω than pi-

oneering firms. As a result of a lower ω, the valuation coefficient on ROE

(Λ1) in eq.(4.11) will be lower and the intercept (Λ0) will be higher for generic

firms compared to those valuation coefficients of pioneering drug firms, ceteris

paribus. Pioneering firms will have a higher valuation multiple on R&D (Λ2)

relative to generic firms, only if their growth rate of R&D investments exceeds

their cost of capital.



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 130

Rather than simply differentiating between generic and pioneering drug firms, the

next hypothesis focuses on another dimension of competitive structure, in particular

market share. Pioneering drugs often compete within the same therapeutic market

with other pioneering and generic drugs. Pioneering drug competition happens among

NDAs, where the first marketed drug is called breakthrough drug and the others

me-too drugs. Me-too drugs are new molecular entities (pioneering drugs) that are

similar, but not identical, in molecular structure and mechanism to the original or

breakthrough new molecular entities.13 At first glance, the overall pharmaceutical

industry does not appear to be highly concentrated, but when narrower therapeutic

markets are considered, concentration (or competition) widely varies. A firm’s market

share reflects the results of competitive forces. Market share is a measure for a firm’s

market power within a therapeutic market and is affected by quality differences,

patent positions (for pioneering firms), scale-related efficiencies (Allen and Hagin

1989), and price discrimination (through brand name loyalty). Higher market power

leads to higher persistence of economic profitability. Therefore, market share directly

affects the ω parameter in the valuation model.

Hypothesis 2: Firms with a large market share will have higher abnormal prof-

itability persistence ω than firms with small market shares. As a result, Λ1 in

eq.(4.11) will be higher and Λ0 will be lower for firms with higher market shares

compared to firms with lower market shares, ceteris paribus. The R&D valua-

tion multiple will only by higher for firms with larger market shares if the growth

rate of these firms is greater than their cost of capital, ceteris paribus.

The third hypothesis is related to the R&D process, in particular to elements

13Consider the example of Tagamet, a pioneering anti-ulcer drug that was introduced in 1977 by
Smithkline (therapeutic code 0874 in appendix F). Tagamet was the first drug to relieve ulcers by
blocking the histamine 2 (H2) receptors in the lining of the stomach from stimulating acid produc-
tion by the parietal cells. Such treatment is generally superior to antacids, which only neutralize
stomach acid. Seven years after Tagamet became available, Glaxo-Wellcome introduced Zantac,
which became the largest-selling drug in the world. Two additional H2 antagonists, Pepcid and
Axid, were marketed by Merck (1986) resp. Eli Lilly (1988). Four slightly different drugs using the
same therapeutic mechanism (blocking the H2 receptor) were all patentable, and the breakthrough
drug had only six years of market exclusivity before being challenged by a competitor (CBO 1998,
p.19).
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affecting λ. The coefficient on R&D intensity in eq.(4.11) might vary across pharma-

ceutical firms due to cross-sectional differences in λ, even though all firms could have

high degrees of R&D intensity. As explained before, an essential activity in the in-

dustry is the generation of R&D knowledge. The value of the knowledge investments

is reflected in the durability parameter λ. Firms that are more effective in generating

knowledge will have higher values for λ. As explained in section 4.2.2, an important

output measure of knowledge is a firm’s patent activity. More successful R&D should

be valued more by the capital market than less successful R&D. Patent intensity mea-

sures R&D success by relating patents to previous R&D investment. The hypothesis

below is derived from the table with partial derivatives in section 4.4.1.

Hypothesis 3: Firms with a higher number of patents per dollar invested in R&D

will have a higher economic durability of R&D capital (λ) and hence a higher

coefficient on scaled R&D (Λ2) in eq.(4.11) than firms with less patents per

dollar R&D, ceteris paribus.

Finally, the fourth hypothesis addresses growth in R&D expense, i.e. the g param-

eter. The growth parameter affects the three valuation coefficients in eq.(4.11). The

current level of ROE will have a higher valuation coefficient for high growth firms

compared to low growth firms. Lev et al. (1999) address the relation between R&D

growth and ROE in their table 3. Although they find that high R&D growth firms

tend to have high market-to-book ratios, they do not make specific predictions on the

ROE valuation coefficient as in this study. The g parameter also affects the R&D

intensity valuation coefficient (Λ2) in a non-linear way. The effect of growth on the

R&D valuation multiple is only positive if the following growth condition is satisfied:

G >
√

Rλ
ω
. I explain this condition in more detail in section 4.4.1 and appendix D.5.

Hypothesis 4: Firms with a higher growth rate in R&D expense (g) will have a

higher valuation coefficient on current ROE (Λ1) and on scaled R&D (Λ2), but

a lower intercept (Λ0), ceteris paribus. The prediction on the R&D multiple

only holds when the growth condition G >
√

Rλ
ω

is satisfied, and is reversed

otherwise.
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4.6 Variables.

I use two sets of variables in this study: the financial variables in the valuation model,

and the UNA proxies affecting the valuation coefficients on ROE and R&D inten-

sity. All the variables are measured at a firm level, where a firm is defined as the

set of a parent and its majority owned subsidiaries. I provide a more detailed discus-

sion on this issue in section 4.8.1. Appendix D.7 lists all variables used in this chapter.

The first set of variables is related to the financial variables in the valuation model

and are calculated from the Compustat database (see section 4.8). The dependent

variable is the market-to-book ratio, defined as the ratio of a firm’s market value at

the end of the fiscal year (data199 × data25) to its book value of equity (data60). The

return on equity (ROE) is defined as the ratio of current year income before extraor-

dinary items (data18) to the previous year book value of equity (data60). Similar to

Dechow, Hutton, and Sloan (1999), I eliminate extraordinary items from the numer-

ator of ROE because the nonrecurring components of net income are not persistent

over time. It is precisely the persistent (or recurring) components of ROE that affect

the valuation coefficient on ROE (Ohlson 1999). The last financial variable is R&D

intensity (data46 over data60).

In the second set of variables, I develop proxies for the parameters ω, λ and g in

eq.(4.11). The UNA proxies do not enter the regression model as simple linear con-

ditioning variables, as done in most of the previous literature on UNA. Rather, my

UNA proxies affect the coefficients on the intercept, ROE and R&D in the valuation

model. In particular, I consider four UNA variables.

The first variable relates to hypothesis 1. DFIRM is a dummy variable that

makes the distinction between generic and pioneering drug manufacturers. In section

4.2.1, I described the economic differences between the two types of firms. Often,
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pioneering drug firms also market ANDAs, or have subsidiaries that are generic pro-

ducers.14 I classify a firm i as “pioneering” if the majority of the drugs it sells in a

specific year t are pioneering drugs (NDAs):

DFIRMit =

{
1 if FIRMit =

#NDAit

#NDAit + #ANDAit
> 0.5 (pioneering)

0 if FIRMit =
#NDAit

#NDAit + #ANDAit
≤ 0.5 (generic)

(4.15)

That is, for each sample firm-year observation I calculate the total number of the

firm’s NDAs that are still on the market versus the number of ANDAs (i.e. generic

drugs). I cumulate the new drugs introduced in a particular year across all years in a

firm’s life to get a stock variable on the drug portfolio at each point in time. I subtract

the withdrawn or discontinued drugs from the drug portfolio. If the proportion of

NDAs in the drug portfolio is larger than the proportion of ANDAs, then I classify

the firm as a pioneer in that year. The DFIRM dummy variable is equal to one if

a firm is classified as a pioneering drug firm, and zero otherwise. By using counts of

drugs I assume that all drugs are of equal economic importance. Ideally, I would base

DFIRM on a breakdown of a firm’s total sales (or gross profits) into sales (gross

profits) from generic products and from pioneering drugs. However, this information

is not available to me. As a sensitivity test, I compare the company assignment by

DFIRM to the business description section in Moody’s Industrial Manual. Specifi-

cally, the assignment of each sample firm in appendix E corresponds with the business

description in the Moody’s Manual. The assignment does not differ from the one I use.

The second UNA proxy measures a firm’s overall average market share in its thera-

peutic markets. The previous UNA proxy only distinguished between pioneering and

generic firms as a competition measure affecting ω. The current variable incorporates

all sorts of competition within a therapeutic market. That is, between (pioneering)

breakthrough drugs, generic substitutes and me-too drugs. A firm’s market share

reflects the results of that competition. Ideally, I want to measure market share as a

14Although the same company rarely produces both a pioneering drug and its generic copy, some
generic manufacturers are subsidiaries of pioneering firms. Most generic subsidiaries do not produce
copies of their parent company’s drugs (CBO 1998, p.34).
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firm’s dollar amount of sales in a therapeutic market divided by the total sales of all

firms active in that market. Relating a firm’s total sales number to the total sales of

all sample firms does not correspond with the theoretical notion underlying market

share: a firm should be compared to its rivals in a particular therapeutic market.15 I

would need to have individual drug sales (a dollar amount) for the period 1975-1998

for all my sample firms and their subsidiaries. Individual drug sales data from IMS

Health (a large pharmaceutical data-collection firm) Drugstore and Hospital Audits

were used by Taylor (1999) and Scott Morton (1999) among others. However, it is

not feasible to obtain a comprehensive dataset with yearly sales figures for all the

drugs in my dataset. As an alternative, I define the average market share of firm i in

year t as follows:16

MSit =
1

Jit

Jit∑
j=1

(#NDAijt + #ANDAijt)∑Njt

i=1(#NDAijt + #ANDAijt)
, (4.16)

where #NDAijt (resp. #ANDAijt) is the stock of NDAs (ANDAs) of firm i in mar-

ket j in year t, Jit is the total number of therapeutic markets in which firm i is active

in year t, and Njt is the total number of firms active in market j in year t. The MS

proxy is an average of a firm’s market shares in a particular year across all therapeutic

markets in which it operates. The denominator in the above definition represents the

total number of drugs in the same therapeutic class, i.e. the population of drugs for

that particular class. Similar to Scott Morton (1999), I define therapeutic markets

15For example, Genentech is a focused pioneering drug firm that concentrates its R&D on human
growth hormone deficiencies (hGHD; code 1042 in appendix F). Genentech introduced its rDNA
engineered drug Nutropin in 1993, 14 years after its scientists first cloned the human growth hormone.
Genentech’s direct rivals and their drugs are: Tap Pharmaceuticals, a joint venture between Abbott
and Takeda (Lupron, 1985), Lilly (Humatrope, 1987), Pharmacia & Upjohn (Genotropin, 1987),
Bio-Technology General (Bio-Tropin, 1995), and Ares-Serono (Saizen, 1997). Genentech’s ability to
earn an abnormal profitability rate to sustain its persistence (ω) is directly related to the competitive
forces in the hGHD market, and not so much to the entire pharmaceutical industry.
16The definition assumes all drugs are of equal importance in terms of sales. Grabowski and

Vernon (1994) provide evidence of a highly skewed distribution of sales which exists for new drug
introductions. Peak sales of the top decile are several times that of the next ranked decile. Further-
more, mean sales are significantly greater than median sales. The distribution of individual drug
sales clearly reflects the blockbuster drug influence, i.e. only 10% of all NDAs have an average (after
tax) present value over their drug life cycle of 1 billion dollar. Seventy percent of the new drugs do
not exceed the average present value of their R&D costs (200 million dollar).
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based on the National Drug Code (NDC) classification provided by the FDA (see

appendix F for an overview of the 117 therapeutic markets). The same classification

scheme is used in Mosby’s GenRx, an influential medical reference used by physicians.

For drugs without a therapeutic class in the NDC list, I use the Merck Index to assign

a therapeutic class. One drug can be used for several illnesses and can therefore be

classified in more than one class. The NDC classification is very detailed, and drugs

within each category can be considered as competitors. This feature is desirable for

the purpose of this study. There are several ways to define therapeutic markets, usu-

ally at a more aggregate level. Egan et al. (1982) and Matraves (1999) provide a more

detailed discussion. As a result of the narrow market definitions, small firms could

have large values on MS if they have a dominant position in small niche markets.

Large firms, on the other hand, could have small MS values if they are only active in

very large therapeutic markets with many other competitors. Notice that MS is an

indicator of a firm’s market power, and therefore directly affects ω (see hypothesis 2):

firms with a dominant market position are able to sustain a high level of abnormal

economic profitability and therefore have high market-to-book ratios.

The third variable is related to the patent hypothesis (Hypothesis 3). Patent

intensity, PAT , is measured as the ratio of the number of patent applications at the

US Patent Office in a particular year to the three-year backward moving average R&D

investment:

PATit =
# Patent applications it

1
3

∑2
τ=0 RDit−τ

. (4.17)

That is, patents are the result of past research efforts (here the most recent three

years), and are therefore deflated by average R&D investments. Notice that the

numerator of PAT is a count variable, and the denominator is a dollar amount. This

type of deflation is common in the patent literature, for example Ben-Zion (1984)

deflates by book value of equity and Hall et al. (1999) deflate by total assets. I

use patent applications instead of patent grants in the numerator, since the patent

application date is a better indication of the time of innovation than the issuance
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date (Hall et al. 1999). The ratio is a measure of the innovation and R&D success

of a firm. Only eventually granted patents appear in the US patent database. A

patent truncation bias at the end of the sample period occurs due to the lag between

application and grant.17 That is, in the final sample years not all the grants for

patents applied for appear. Similar to Hall et al. (1999), I adjust the patent count

variable between 1993 and 1998 as follows:

# Patent applications adjit =
# Patent applications it∑98−t

τ=0 fiτ
93 < t < 98

where the numerator on the right hand side is the unadjusted number of patent ap-

plications of firm i in year t, and fiτ is the firm-specific average proportion of patent

applications granted τ years after the application year t. The denominator of the

adjustment formula represents the firm’s historical cumulative frequency of patents

granted τ years after application. Since the cumulative frequency is close to one for

τ = 6, the adjustment is only performed for the final six sample years (1993-1998).

For example, Merck has the following frequency fτ pattern: 7.97% for τ = 1 (i.e.,

the percentage of patent applications that are granted within the first year of ap-

plication), 59.14% for τ = 2, 23.56% for τ = 3, 6.39% for τ = 4, 1.6% for τ = 5,

and finally 0.47% for τ = 6. Thus, on average 99.13% of the patent applications are

granted within six years after application.

Malerba et al. (1997) give some caveats on the use of patent count data. First,

not all innovations are patented by firms. Secrecy, particularly in the case of process

innovations, is sometimes a more effective appropriation mechanism (Encaoua et al.

1998). However, in the pharmaceutical industry, most pioneering firms file their

patents early in the drug innovation process (around the time they file an IND to

17The median firm-specific application-grant lag in the sample varies between 16 and 41 months.
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FDA).18 Second, patents do not grant complete monopoly power in the pharmaceuti-

cal industry (CBO 1998). The reason is that firms can frequently discover and patent

several different drugs that use the same basic mechanism to treat an illness. That

is the case for me-too drugs (see above).19 Third, patents cannot be distinguished in

terms of relevance without specific analyses on patent renewals or patent citations.

Patents have an extremely skewed distribution of private patent values, meaning that

only a small fraction of patents has a high value (Hall et al. 1999). As a result, a

simple patent count is an extremely noisy measure of success of a firm’s R&D pro-

grams. I plan to construct other - hopefully more informative - patent variables, such

as forward-looking patent citation measures (see appendix C in Hall et al. (1999)),

patent persistence (Malerba et al. 1997), and technological patent concentration (i.e.,

a proxy for the scope of a firm’s innovative activities).

The fourth and last variable is related to the g parameter in hypothesis 4. I define

R&D growth, RDG, as the yearly growth in R&D expenses:

RDGit =
RDit

RDit−1
− 1 , (4.18)

where RDit is firm i’s R&D expense in year t. The RDG variable is a short-term

growth measure, and might not fully be consistent with the constant g assumption

in the valuation model. I therefore define an alternative (annualized) R&D growth

18In its 1997 annual report, Alza mentions the importance of patents: “Patent protection generally
has been important in the pharmaceutical industry. Alza believes that its current patents, and
patents that may be obtained in the future, are important to current and future operations....The
chemical compounds constituting the active ingredients of Ethyol and Elmiron are not covered by
patents. However, patents have been issued or are pending relating to significant developments in
uses and the formulation of Ethyol, and for certain uses of Elmiron. Alza anticipates that additional
patents may issue relating to these products; however, there can be no assurance that any such
patent coverage will be obtained.”
19For example, Alza mentions the following in its 1997 annual report: “Although a patent has a

statutory presumption of validity in the U.S., the issuance of a patent is not conclusive as to such
validity or as to the enforceable scope of the claims of the patent. There can be no assurance that
patents of Alza will not be successfully challenged in the future. In some cases, third parties have
initiated reexamination by the Patent and Trademark Office of patents issued to Alza, and have
opposed Alza patents in other jurisdictions. The validity and enforceability of Alza patents after
their issuance have also been challenged in litigation. If the outcome of such litigation is adverse
to Alza, third parties may then be able to use the invention covered by the patent, in some cases
without payment.”
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measure that spans a longer time window:

LTRDGit = 3

√
1
3

∑2
τ=0 RDit−τ

1
3

∑5
τ=3 RDit−τ

− 1 , (4.19)

where the numerator is the three year (moving) average of R&D investments in period

[t− 2, t], and the denominator is the average R&D investment in period [t− 5, t− 3].

The expression within the root is therefore a three year growth, and is annualized by

taking the proper root.

4.7 Econometric Analysis.

In this section, I present the empirical specification of the ROE-based valuation model

discussed in section 4.4.1. A first empirical specification for the valuation model in

eq.(4.11) is:

MTBt = α + βROEt + γRDBVt + εt (4.20)

where MTB is the market-to-book ratio, RDBV is the ratio of R&D to BV (or R&D

intensity), and ε is a stochastic disturbance assumed to be I.I.D. I could estimate the

above equation in different ways by making different assumptions on the variance-

covariance matrix of the disturbance term. A firm-specific estimation of the above

regression model suffers from inefficiency in the valuation parameters due to the short

time-series since there are only between 8 and 24 observations per firm available. To

make better use of the cross-sectional variation in the dataset, I pool the firm data

into one cross-section time series sample and study the effects of ω, λ and g on that

pooled sample (see below).

One characteristic of the pharmaceutical industry is the high frequency of neg-

ative earnings. In the final sample, 11.5% of the firm-year observations represent

accounting losses, and 22 out of 35 firms had at least one year with negative earnings.
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Hayn (1995), Collins et al. (1999), and Leibowitz (1999) report differences in val-

uation coefficients between positive and negative earnings. In particular, Leibowitz

(1999) suggests three reasons for differences between positive and negative ROEs

and their relation with the market-to-book ratio. First, negative earnings could re-

sult from conservative accounting, making the relation between market-to-book and

negative ROE significantly negative. Second, negative earnings as a result of neg-

ative transitory items that do not represent cash flows (e.g., changes in accounting

methods) make the relation between market-to-book and ROE negative. Finally,

negative earnings as a result of negative transitory items that do represent cash flows

(e.g., adverse litigation outcome) have no significant effect on the relation between

ROE and market-to-book. Similar to these studies, I differentiate between firms with

positive and negative earnings, and allow the intercept (α), ROE coefficient (β), and

RDBV coefficient (γ) to vary across positive and negative earnings firms through the

indicator variable DNEGt, which is equal to 1 if a firm has negative earnings in year

t, and 0 otherwise.

I study the effects of FIRM , MS, PAT and RDG (or, LTRDG) on the valuation

coefficients α, β and γ in eq.(4.20) by defining a dummy variable for each UNA proxy,

and allowing each valuation coefficient to vary with these dummies. That results in

25 = 32 possible values on the intercept, ROE and RDBV valuation coefficient, since

there are four different UNA dummy variables and the DNEG dummy :

MTBt = α0(1−DNEGt) +
∑4

i=1 αi+1DUMMYit × (1−DNEGt) (4.21)

+α5DNEGt +
∑4

i=1 αi+5DUMMYit ×DNEGt
+β0(1−DNEGt)×ROEt +

∑4
i=1 βi+1DUMMYit × (1−DNEGt)×ROEt

+β5DNEGt ×ROEt +
∑4

i=1 βi+5DUMMYit ×DNEGt ×ROEt
+γ0(1−DNEGt)×RDBVt +

∑4
i=1 γi+1DUMMYit × (1−DNEGt)×RDBVt

+γ5DNEGt ×RDBVt +
∑4

i=1 γi+5DUMMYit ×DNEGt ×RDBVt + εt ,

where DNEGt is the sign of earnings dummy variable, DUMMY1 (FIRM-dummy)

is equal to 1 if a firm is a pioneering drug manufacturer, and 0 otherwise, DUMMY2



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 140

(MS-dummy) is equal to 1 if a firm has a market share in the upper half of the sam-

ple, and 0 otherwise, DUMMY3 (PAT -dummy) is equal to 1 if a firm has a number

of patents per dollar of average past R&D that exceeds the median sample value,

and 0 otherwise, and DUMMY4 (RDG-based) is equal to 1 if a firm has a growth in

R&D that exceeds median sample growth, and 0 otherwise. DUMMYit indicates the

assignment of each firm to a high or low UNA group per year. One derives the valua-

tion coefficients for a specific firm by adding the estimated α’s (β and γ respectively)

multiplied by the values on DUMMYit and DNEGit that apply to that firm for year

t. For example, the coefficient on ROE for a pioneering drug manufacturing with

positive earnings, large market share, high relative patent output, and low growth

is: β0 + β1 + β2 + β3. The coefficient on ROE for a generic drug manufacturer with

an accounting loss, small market share, no patents and large growth is: β5 + β9. As

indicated earlier, there are 32 possible summing schemes.

The specification of regression equation (4.21) with the five dummy variables and

the interaction terms allows me to study the effect of each UNA proxy, discussed in

section 4.6, on the valuation coefficients while controlling for all UNA proxies simul-

taneously. The β0 to β4 coefficients are the ROE valuation coefficients for the positive

ROE firms, and the β5 to β9 coefficients are valuation coefficients on ROE for the

negative earnings firms. The effect of MS on the ROE coefficient after controlling for

sign of earnings, type of drug firm, patent success, and growth, is reflected in β2 (for

positive earnings firms) and β7 (for negative earnings firms). For example, a positive

β2 indicates an upward effect on the ROE valuation coefficient by having a larger

market share (see hypothesis 1). Based on the findings in earlier mentioned studies,

the various possible sums of the ROE β’s for negative earnings firms , i.e. sums

consisting of elements from {β5, β6, β7, β8, β9} , is expected to be close to zero or

negative. A sum close to zero is consistent with the abandonment option hypothesis

discussed by Hayn (1995), Burgstahler and Dichev (1997) and Barth et al. (1998).

A negative sum is consistent with the empirical findings of Burgstahler (1998) and

Leibowitz (1999).
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The empirical specification in eq.(4.21) also allows me to examine the difference

in R&D valuation between positive and negative earnings firms, and the effects of

the four UNA proxies on the R&D valuation coefficient. The γ coefficients of posi-

tive earnings firms (γ0 to γ4) only differ from the γ coefficients of negative earnings

firms if the former type of firm has different values on λ, ω, g and r than the latter.

For example, I refer to the above studies that found lower earnings persistence for

loss firms than for positive earnings firms. Lower earnings persistence reduces ω in

eq.(4.11) and therefore reduces (increases) the coefficient on RDBV if g < r (g > r),

ceteris paribus.

I estimate the 30 coefficients in equation (4.21) on a pooled time series - cross-

section dataset of pharmaceutical firms. I employ a multivariate outlier deletion

rule to eliminate the 1% most extreme observations on both tails of the DFFITS

distribution. The t-statistic on a coefficient indicates whether a UNA proxy (FIRM ,

MS, PAT or RDG) has a statistically significant effect on a valuation coefficient, i.e.

the intercept, ROE and RDBV coefficient respectively. I also estimate the following

four benchmark models on the pooled dataset:

Model 1 : MTBt = α+ βROEt + εt

Model 2 : MTBt = α+ βROEt + γRDBVt + εt

Model 3 : MTBt = α0(1−DNEGt) + α1DNEGt + β0(1−DNEGt)×ROEt
+β1DNEGt ×ROEt + εt

Model 4 : MTBt = α0(1−DNEGt) + α1DNEGt + β0(1−DNEGt)×ROEt
+β1DNEGt ×ROEt + γ0(1−DNEGt)×RDBVt
+γ1DNEGt ×RDBVt + εt

The first benchmark model simply specifies the market-to-book ratio as a linear func-

tion of ROE. The second model adds a separate term for R&D to the equation, and

is identical to eq.(4.20). The third benchmark model is similar to the first model, but

distinguishes between positive and negative earnings firms. I allow positive earnings

firms to have a different intercept and slope coefficient on ROE from the coefficients

of the negative earnings firms. Finally, the fourth benchmark is similar to the second

model, but allows the intercept, coefficient on ROE and RDBV to differ between
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positive and negative earnings firms. None of the benchmark models include any

UNA dummies as in eq.(4.21).

4.8 Sample and Descriptive Statistics.

4.8.1 Sample Selection.

The sample consists of firms primarily active in the “Pharmaceutical Preparation” in-

dustry (SIC 2834), i.e. firms controlled by the FDA. I do not include firms from other

pharmaceutical 4-digit industries: “Medicinal Chemicals And Botanical Products”

(SIC 2833), “In Vitro And In Vivo Diagnostic Substances” (SIC 2834), “Biological

Products, Except Diagnostic Substance” (SIC 2836), since these are not the typical

pioneering and generic drug firms. The first year in the sample is 1975 since account-

ing rules for R&D were modified in 1975. In particular, in 1974 FASB published

SFAS No.2 “Accounting for Research and Development Costs” to standardize and

simplify accounting practice by requiring all R&D costs be charged to expense when

incurred. Before SFAS No.2, the lack of explicit rules resulted in a broad range of dif-

ferent procedures being adopted for reporting purposes. Also, before 1975 some firms

that were extensively involved in R&D did not disclose specific data regarding their

R&D programs. R&D expenditures were often aggregated with other items on the

income statement. The firms that did specify the amount of R&D in their financial

statements, adopted one of the three following reporting alternatives. The majority

included R&D expenditures as a separate line item in the income statement. Some

included it in a footnote, while others reported it elsewhere in the unaudited sec-

tions of the financial statements (Dukes 1974, p.18-21). Similar to Leibowitz (1999),

I eliminate firm-year observations with negative book values of equity (4.6% of the

original sample), since ROE for these firm-years cannot be interpreted in economic

terms : firms with losses and negative BV have a positive ROE. The final sample

consists of 35 firms, listed in appendix E, and 620 firm-year observations.

The firm-year observations on MTB, ROE and RDBV are matched with the
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UNA proxies described in section 4.6. I use Moody’s 1998 Industrial Manual, OTC

Unlisted Manual, OTC Industrial Manual, Bioscan (Febr 1999), and Securities Data

Company’s Platinum M&A 1999 database to determine a sample firm’s subsidiaries,

ownership and acquisition date. The Moody’s manual reports company name changes,

important information for later name matches. I finally track the parent and sub-

sidiary names in the FDA and patent databases.

The computation of the FIRM and MS variables is based on data provided by

FDA. In particular, the Freedom of Information (FOI) Office of FDA provides com-

prehensive data on drugs approved by the FDA, such as tradename, generic name,

firm, FDA approval date, and withdrawal date. However, the FOI CDROM has no

information on therapeutic class. I collect therapeutic class information from FDA’s

National Drug Code (NDC) list, available at the FDA website. I match the FOI

data with the therapeutic class based on tradename, generic name, firm and approval

date. I use the Merck Index to assign a therapeutic class to drugs that could not be

matched with the NDC list. I provide a list of therapeutic classes in appendix F. The

final (merged) dataset contains 9,254 drugs approved between 1950 and 1998. That

number includes all approved drugs, not only the number of drug approvals for the

sample firms and their subsidiaries (3,168 drugs).

For the computation of PAT , I use information from the U.S. Patents database of

Community of Science, a comprehensive bibliographic patent database that contains

more than 1.7 million patents issued since 1975 (the first sample year). I search

the database on parent and subsidiary name. I aggregate the patent application

information at a firm-year level by adding all patents of a parent and its wholly

owned subsidiaries in each year. The final patent dataset contains 41,834 patents for

the 35 sample firms.
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Table 4.2:

Descriptive statistics for the pooled samplea

Variableb nobs Mean P5 Q1 Median Q3 P95

MTB 620 4.161 1.206 2.310 3.600 5.635 8.956
ROE 615 0.159 −0.378 0.102 0.198 0.289 0.499
RDBV 608 0.149 0.039 0.078 0.117 0.184 0.356
FIRM 617 0.574 0.008 0.118 0.667 0.925 1.000
MS 583 0.061 0.018 0.035 0.052 0.080 0.136
PAT 536 0.568 0.000 0.078 0.250 0.618 2.458
RDG 600 0.295 −0.190 0.083 0.155 0.288 0.963
LTRDG 578 0.203 −0.058 0.116 0.163 0.269 0.580
BV G 616 0.285 −0.244 0.040 0.135 0.260 0.976

a The table provides summary statistics on the distribution of the key variables
in the paper. The summary statistics are: nobs (number of sample observations),
Mean (sample average), P5 (5th percentile), Q1 (1st quartile), Median (sample
median), Q3 (3rd quartile), and P95 (95th percentile). The sample period covers
1975-1998.
b The variables are: MTB (market-to-book ratio), ROE (book return on equity),
RDBV (the ratio of R&D to book value of equity), FIRM (proportion of NDAs
in drug portfolio as defined in (4.15)), MS (market share as defined in (4.16)),
PAT (number of patents to 3 year average R&D as defined in (4.17)), RDG (yearly
growth rate of R&D investments as defined in (4.18)), LTRDG (annualized 3-year
growth rate of R&D investments as defined in (4.19)), and BV G (yearly growth
rate of book value of equity, defined similar to RDG).

4.8.2 Descriptive Statistics.

4.8.2.1 Descriptive Statistics for the Pooled Sample.

Table 4.2 presents distributional features of the key Compustat variables in the study

for the pooled sample: MTB (market-to-book), ROE (reported return on equity),

RDBV (R&D to book value of equity ratio), RDG (shortterm growth in R&D),

LTRDG (longterm growth in R&D), and BV G (yearly growth in book value of eq-

uity). The distribution of ROE is skewed to the left, since mean ROE is 4% lower

than median ROE. The median market-to-book ratio is 3.6, much larger than the

overall median ratio of 1.13 for all Compustat firms (Beaver and Ryan 2000). The
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distribution of MTB is skewed to the right. The median ratio of yearly R&D in-

vestments to book value is 11.7% with an interquartile range of 10.6%. Often in the

literature on pharmaceuticals, advertisement is considered as an important intangible

(Matraves 1999). For the current sample, the median ratio of advertisement expenses

to book value of equity is 6% with an interquartile range of 9.4%. Thus, the magni-

tude of advertisement expenses is almost half that of R&D, with a larger variance.

The majority of firms in the sample are pioneering firms, so median FIRM is

larger than 0.5. Median market share is 5.2% with an interquartile range of 6.2%.

Patents (PAT ) are expressed in units of million dollars of R&D. Ninety percent of

the observations are between 0 and 2.5 patents per million dollar spent on R&D, with

a median of 0.25 patents. The shortterm R&D growth measure, RDG, is much more

volatile than the longterm measure, LTRDG. For example, the interquartile range of

RDG is 20.5%, compared to 15.3% for LTRDG. This finding is not surprising, given

that LTRDG is based on three year averages. By inspecting the difference between

means and medians, the distribution of RDG is much more affected by extreme val-

ues than the distribution of LTRDG. Finally, the distribution of the growth rate of

reported book value of equity, BV G, is very similar to the distribution of shortterm

growth in R&D, RDG. That finding supports the assumption in the valuation model

and ROE prediction model that k = g (see appendix D.3 for details).

4.8.2.2 Descriptive Statistics by UNA Class.

Table 4.3 contains medians of key variables computed by UNA class. That is, I group

the sample firms into two subsamples based on FIRM , MS, PAT and RDG respec-

tively. The median per UNA group together with the difference between the group

medians are reported on the first line. On the second line, the interquartile range

(Q3-Q1) per UNA group is reported between square brackets, and the Wilcoxon Z-

score to test the significance of the difference in medians is shown between round

brackets. The Wilcoxon Z-score is normally distributed.



C
H
A
P
T
E
R
4.
T
H
E
P
H
A
R
M
A
C
E
U
T
IC
A
L
IN
D
U
S
T
R
Y

146
Table 4.3:

Descriptive statistics by UNA class a

UNA classes
FIRM MS PAT RDG

Variableb generic pioneer diff low high diff low high diff low high diff

MTB 3.287 3.835 0.549 3.106 3.778 0.672 3.677 3.714 0.036 3.640 3.635 -0.005
[3.341] [3.948] (3.50) [3.875] [3.122] (3.72) [3.512] [3.688] (0.41) [3.484] [3.543] (-0.11)

ROE 0.164 0.213 0.049 0.163 0.238 0.074 0.210 0.202 -0.008 0.209 0.193 -0.016
[0.217] [0.177] (3.67) [0.217] [0.174] (7.41) [0.188] [0.192] (-0.28) [0.190] [0.212] (0.74)

RDBV 0.089 0.146 0.057 0.092 0.158 0.065 0.129 0.126 -0.003 0.132 0.117 -0.015
[0.087] [0.116] (8.09) [0.091] [0.107] (8.19) [0.133] [0.110] (-0.36) [0.128] [0.105] (-1.33)

FIRM 0.079 0.848 0.769 0.200 0.748 0.548 0.752 0.694 -0.058 0.697 0.609 -0.088
[0.173] [0.304] (21.39) [0.667] [0.341] (10.21) [0.483] [0.474] (-0.89) [0.492] [0.838] (-1.13)

MS 0.035 0.069 0.033 0.034 0.076 0.042 0.052 0.056 0.004 0.059 0.045 -0.014
[0.018] [0.054] (14.18) [0.017] [0.052] (18.91) [0.049 ] [0.044] (-1.29) [0.043] [0.042] (-3.47)

PAT 0.209 0.253 0.044 0.155 0.265 0.110 0.070 0.529 0.459 0.246 0.241 -0.005
[0.545] [0.536] (3.28) [0.575] [0.415] (5.40) [0.193] [0.897] (16.61) [0.488] [0.611] (0.17)

RDG 0.202 0.144 -0.058 0.172 0.142 -0.030 0.146 0.155 0.008 0.081 0.283 0.202
[0.490] [0.130] (-2.89) [0.325] [0.121] (-2.08) [0.194] [0.163] (1.09) [0.137] [0.394] (20.33)

a The table provides descriptive statistics on key variables computed by UNA class. That is, I group the total number of sample
firms into two subsamples based on FIRM , MS, PAT and RDG respectively. The median per UNA group together with the
difference between the group medians are reported on the first line. The boldface numbers indicate the median values on the
grouping variable. On the second line, the interquartile range (Q3-Q1) per UNA group is reported between square brackets, and
the Wilcoxon Z-score to test the significance of the difference in medians between the high and low UNA group is shown between
round brackets.
b See table 4.2 for the variable definitions.
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The firms classified as generic drug manufacturers have a median proportion of

7.9% of pioneering drugs in their drug portfolio, whereas the pioneering firms have a

median of 84.8% of pioneering drugs in their portfolio. Generic firms (FIRM � 0.5)

represent 36% of the total sample. Low MS firms have a median of 3.4% market

share versus 7.6% in the high MS group. The patent output variable (PAT ) shows a

median of 7 patents per 100 million R&D in the low PAT group versus 53 patents in

the high PAT group. Finally, low growth firms have a median growth of 8.1% versus

28.3% for the high growth firms. All differences on the above UNA class variables

are highly statistically significant with a Wilcoxon Z-score varying between 16.7 and

21.4. Next, I discuss table 4.3 sequentially by each of the variables in the first column.

The market-to-book ratio is clearly different between generic and pioneering drug

manufacturers, as expected: 3.29 for the former and 3.84 for the latter. Market share

is also a good UNA proxy to differentiate between low and high market-to-book ra-

tios. The low MS group has a market-to-book ratio of 3.11 compared to a 3.78 value

for the high MS group. Both PAT and RDG are not able to discriminate between

market-to-book ratios, since the difference in median MTB between the high and

low PAT and RDG group are not statistically significant. The fact that low RDG

and high RDG firms have almost identical market-to-book ratios is rather surpris-

ing. One explanation for the low association between R&D growth and MTB is that

historical growth is a bad proxy for future growth opportunities, which are reflected

in the market-to-book ratio. Another explanation is that the degree of bias in BV

varies between the two growth portfolios, and thus differentially affects the denom-

inator of the MTB ratio. The bias explanation is based on eq.(4.4): reported BV

is less understated for high growth firms than for low growth firms. The high MTB

ratio for the low-growth portfolio might be the result of an understatement of BV

due to the R&D bias, whereas the high MTB ratio for the high growth portfolio is

the existence of future growth opportunities (since the R&D bias in BV is inversely

related with growth).

As expected, both ω proxies, FIRM and MS, are good discriminators for ROE.



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 148

In particular, low values on FIRM and MS correspond with lower values on ROE.

Notice that even the median level of ROE in the generic group and low MS group

is still high, i.e. 16.4%. The higher ROE level for pioneering drug firms compared

to that of generic firms, is consistent with their higher market-to-book ratios. That

could indicate either that pioneering firms are more profitable in an economic sense,

or that the R&D bias in ROE is larger for pioneering firms. Since I expect eco-

nomic depreciation of R&D capital (1 − λ) to be lower for pioneering drug firms

than for generic firms (pioneering firms can profit more and longer from the results of

their investments in R&D capital resulting from patent positions, superior knowledge,

etc.), the latter explanation is highly plausible. Table 4.3 indeed shows a significantly

higher PAT value for pioneering firms compared to the value for generic firms. Also,

I show in eq.(4.6) that the sign and magnitude of R&D bias in ROE depends on

the difference between R&D growth and reported ROE. RDG is 14.4% for pioneers

versus 20.2% for generics (see below for a discussion), and the reported ROE level is

21.3% for pioneers versus 16.3% for generics, indicating an upward bias in ROE for

pioneering firms, and downward bias in ROE for generic firms, i.e., ROE reported

by generic firms is lower than it would be under R&D capitalization. The observation

on the bias effect for the pioneering firms is consistent with claims by Taylor (1999)

and PhRMA (1999) that accounting profitability measures for pioneering drug firms

are upward biased. Finally, the level of ROE is almost identical in the low and high

PAT and RDG groups.

R&D intensity is reflected in the RDBV variable. Pioneering drug firms have a

median RDBV of 0.146 compared to 0.089 for generic firms. That is consistent with

relatively higher R&D investments undertaken by pioneering firms in their long drug

development process. Since firms with smaller market shares are typically generic

firms, low MS firms also have lower RDBV values compared to high MS firms. Fi-

nally, median R&D intensity is not different between high and low PAT and RDG

groups.
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Pioneering drug firms typically have high market shares, and generic firms typ-

ically have small market shares, indicating MS and FIRM are highly positively

correlated. Proof of the high positive correlation is shown in the MS column of table

4.3: there is a significantly different value in FIRM between the low MS and the

high MS groups (0.20 versus 0.75).

The patent output per million dollar invested in R&D is indicated by PAT . The

patent variable is an empirical measure for λ in eq.(4.11). Since patents are key to

pioneering drug firms to protect their developed drugs from competitors for a number

of years, it is not surprising that pioneering firms have a significantly higher value on

PAT than generic firms: 0.25 versus 0.20. Generic firms mainly have process patents,

while pioneering firms have product patents. High MS firms also have significantly

higher patent output than low MS firms: 0.27 versus 0.16 patents per million R&D.

That is not surprising given the high correlation between FIRM and MS.

Finally, annual growth in R&D investments is reflected in RDG. As indicated

above, pioneering firms have a significantly smaller growth in R&D investments than

generic firms: RDG for pioneers is 14.4% versus 20.2% for generics. The high R&D

growth rate of generic manufacturers is mainly attributed to the 1984 Hatch-Waxman

Act that promoted the supply of generic drugs. At the same time of the Hatch-

Waxman Act, changes in the demand for drugs - brought on by newer forms of health

care delivery and financing - have influenced both the frequency with which generic

and pioneering drugs are prescribed and the prices paid for them. I refer to chapter

2 of the Congressional Budget Office study on competition in the pharmaceutical in-

dustry for more details (CBO 1998). Not surprisingly, firms with lower market shares

(typically generic firms) have a higher growth in R&D than firms with higher market

shares: RDG is 17.2% for low MS firms versus 14.2% for high MS firms.
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Table 4.4:

Correlation matrix for the pooled samplea b

MTB ROE RDBV FIRM MS PAT RDG LTRDG

MTB 1 0.175 0.331∗∗∗ 0.177 0.092 0.147 0.016 0.039
ROE 0.420∗∗ 1 −0.130 −0.012 0.177 −0.039 0.217 0.065

RDBV 0.301∗∗∗ 0.045 1 0.248∗∗ 0.165∗ −0.060 −0.008 0.068
FIRM 0.208∗ −0.010 0.286∗∗∗ 1 0.500∗∗∗ 0.143 −0.091 −0.134

MS 0.159 0.304∗ 0.284∗∗ 0.461∗∗∗ 1 0.009 −0.070 −0.026
PAT 0.096 0.026 −0.078 0.019 0.145 1 −0.023 0.034
RDG 0.033 0.080 −0.017 −0.061 −0.084 −0.016 1 0.243

LTRDG −0.011 −0.016 0.036 −0.152 −0.052 −0.036 0.299∗ 1

a The table provides Pearson (upper triangle) and Spearman (lower triangle) cross-sectional correlation coefficients among the
key variables in the paper. The correlations are averages of yearly cross-sectional correlations over the sample period 1975-1998.
b The variables in the table are: MTB (market-to-book ratio), ROE (book return on equity), RDBV (ratio of R&D to book
value of equity), FIRM (proportion of NDAs in drug portfolio as defined in (4.15)), MS (market share as defined in (4.16)),
PAT (number of patents to 3 year average R&D as defined in (4.17)), RDG (yearly growth rate in R&D as defined in (4.18)),
and finally, LTRDG (annualized 3-year growth rate of R&D as defined in (4.19)).
c The asterisks represent the significance of a correlation coefficient. The significance level is calculated by counting the number
of yearly correlations that have opposite signs than the majority of correlations. Three asterisks indicate that there are less than
5% yearly correlations with opposite signs. Two (one) asterisk(s) indicate there are between 5% (10%) and 10% (15%) yearly
correlations with opposite signs.
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4.8.2.3 Correlation Analysis.

Table 4.4 presents descriptives on the bivariate correlation structure of the key vari-

ables.20 Assuming no spurious correlation due to the common deflator (BV ), market-

to-book ratios are highly correlated with ROE (42% Spearman corr.) and RDBV

(30%). In other words, both ROE and RDBV are highly value-relevant. From the 4

UNA measures, only FIRM and MS are correlated with MTB, ROE and RDBV .

The high positive correlations between FIRM and RDBV , and between MS and

RDBV confirm the findings in table 4.3. That is, pioneering firms are more research

intensive and have larger market shares than generic firms.

Among the UNA variables, MS is significantly positively correlated with FIRM .

The pioneering sample firms are well-established, traditional pharmaceutical firms,

whereas the generic sample firms are usually younger firms with smaller market shares.

The high correlation between FIRM and MS strengthens the approach I take to

formulate hypotheses 1 and 2. That is, both hypotheses focus on the effect of the

competitive structure on ω. I use FIRM and MS as proxies for the competitive

structure, and therefore assume their main effect is on the ω parameter in the valu-

ation model, and not on g, r or λ. RDG is significantly related with LTRDG (both

are different proxies for R&D growth). PAT is weakly positively associated with

MS and FIRM , since patenting firms are usually pioneering drug firms with larger

market shares. Consistent with Scott Morton (1999), FIRM is negatively related

with growth in R&D: the Hatch-Waxman Act of 1984 made it easier for generic firms

to introduce their generic substitutes to the market place, and therefore resulted in

faster growing R&D investments for generic firms. Since generic firms typically have

smaller market shares, MS is negatively associated with R&D growth.

20Siegel and Castellan (1988) note that the efficiency of the Spearman rank-order correlation
coefficient is about 91% when compared to the Pearson correlation coefficient in a sample with
100 cases. That is, when Spearman correlation is used with a sample to test for the existence of
association in a population for which the assumptions and requirements underlying the Pearson
correlation are met (i.e., the population has a bivariate normal distribution), then Spearman is 91%
as efficient as Pearson in rejecting the null hypothesis.
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4.9 Empirical Findings.

4.9.1 Valuation Results.

This section discusses the the empirical findings on the valuation equation (4.21). In

section 4.9.1.1, I report the estimation results. In the next section, I report the esti-

mation results on the R&D capital durability parameter, λ. Finally, section 4.6 shows

the valuation estimation results for the undeflated model as a model sensitivity check.

4.9.1.1 Model Estimation Results.

This section discusses the estimation results of valuation equation (4.21). I also re-

port and discuss the estimation of the four benchmark regressions from page 141. All

models are estimated on the pooled cross-sectional time series dataset. The second

to fifth column in table 4.5 contains the benchmark estimation results, while the last

column in the table contains the results for the key valuation model.

The first benchmark regression (model 1) with ROE as the only explanatory vari-

able in the valuation equation has very little explanatory power : the adjusted R2 is

0.1%. Once scaled R&D is added to the valuation model, the R2 increases from 0.1%

in model 1 to 49% in model 2. The dramatic increase in R2 and the significance of

the RDBV coefficient is evidence that λ is not zero, i.e., economic durability of R&D

capital. In section 4.4.1, I considered 4 special cases. Restricting λ to zero and letting

ω and g to be different from zero, results in case 1. That is, the market-to-book value

is solely explained by the cost-of-capital and reported ROE. Finding a significant

coefficient on ROE indicates that ω is not zero, and thus ROE should be included

in the valuation model. However, a significant coefficient on RDBV supports a val-

uation specification with a non-zero λ, and thus a model that includes RDBV . The

case 2 valuation model is therefore more descriptive for the pharmaceutical industry

than case 1. Lev and Sougiannis (1999), among others, also find significant valuation

multiples on R&D expenses for R&D intensive firms. However, in the rest of this



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 153

Table 4.5:

Estimation results for the ROE-based valuation model a

Model 1 Model 2 Model 3 Model 4 Model 5
Effectb NI > 0 NI < 0 NI > 0 NI < 0 NI > 0 NI < 0

Intercept 4.67 1.62 2.77 3.66 0.18 2.69 2.52 0.97
(23.94) (9.70) (11.54) (7.06) (0.83) (6.03) (4.41) (1.16)

DUMMY1 (FIRM) − −1.72 4.70
(−2.70) (3.59)

DUMMY2 (MS) − −1.63 −4.71
(−2.66) −2.40)

DUMMY3 (PAT ) 0 −1.13 1.35
(−2.26) (1.21)

DUMMY4 (RDG) − −1.06 0.17
(−2.10) (0.14)

ROE 1.01 1.93 7.66 −5.62 7.34 −0.04 0.59 −1.07
(1.88) (7.24) (11.53) (−5.85) (11.02) (−0.11) (0.37) (−0.77)

DUMMY1 (FIRM) + 9.13 1.90
(3.88) (0.59)

DUMMY2 (MS) + 3.70 −4.88
(1.53) (−1.35)

DUMMY3 (PAT ) 0 0.78 0.58
(0.47) (0.21)

DUMMY4 (RDG) + 3.89 −2.08
(2.50) (−0.59)

RDBV 16.94 17.51 7.53 17.73 3.26
(22.94) (23.14) (5.00) (4.89) (8.89)

DUMMY1 (FIRM) − −4.78 −12.46
(−1.29) (−3.00)

DUMMY2 (MS) − −2.69 11.40
(−0.76) (1.47)

DUMMY3 (PAT ) + 10.05 −2.07
(4.29) (−0.52)

DUMMY4 (RDG) ? 0.79 −4.29
(0.33) (−0.79)

adjusted R2 0.1% 49% 21% 56% 66%
# observations 603 591 603 591 527

a The ROE regression equations are estimated with OLS on the pooled sample, deleting the 1%
most extreme observations at each side of the DFFIT distribution. The sample period covers
1975-1998. The dependent variable in all regressions is the market-to-book ratio (MTB). The
independent variables are indicated in the first column “effect”. Models 1 to 4 are benchmark
models (see page 141), while model 5 is the key valuation model in this study, i.e. eq.(4.21) on
page 139.
b DUMMYi indicates a 0-1 variable and is based on one of the four UNA proxies: FIRM ,
MS, PAT and g. DUMMY1 (based on FIRM) is equal to 1 if a firm is a pioneering drug
manufacturer, and 0 otherwise; DUMMY2 (based on MS) is equal to 1 if a firm has a market
share in the upper half of the sample (above the sample median), and 0 otherwise; DUMMY3
(based on PAT ) is equal to 1 if a firm has a number of patents per dollar of past R&D that
exceeds the median sample number, and 0 otherwise; and DUMMY4 (based on RDG) is equal
to 1 if a firm has a growth in R&D that exceeds median sample growth, and 0 otherwise. The
effect of the four dummy variables on the valuation multiples is indicated by the + or − sign.
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section, I extend previous studies by explaining cross-sectional differences in the val-

uation multiples on R&D and ROE.

Similar to model 1, the third benchmark model (model 3) only has ROE as ex-

planatory variable, but allows a different intercept and slope between positive and

negative earnings firms. Consistent with the findings of Leibowitz (1999) among

others (see section 4.7), the ROE valuation coefficient is significantly positive for

positive earnings firms, and significantly negative for negative earnings firms. The

significantly negative ROE coefficient for negative earnings firms contradicts the pre-

dictions in the option-style valuation model of Burgstahler and Dichev (1997): the

coefficient on negative ROE should be small and insignificant, consistent with the

adaptation value hypothesis. However, if losses are generated by conservative ac-

counting, such as R&D accounting, and if they do not reflect economic losses, then

the market can indeed place a significantly negative valuation multiple on negative

ROE (Leibowitz 1999).

The fourth benchmark model adds RDBV to model 3 and also distinguishes be-

tween positive and negative earnings firms. Interestingly, the slope coefficient on

ROE is almost zero, which is completely consistent with the abandonment option

hypothesis. In contrast with model 3, model 4 controls for accounting conservatism

by having R&D as a separate term in the equation. The R&D coefficient is signif-

icantly positive for both negative and positive earnings firms, although much lower

for negative earnings firms (7.53 versus 17.51 for positive earnings firms). The lower

RDBV coefficient for negative earnings firms is most likely related to the difference in

abnormal profitability peristence between positive and negative earnings firms. Prior

literature and the results in section 4.9.2 show that negative earnings firms have much

lower abnormal profitability persistence (ω) than positive earnings firms. In section

4.4.1, I demonstrate that the partial derivative of the R&D valuation multiple with

respect to ω is positive when g > r. Thus, lower ω values imply lower R&D valuation

multiples. Finally, the change in explanatory power by adding RDBV to model 3

is again enormous: the adjusted R2 increases from 21% in model 3 to 56% in model 4.
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The results for the key valuation model in this study are reported in the last

column (“model 5”) of table 4.5. Overall, the explanatory power of the model that

includes the UNA dummies is higher than that of the benchmark models: adjusted

R2 is 66% compared to 56% of model 4. I discuss the effects of each of the four UNA

proxies separately.

First, I focus on the effect of abnormal profitability persistence (ω) on the valu-

ation coefficients. Both FIRM and MS measure ω, and they affect the valuation

coefficients through DUMMY1 and DUMMY2 respectively. Since both measures are

highly correlated, I discuss their joint effect on equation (4.21). Both hypothesis 1

and 2 are strongly supported by the regression results. As expected, pioneering drug

firms with large market shares have a significantly lower intercept (both coefficients

on DUMMY1 and DUMMY2 are significantly negative) and higher coefficient on

ROE. That is a result of pioneering firms having more persistent abnormal prof-

itability (see also section 4.9.2) than generic firms, since the latter experience more

immediate competition when they introduce a drug (see section 4.2.1 for details).

However, for the negative earnings firms (i.e., NI < 0) that represent 11% of the

sample, both MS and FIRM effects on the intercept and ROE coefficient compen-

sate each other, resulting in a zero effect on the two valuation coefficients. The effects

of FIRM and MS on the R&D valuation coefficient depend on whether growth in

R&D investments exceeds the cost of capital, i.e. g > r. The annual R&D growth

rate for pioneering firms is 14.4% (see table 4.3) and cost of capital estimates for these

firms are reported by Taylor (1999) to vary between 15.6 (American Home Products)

and 19.07 (Syntex) with an average of 16.7 in the period 1975-1991.21 That would

indicate that g < r for pioneering firms and, as a consequence, both FIRM and MS

are expected to have a negative effect on RDBV . Table 4.5 shows indeed a negative

effect of FIRM and MS on the R&D valuation multiple. FIRM and MS jointly

do not effect the R&D valuation multiple for the negative earnings firm-years, which

21Ibbotson’s Cost of Capital Quarterly 1999 Yearbook reports a median CAPM cost of capital of
15.5 for SIC 2834, with an interquartile range of [Q1,Q3]=[12.2,18.9]. When the small size premium
is added to the CAPM estimate, the median becomes 17.6 and [Q1,Q3]=[13.5,20.8].
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might indicate that g ≈ r for these firm-years.

Second, I discuss the effect of PAT on the R&D valuation coefficient. The re-

gression results strongly support hypothesis 3 that predicts a positive effect of patent

success on the R&D valuation multiple. The coefficient on DUMMY3 is highly sig-

nificant in the predicted direction. That is, firms with relatively more patents per

dollar invested in R&D have a significantly higher valuation multiple on R&D. That

is an important finding in this study. Depending on the rate of success of the R&D

investments, firms will have higher or lower valuation multiples on R&D, after con-

trolling for competition (ω) and growth (g) effects. Thus, in addition to model 2

and model 4 in table 4.5 that include a separate R&D term, model 5 allows me to

distinguish between the R&D multiples of firms with different rates of R&D success.

There is no significant effect of PAT on the R&D coefficient of negative earnings firms.

Third, the effect of growth in R&D investments on the valuation coefficients in

equation (4.21) is reflected in the coefficients on DUMMY4. As predicted by hy-

pothesis 4, RDG negatively affects the intercept and positively affects the coefficient

on ROE in a statistically significant way. That is, high growth firms have a higher

valuation multiple on the current level of ROE. Finally, the effect of growth on

the R&D valuation multiple is predicted to be positive if the R&D growth rate is

larger than
√

Rλ
ω
, and negative otherwise. I refer to section 4.4.1 for more details.

Table 4.5 shows a coefficient on DUMMY4 (i.e., effect of RDG) for R&D that is not

significantly different from zero. The effect is slightly positive for positive earnings

firms, and negative for negative earnings firms. Prior literature (e.g., Hayn (1995))

documents lower persistence of losses compared to profits, i.e. ωNI<0 < ωNI>0. As a

result of a lower ω, loss firms are expected to have a much higher pivot point
√

Rλ
ω

than profit firms. For example, loss firms with r = 0.18, λ = 0.7 and ω = 0.1

have
√

Rλ
ω

= 2.87, whereas profit firms with r = 1.16, λ = 0.8 and ω = 0.7 have√
Rλ
ω

= 1.15. Unreported analysis shows that the observed growth rate of loss firms

is 0.19 compared to 0.15 for profit firms. Taking the above pivot points, the observed

growth rate of 0.15 is exactly equal to the growth condition, whereas the observed
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growth rate of 0.19 is much below the pivot value of 2.87. The effect of growth

on the valuation multiple of R&D is therefore predicted and found to be negative.

The fact that the coefficient of -4.29 for the loss firms is not statistically significant

is probably related to the high variance in annual growth for the sample loss firms

([Q1,Q3]=[0.01,0.42] compared to [0.12,0.18] for profit firms).

Next, I illustrate the valuation specification for four different types of companies:

(1) pioneering drug firms with a large market share, high patent output, low growth,

and positive earnings, (2) generic drug firms with a small market share, low patent

output, high growth, and positive earnings, (3) same as case 1 but with negative

earnings, and (4) same as case 2 but with negative earnings. The following regres-

sions are obtained by multiplying the DUMMYi value with the estimated respective

coefficients reported in table 4.5 (model 5):

1) pioneer (NI > 0) : MTBt = −1.96 + 14.2 ROEt + 20.31 RDBVt

2) generic (NI > 0) : MTBt = 1.46 + 4.48 ROEt + 18.52 RDBVt

3) pioneer (NI < 0) : MTBt = 2.31 − 3.47 ROEt + 0.13 RDBVt

4) generic (NI < 0) : MTBt = 1.14 − 3.15 ROEt − 1.03 RDBVt

For example, the intercept value of -1.96 for the pioneering drug firms with pos-

itive earnings is calculated from table 4.5 as 2.52 − 1.72 − 1.63 − 1.13 = −1.96.
The intercept value of 1.46 for the generic firms with positive earnings is calculated

as 2.52 − 1.06 = 1.46. Pioneering drug manufacturers with positive earnings have

a much higher ROE valuation multiple than generic firms due to higher abnormal

profitability persistence: the ROE coefficient is 14.2 for pioneers versus 4.48 for gener-

ics. The slightly higher R&D valuation multiple for pioneering firms is a result of a

higher λ for these firms, measured by PAT (see table 4.3). The λ effect dominates

the ω effect (measured by FIRM and MS) on the R&D multiple: the coefficient on

DUMMY3 is 10.05 versus the sum of the coefficients of DUMMY1 and DUMMY2

of -7.47. The coefficient on ROE becomes slightly negative for loss firms: -3.47 for

pioneers and -3.15 for generics. The abandonment option hypothesis would predict a

coefficient close to zero on ROE. The negative valuation coefficient might be caused
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by conservative accounting methods used by negative earnings firms, that are not

captured by the R&D term. Examples of such conservative accounting methods are

he immediate write-off of purchased R&D (i.e., a negative special item in the year of

the write-off), and accelerated depreciation of fixed assets. Again, I emphasize that

the loss firm-year observations only represent 11% of the total sample. The R&D

multiple is almost zero for both types of firms when they incur accounting losses.

To summarize, all four valuation hypotheses are strongly supported by the regres-

sion results. Not only do I find that R&D should be included as a separate term in the

valuation model for research intensive firms, but the regression specification in equa-

tion (4.21) allows me to examine the effects of competitive structure, R&D success

and growth in R&D investments on the valuation multiples of ROE and scaled R&D.

Loss firms, representing 11% of the sample, have much lower valuation multiples on

ROE and R&D than profit firms, indicating a smaller value relevance of ROE and

R&D for negative earnings firms.

4.9.1.2 Estimation of R&D Capital Durability.

In this section, I report the estimation of the economic durability of R&D capital for

the pioneering and generic sample firms I use formula (4.12) to compute λ from the

valuation equation (4.11). Lev and Sougiannis (1996) report an average depreciation

rate (1−λ) of 0.11 for pioneering drug firms over the period 1975-91. Hirschey (1982)

reports an average depreciation rate of 0.25 for his Fortune 500 sample in the period

1972-77. IO studies, such as Hall (1999), often use 0.15 as an R&D capital depre-

ciation rate. A reasonable depreciation rate would therefore lie between 0.11 and 0.25.

Figure 4.4 shows the estimated R&D capital durability for both pioneering and

generic drug firms. Both graphs show how λ varies over a range of Λ2 values around

the point estimate reported in table 4.5. That is, in formula (4.12) I allow Λ2 to vary

while keeping Λ0 and Λ1 fixed at their OLS estimates in the valuation model, fixing

ω at its estimate in the ROE prediction model (see below), and using the historical

sample average as an estimate of g.
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Part (a) of figure 4.4 presents the results for the pioneering drug firms with positive

earnings, which represent 65% of the total sample. I use the following information

to derive the λ estimate: ω = 0.6, g = 0.15, Λ0 = −1.96, Λ1 = 14.2, and Λ2 varies

between 0.15 and 0.25 with a regression estimate of 20.31. At the R&D coefficient

estimate of 20.31, λ is 0.81, or the economic depreciation rate of R&D capital is 19%

per year. When the R&D coefficient, Λ2, varies between 0.15 and 0.25, then λ varies

between 0.74 and 0.86, keeping all other parameters constant. The estimated depre-

ciation rate of 0.19 is slightly higher than the 0.15 rate that is often used in the IO

literature, and much higher than the 0.11 estimate reported by Lev and Sougiannis

(1996).

Part (b) of figure 4.4 presents the results for the generic drug firms with positive

earnings, which represent 24% of the total sample. I use the following assumptions:

ω = 0.3, g = 0.20, Λ0 = 1.46, Λ1 = 4.48, and Λ2 varies between 0.15 and 0.25 with a

regression estimate of 18.52. I obtain a λ estimate of 0.74 at an R&D coefficient of

18.52, and λ varies between 0.68 and 0.82 for Λ2 ranging from 15 to 25. As expected

from the discussion in section 4.2.1, the λ estimate for generic firms (0.74) is lower

than the estimate for pioneering drug firms (0.81), indicating a faster depreciation of

R&D capital for generic firms compared to pioneering firms.

Some caution should be taken with the interpretation of the above λ estimates.

In particular, I keep g, ω, Λ0 and λ1 constant, while Λ2 varies around the OLS

estimate from the valuation equation. In reality, all these parameters are random

variables with an unknown multivariate density. As a result, the λ parameter itself

is a random variable with an unknown density depending on the other parameters

in formula 4.12. Further research could focus on estimating standard errors for λ by

using a bootstrap method or the bayesian Gibbs sampler, which is beyond the scope

of this chapter.
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Figure 4.4:
Estimation of economic durability of R&D capital (λ) from eq.(4.11)

(pioneering and generic drug firms with positive earnings)
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(a) Pioneering firms : ω = 0.6, g = 0.15, Λ0 = −1.96, Λ1 = 14.2
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(b) Generic firms : ω = 0.3, g = 0.2, Λ0 = 1.46, Λ1 = 4.48
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4.9.1.3 Estimation of the Undeflated Valuation Model.

This section reports the estimation results for an undeflated valuation model as a

sensitivity check for equation 4.11. In particular, I estimate the following undeflated

valuation equation:

MTBt = θ + α0(1−DNEGt)×BVt +
∑4

i=1 αi+1DUMMYit × (1−DNEGt)×BVt
+α5DNEGt ×BVt +

∑4
i=1 αi+5DUMMYit ×DNEGt ×BVt

β0(1−DNEGt)×NIt +
∑4

i=1 βi+1DUMMYit × (1−DNEGt)×NIt
+β5DNEGt ×NIt +

∑4
i=1 βi+5DUMMYit ×DNEGt ×NIt

+γ0(1−DNEGt)×RDt +
∑4

i=1 γi+1DUMMYit × (1−DNEGt)×RDt

+γ5DNEGt ×RDt +
∑4

i=1 γi+5DUMMYit ×DNEGt ×RDt + εt ,

where θ is the intercept, BV is book value of equity, NI is net income before extraor-

dinary items, and RD is R&D expense. I refer to section 4.7 for the definition of the

four DUMMYi variables. The predictions on the sign of the αi’s, βi’s and γi’s are

the same as for the corresponding coefficients in the deflated valuation model.

Table 4.6 reports the results of the estimation of the undeflated valuation model.

The undeflated valuation regression is estimated with OLS on the pooled sample,

deleting the 1% most extreme observations at each side of the DFFIT distribution.

The sample period covers 1975-1998. The predicted sign is given in the “pred” col-

umn. The White-corrected t-statistic is reported between parentheses. Overall the

estimation results do not contradict the findings on the deflated valuation model in

table 4.5, indicating the main findings in this chapter do not result from misspecifi-

cation.

Consistent with Barth et al. (1998) and Collins et al. (1999), I find that loss

firms have a higher valuation multiple on BV compared to profit firms (1.70 versus

-0.69), but lower valuation multiple on earnings (-1.99 versus 17.73). The result is

also consistent with Burgstahler and Dichev (1997): book value of equity serves as the

adaptation value of the assets and receives more weight in the valuation model when

a firm incurs losses. The R&D coefficient is highly significant for profit firms, but is
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Table 4.6:

Undeflated Valuation Estimation Results a

BV NI RD

effectb pred NI > 0 NI < 0 pred NI > 0 NI < 0 pred NI > 0 NI < 0

- −0.69 1.70 17.73 −1.99 25.05 −0.65
(−0.24) (7.07) (2.26) (−5.14) (1.99) (−0.26)

DUMMY1 (FIRM) − −2.56 7.34 + 4.88 −7.09 +/− 2.46 −35.19
(−1.49) (9.24) (0.65) (−1.73) (0.33) (−8.16)

DUMMY2 (MS) − 2.23 −6.81 + 0.69 −17.30 +/− −23.58 11.84
(1.19) (−4.49) (0.00) (−5.56) (−2.36) (1.42)

DUMMY3 (PAT ) 0 −1.28 2.01 0 −6.52 0.01 + 20.32 −16.96
(−1.03) (3.79) (−1.30) (0.00) (2.91) (−3.52)

DUMMY4 (RDG) − −2.35 −1.17 + 4.89 17.82 +/− 9.12 25.82
(−1.38) (−2.41) (0.75) (5.13) (1.30) (3.61)

adj.R2 : 89% obs : 527
a The undeflated valuation regression is estimated with OLS on the pooled sample, deleting the 1% most extreme observations
at each side of the DFFIT distribution. The sample period covers 1975-1998. The predicted sign is given in the “pred” column.
The White-corrected t-statistic is reported between parentheses.
b I refer to table 4.5 for the definition of the DUMMY variables.
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statistically insignificant for loss firms, not considering the effects of the DUMMY

variables. For example, small generic drug firms with accounting losses and a high

growth in R&D investments have a significantly positive coefficient on R&D due to

the statistically significant coefficient on DUMMY4.

I refer to the findings on the deflated regression model in section 4.9.1.1 for a

discussion on the DUMMYi effects on the coefficients of BV , NI and RD, since

the interpretation of the valuation multiples does not differ between the deflated and

undeflated model.

4.9.2 ROE Prediction.

4.9.2.1 Model Estimation Results.

In table 4.7, I report the regression results on the ROE prediction model that is dis-

cussed in section 4.4.2. Similar to the regression specification of the valuation model,

I permit the intercept, coefficient on ROE and coefficient on R&D to vary with the

four UNA proxies. That allows me to examine the effects of competition (ω), R&D

success (λ) and growth in R&D investments (g) on the three regression coefficients

in model (4.13). The sign predictions on the effect of ω, λ and g on the regression

coefficients Ψ0, Ψ1 and Ψ2 are listed in the pred column and are derived in section

4.4.2.

I estimate the ROE prediction model on the pooled sample, and eliminate the 1%

most extreme outliers at each side of the DFFIT distribution. As a sensitivity check,

I estimate the regression with a dummy based on LTRDG instead of RDG. Since

the results are very similar to these in table 4.7, I do not report them.

As predicted, the intercept and coefficient on ROE are positive and statistically

significant, and the coefficient on RDBV is significantly negative. The negative sign

on R&D in the ROE prediction model indicates that the cost of capital is on average

below the growth rate in R&D investments (r < g). As a result of r < g, FIRM and
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Table 4.7:
ROE prediction regression results a

ROEt+1 = α0 +
4∑
i=1

αiDUMMYi + β0ROEt +
4∑
i=1

βi DUMMYi ×ROEt

+γ0RDBVt +
4∑
i=1

γi DUMMYi ×RDBVt + εt (4.13)

intercept ROE RDBV

effectb pred coeff pred coeff pred coeff

- + 0.18 + 0.30 (b) -0.52
(4.94) (8.31) (-2.34)

DUMMY1 (FIRM) − -0.13 + 0.33 (a) 0.37
(-2.69) (3.09) (1.56)

DUMMY2 (MS) − 0.06 + -0.17 (a) 0.46
(1.23) (-1.58) (2.19)

DUMMY3 (PAT ) 0 -0.05 0 0.09 (b) 0.17
(-1.41) (1.17) (0.95)

DUMMY4 (RDG) 0 -0.01 0 0.06 (c) -0.26
(-0.19) (0.78) (-1.45)

adj.R2 : 37% obs : 499
a The ROE regression equation is estimated with OLS on the pooled sam-
ple, deleting the 1% most extreme observations at each side of the DFFIT
distribution. The sample period covers 1975-1998. The predicted sign on
the coefficients is given in column pred, where (a) is sign(g − r), (b) is
sign(r − g), and (c) is sign(−G2 + 2Gλ− Rλ). For example, if g > r then
the sign prediction on DUMMY3 is “−” in the RDBV column.
b I refer to table 4.5 for the definition of the DUMMY variables.

MS have a positive effect on the R&D coefficient, and RDG has a negative effect on

the R&D coefficient, as predicted. FIRM has a significant positive effect on Λ1 and

negative effect on the intercept. That is, pioneering firms have higher profitability

persistence than generic firms, consistent with the discussion in section 4.2.1. That is

a direct result of higher competition among generic firms. The market share variable

does not significantly affect ROE persistence and the intercept as a result of the high

correlation between MS and FIRM . Consistent with predictions, I find that PAT

does not affect the ROE coefficient and intercept, although the sign on both coef-

ficients is the same as the sign on FIRM . Pioneering firms tend to have relatively



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 165

more patents per dollar invested in R&D than generic firms. Finally, the affect of

RDG on the intercept and ROE coefficient is zero, as predicted.

To give some intuition on the ROE prediction estimates, I compute the coefficients

in the ROE prediction model for the typical generic and pioneering drug firm. That is,

I assume the typical pioneering firm has a rather large market share (DUMMY2 = 1),

a number of patents per unit R&D above the median (DUMMY3 = 1), and a low

growth (DUMMY4 = 0). A typical generic drug firm has a smaller market share

(DUMMY2 = 0), a lower number of patents per unit R&D (DUMMY3 = 0), and a

higher growth (DUMMY4 = 1) mainly due to the Waxman-Hatch Act of 1984. The

ROE prediction model for these two firms is:

pioneer : R̂OEt+1 = 0.06 + 0.55 ROEt + 0.48 RDBVt

generic : R̂OEt+1 = 0.17 + 0.36 ROEt − 0.78 RDBVt

Several observations can be made. First, estimated abnormal profitability persistence

is significantly higher for pioneering drug manufacturers compared to that of generic

drug manufacturers: ω̂ is 0.55 for the former and 0.36 for the latter. That is consistent

with the competitive forces I described in section 4.2.1 that work differently on both

type of firms: once a block buster drug becomes off-patent, the competition among

generic firms starts immediately, driving abnormal profitability quickly away. In con-

trast, pioneering firms have no competition for several years after they introduce a

new drug, resulting in higher abnormal profitability persistence. The (insignificant)

negative sign on DUMMY2 × ROEt results from multicollinearity: there is a high

positive correlation between MS and FIRM . Unreported analysis reveals that MS

and FIRM separately have a significantly positive effect on ROE persistence. Also,

consistent with prediction, both PAT and growth in R&D have no significant effect

on ROE persistence.

Second, the R&D coefficient has an opposite sign between pioneers and generics:

the negative sign on R&D for generic drug firms is consistent with g > r, and vice
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versa for the pioneering drug firms. In other words, additional R&D investments re-

sult in lower future accounting profitability for generic firms, and higher profitability

for pioneering firms. The finding is also consistent with the effect of FIRM and MS

on R&D in the valuation equation. In particular, both FIRM and MS are proxies

for ω, and negatively affect the R&D valuation multiple (see table 4.5), suggesting

g < r for pioneering drug firms. The negative marginal effect of R&D investments on

future ROEt+1 is consistent with figure 4.3, where g > ROE results in a downward

bias in reported ROE.

Third, the intercept is 0.06 for pioneering firms versus 0.17 for generic firms, and

is consistent with predictions. As expected, both the patent and growth variable

have no significant effect on the intercept. Since the intercept is theoretically equal

to (1 − ω)r, the higher intercept for generic firms results from a lower ROE persis-

tence (ω) and a possibly higher cost of capital (r). The implied cost of capital is

derived from the structural restriction between the intercept and coefficient on ROE

in eq.(4.13): r = Ψ0

1−Ψ1
. The implied r is equal to 0.13 for pioneering firms, and 0.26

for generic firms. The implied r of the pioneering firms is between the average cost

of capital of 0.16 reported by Taylor (1999) and the average number of 0.10 reported

by Dimasi et al. (1991). I have no prior cost of capital information on generic firms

available, although 0.26 seems quite high.

To summarize, the estimated ROE prediction model supports the predictions on

the coefficients, which also seems to support the AR(1) assumption on CROEa in

(4.9) that underlies the valuation model. Next, I estimate the economic durability of

R&D capital from the ROE prediction model.

4.9.2.2 Estimation of R&D Capital Durability.

Similar to the R&D capital durability estimation in section 4.9.1.2, I report λ es-

timates derived from the R&D coefficient (Ψ2) in the ROE prediction model. In

particular, I use formula (4.14) to compute λ from eq.(4.13). In analogy with the λ
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Figure 4.5:
Estimation of economic durability of R&D capital (λ) from eq.(4.13)

(pioneering and generic drug firms)
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estimation from the valuation model, I allow Ψ2 to vary around its OLS point esti-

mate while holding g, Ψ0 and Ψ1 constant in (4.14). As a result, figure 4.4 shows λ

values over a range of Ψ2 values for both pioneering and generic drug firms.

Part (a) of figure 4.5 presents the λ estimates for the pioneering drug firms for an

R&D coefficient that varies between 0.2 and 0.8 with an OLS point estimate of 0.48.

I take Ψ0 equal to 0.06, Ψ1 (or, ω) equal to 0.55, and g equal to 0.15. At the OLS

estimate for Ψ2 of 0.48, the economic durability is estimated to be 1.17. That value

is a violating of the 0 � λ � 1 condition (see section 4.4. Unreported analysis shows

that λ is below 1 if the annual growth rate in R&D investments is lower than 7%.

When the R&D coefficient varies between 0.2 and 0.8 at fixed levels of g, Ψ0 and Ψ1,

the corresponding λ estimates vary between 1.16 and 1.20. These values are greater

than one, and therefore exceed the upper limit for λ.

Part (b) of figure 4.5 shows the λ estimates for the generic drug firms for an R&D

coefficient that varies between -1.2 and -0.4 with an OLS point estimate of -0.78. The

corresponding λ’s vary between 1.25 and 1.38, with λ equal to 1.28 at a Ψ2 of -0.78.

Again, all these λ values exceed the upper limit for λ of 1. In contrast with part

(a), the curve in part (b) is increasing towards zero since λ − G in the denomina-

tor of ∂Λ2

∂λ
is increasing. The negative values on Ψ2 results from r < g for generic firms.

There are several possible reasons for λ estimates to exceed the upper limit of 1,

and thus violating the 0 � λ � 1 assumption. First, the ROE prediction model might

be misspecified, resulting in coefficients Ψ0, Ψ1 and Ψ2 different from these shown in

eq.(4.13). Second, I refer the last paragraph of section 4.9.1.2 for a discussion of the

weaknesses of the approach I take to compute λ. Keeping some of the parameters

in formula (4.14) constant while one parameter varies (i.e., Ψ2) might violate the

multidimensional nature of all these parameters. For example, if Ψ2 increases, then

g might decrease and Ψ1 increase. Third, the ROE prediction model has a much

lower explanatory power than the valuation model : the R2 is 37% versus 66% in the

valuation model. Since the standard error of λ depends on the standard errors of the



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 169

parameters in the ROE prediction model, λ will have much higher variance when it

is derived from the ROE prediction model relative to the variance when it is derived

from the valuation model.

4.10 Summary.

This study examines sources of cross-sectional differences between market value and

reported book value of firms in the pharmaceutical industry. Consistent with the

previous accounting and economics literature, I find that R&D investments in the

pharmaceutical industry are significantly valued by the market. This suggests R&D

investments have similar characteristics as capital expenditures, and their economic

depreciation rate differs from the accounting rate of one, i.e., fully expensing of the

investment when incurred. I present strong evidence supporting four hypotheses that

predict the effects of competitive structure, patent output per dollar invested in R&D,

and growth in R&D investments on the valuation coefficient of ROE and scaled R&D.

First, pioneering drug manufacturers have a higher coefficient on ROE and lower co-

efficient on scaled R&D due to higher persistence in abnormal profitability. Second,

firms with larger overall therapeutic market shares have a higher coefficient on return

on equity, and lower coefficient on R&D for the same reason. The patent-based R&D

success measure significantly affects the valuation multiple of R&D: firms with more

patent per dollar R&D investment have a higher valuation multiple on scaled R&D.

Finally, higher growth in R&D investments positively affects the return on equity

valuation coefficient, and has no effect on the R&D multiple.

This study contributes to the literature on intangibles (or unrecognized net as-

sets) in three ways. First, I provide a theoretical framework to incorporate accounting

recognition bias in earnings and book value in a formal accounting-based valuation

model. Second, I theoretically and empirically examine cross-sectional differences

in the magnitude of the valuation coefficients on ROE and R&D, two places where

UNA is reflected. Cross-sectional differences in type of firm, therapeutic market

share, R&D growth rate, and R&D success rate are key to understand differences in



CHAPTER 4. THE PHARMACEUTICAL INDUSTRY 170

these valuation coefficients, and help explain UNA differences between companies.

Third, I provide a new way to empirically incorporate non-accounting information in

a residual income based valuation model.

There are several limitations to this study. First, I derive a parsimonious val-

uation model in which R&D is the only source of accounting bias. Other sources

of accounting conservatism, such as expensing of advertisement, are not considered.

However, I argue that R&D is the key production factor for the sample companies,

and the immediate expensing of the R&D investments most likely captures a large

proportion of accounting conservatism sources for pharmaceutical firms. Second, the

findings are based on a small sample of pharmaceutical firms, and might not be valid

for a larger universe of Compustat firms. I suspect the conclusions of the study

might be valid for other research intensive firms. Third, there are other sources of

UNA in the pharmaceutical industry that are not used in the empirical analysis of

the study. For example, I do not consider the valuation effects of strategic alliances

between companies (Hagedoorn and Schakenraad 1994; Nixon 1996). For example,

in November 1997 Merck signed a 145 million dollar research collaboration agree-

ment with Biogen to develop VLA-4 for asthma and inflammation. Another common

alliance is when pharmaceutical firms have marketing agreements, where one firm

markets a drug that is developed by the second firm in a specific geographic region.

For example, Glaxo Wellcome signed a marketing agreement with the Japanese drug

manufacturer Fujisawa in 1994 to sell Imuran in the U.S. Finally, drug firms often

have agreements with universities: drug firms finance research activities performed by

academic laboratories to acquire familiarity with basic knowledge in a particular field.

In addition, these agreements are important sources for recruiting qualified scientists

and researchers (Gambardella 1995). I also do not consider the outcome of clinical

trials as a success indicator of R&D (I only use patents as an R&D output measure).

A last example of an additional UNA source is the explicit and implicit tax effect

of R&D tax credit (Berger 1993). Tax credit is considered as an important stimulus

of R&D in the pharmaceutical industry (PhRMA 1999). Despite these limitations, I

find support for the hypotheses by only using a few (important) UNA proxies.



Chapter 5

Summary and Conclusions

5.1 Summary

This thesis examines sources of cross-sectional differences between market value and

book value of equity, which I label as unrecognized net assets (UNA). I identify two

sources of UNA: (1) the existence of positive net present value projects and the abil-

ity of a firm to appropriate and sustain the abnormal profits from these projects, and

(2) accounting measurement rules that are responsible for the conservative measure-

ment of income and assets. I denote the two sources of UNA as competitive structure

and accounting recognition respectively. I conduct two empirical studies to address

the research question.

Both studies rely on a residual income valuation model that expresses UNA as

the present value of future residual income (or, abnormal earnings). I use a scaled

version of the model, resulting in an equation that relates the market-to-book ratio

to the present value of future abnormal book return on equity (ROE). An important

step in the research design is the specification of the ROE prediction model, since

the sum of the present values of future ROE is written in terms of current ROE and

other information that is relevant in ROE prediction and currently available. The

two studies differ with respect to the information used to forecast future ROE and

to explain UNA. However, both studies address the conditions under which current
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accounting summary numbers, such as ROE or R&D expenses, are value-relevant.

These conditions relate to abnormal earnings persistence and growth. I theoreti-

cally derive and empirically test the conditions under which accounting information

is value-relevant. Furthermore, I introduce nonaccounting information (for example,

the patent portfolio of a drug firm) in the research design, and show how this in-

formation helps in predicting future ROE and explaining cross-sectional variation in

UNA. I briefly describe the two empirical studies.

In the first study (chapter 3), I use a broad cross-sectional sample of Compu-

stat firms, and I identify two sets of empirical variables that describe competitive

structure and accounting recognition. Industry concentration, barriers-to-entry and

market share measure aspects of competitive structure, and yearly security return,

the amount of one time items, and whether a firms has acounting losses or profits are

the three accounting recognition variables. The findings are threefold. First, both the

industry concentration and the barriers-to-entry variable are not strong predictors of

future ROE, and often have negative signs in the UNA valuation equation, contra-

dictory to predictions. However, a firm’s market share is a strong predictor of future

ROE and has a positive effect on UNA (although only significant for low growth

firms). Second, consistent with predictions, firms with slower accounting recognition

or longer recognition lags have more persistent ROE series and a higher valuation

multiple on current ROE. In addition, shorter accounting recognition lags result in

more informative competitive structure variables with respect to UNA. Third, as

predicted, firms with higher growth rates have lower ROE persistence and a lower

valuation multiple on current ROE. I discuss the implications of the above findings

in the next section.

In the second study (chapter 4), I examine cross-sectional differences in UNA in

the pharmaceutical industry. This industry is characterized by both a high median

level of UNA and a large variation in UNA. Since the pharmaceutical industry is ver

research intensive, I focus on R&D expenses and I develop a theoretical model that

relates UNA to ROE and R&D. I find that R&D investments are significantly valued
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by the market, suggesting R&D investments have similar characteristics as capital ex-

penditures, with an economic depreciation rate that is different from the accounting

rate of one (i.e., fully expensing). I have strong empirical evidence supporting the

four hypotheses in the study. First, pioneering drug manufacturers have a higher

coefficient on ROE and lower coefficient on scaled R&D due to higher persistence in

abnormal profitability. Second, firms with larger overall therapeutic market shares

have a higher coefficient on ROE and a lower coefficient on R&D for the same rea-

son. Third, the patent-based R&D success measure significantly affects the valuation

multiple of R&D: firms with more patents per dollar R&D investment have a higher

valuation multiple on scaled R&D. Finally, higher growth in R&D investments posi-

tively affects the ROE valuation coefficient, and has no effect on the R&D multiple.

5.2 Concluding Remarks

The evidence presented in this thesis has implications for the four parties indicated

in the introduction: financial analysts, the firm’s management, academic researchers,

and regulators.

First, the approach developed and the results presented in this dissertation might

be of interest to financial analysts. For example, in chapter 4, I develop a valuation

model that includes ROE and current R&D expenses, and show how the valuation

multiples on these two variables are affected by competitive forces, patent success,

and growth. Even though financial analysts have a broader information set available

than the one I use in this dissertation to value firms, analysts might use the theoret-

ical framework developed in this dissertation to understand the valuation multiples

on accounting profitability and R&D. For instance, they could replace the proxy for

R&D success in chapter 4 with their more refined variables. In addition, I present

a clear theoretical link between forecasting future earnings and valuation, i.e. two

elements that are essential to financial analysts.
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Second, a firm’s management might be interested in this dissertation if it wants

to have a better understanding of how the investment community values accounting

summary numbers (such as ROE) and nonaccounting information (such as market

share). Often managers have stock-based compensation contracts, what makes them

more interested in the effects of their actions on the stock price of the company. For

example, in chapter 3, I show the impact of reporting negative one time items on

the valuation of ROE : firms that report negative one time items have a valuation

coefficient on ROE that is almost half of that of firms without negative one time items.

Third, the dissertation has implications for academic researchers. Both empirical

studies provide new evidence of the empirical applicability of the residual income

model to study cross-sectional differences in UNA. I show how accounting recog-

nition features and nonaccounting information affect the valuation coefficients, and

provide new ways to test the specification of the valuation model.

Finally, policy makers such as FASB might be interested in my research approach

and results. Even though it is clear from chapter 4 that R&D investments are simi-

lar to capital investments, it is not clear whether capitalizing R&D would lead to a

Pareto improvement. Even though the nonaccounting information (such as the num-

ber of patents granted and therapeutic market shares) used in the valuation analysis

is publicly available, I do not examine the relative costs if these numbers were re-

ported in financial statements. In addition, suppose R&D investments were to be

capitalized and subsequently amortized, the question becomes over what period and

what method should be used to amortize R&D capital. If FASB would allow man-

agement’s discretion, then managers might opportunistically abuse their discretion,

resulting in lower informativeness of accrual accounting numbers. Nevertheless, pol-

icy makers might benefit from the approach taken in this dissertation to study UNA,

and in particular from the pharmaceutical industry study. Recently, FASB adopted

the industry-specific approach to study ways to improve financial reporting.



Appendix A

Derivations in Chapter 2

In this appendix, I report some details on derivations of several equations mentioned

in chapter 2.

A.1 Deriving Ohlson’s Abnormal Earnings Valua-

tion Model.

This section demonstrates how the residual income valuation model in eq.(2.1) on

page 18 is derived. The following three assumptions are made by Ohlson (1995):

1. Dividend Discount Model : MVt =
∞∑
τ=1

ρτEt[Dt+τ ]

2. Clean Surplus Relation : BVt = BVt−1 + NIt −Dt

3. Abnormal Earnings : NIat = NIt − r · BVt−1

where MV is market value of equity, D are dividends, BV is book value of equity,

NI are earnings, and ρ = 1
1+r

is the discount factor. Risk neutrality applies so that

the discount factor equals a flat riskfree rate r.

One can rewrite dividends in terms of abnormal earnings, book value and the discount
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rate:
Dt = BVt−1 −BVt + NIt

= BVt−1 −BVt + (NIat + r · BVt−1)

= NIat − BVt + (1 + r) · BVt−1
= NIat − BVt +

1
ρ
BVt−1

Finally, the dividend stream in the dividend discount model can now be transformed

as follows:

MVt =
∞∑
τ=1

ρτEt[Dt+τ ]

= Et[ ρDt+1 + ρ2Dt+2 + ρ3Dt+3 + ... ]

= Et
[

ρ(NIat+1 − BVt+1 +
1
ρ
BVt) + ρ2(NIat+2 − BVt+2 +

1
ρ
BVt+1)

+ρ3(NIat+3 − BVt+3 +
1
ρ
BVt+2) + ...

]
= Et

[
BVt + (ρNIat+1 + ρ2NIat+2 + ρ3NIat+3 + ...) +

(
(−ρBVt+1 + ρ2 1

ρ
BVt+1)

+(−ρ2BVt+2 + ρ3 1
ρ
BVt+2) + (−ρ3BVt+3 + ρ4 1

ρ
BVt+3) + ...

)]
= BVt + Et

[
ρNIat+1 + ρ2NIat+2 + ρ3NIat+3 + ...

]
= BVt +

∞∑
τ=1

ρτEt[NIat+τ ]

A.2 LID in Terms of Current and Past Abnormal

Earnings.

This section of the appendix derives an alternative representation (see eq.(2.3)) of

Ohlson’s linear information dynamic for abnormal earnings.

NIat+1 = ωNIat + νt + ε1,t+1

rewriting νt = ωNIat + (γνt−1 + ε2,t) + ε1,t+1

where νt−1 = NIat − ωNIat−1 − ε1,t

NIat+1 = ωNIat + γ(NIat − ωNIat−1 − ε1,t) + ε2,t + ε1,t+1

= (ω + γ)NIat − ωγNIat−1−γε1,t + ε2,t + ε1,t+1︸ ︷︷ ︸
ξt+1
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A.3 Omitted Variable Bias in a Commonly Used

Empirical Valuation Equation.

This section of the appendix addresses the effect on the regression coefficients from

omitting variables from an equation such as eq.(2.11).

The following empirical model - referred as the short regression - is estimated by

many accounting empiricists:

MVt = β0 + β1BVt + β2NIt + εt (A.1)

Maybe the true linear relation includes a control variable Z, and the long regression

is:

MVt = β∗0 + β∗1BVt + β∗2NIt + β∗3Zt + ε∗t (A.2)

Z can be thought of as being a vector capturing relevant nonfinancial information as

in Amir & Lev (1996). In order to describe the effect on the coefficients β0, β1 and

β2, denote:

Xshort = (1 BV NI)

γshort = (X ′shortXshort)
−1X ′shortMV

= (β0 β1 β2)
′

MV = (Xshort Z)

(
γ∗

β∗3

)
+ ε∗t

γ∗ = (β∗0 β∗1 β∗2)
′

where Xshort is the regressor matrix used in the short regression without the omitted

variables, γshort is the coefficient vector in the short regression, γ∗ and β∗3 are the true

parameters in the long regression that includes the omitted variables. Running an

auxiliary regression of the omitted variable Z on Xshort ( Z = Xshortθ+ εZ) gives the

correlation of Z with Xshort, the vector θ. One can now prove that the coefficient bias



APPENDIX A. DERIVATIONS IN CHAPTER 2 178

of γshort in (A.1) is (Goldberger 1991, p.183):

γshort = γ∗ + θβ∗3 bias = θβ∗3 (A.3)

In other words, the vector of coefficients γshort in the short regression is a mixture of

the coefficients corresponding with Xshort and Z in eq.(A.2). There is an upward (resp.

downward) bias in γshort if the omitted variables are positively (resp. negatively)

correlated with the elements in Xshort and if the omitted variables are positively

related with market value. An example of an omitted variable is a firm’s patent

stock (number of patents it owns). Patent stock is positively correlated with market

value (β∗3 > 0), and is also positively correlated with the earnings number (θ > 0).

Therefore, β2 is likely to be upward biased when the patent stock variable is omitted

from the short valuation regression.

A.4 Derivation of the ROE Models.

First, model (2.15) is derived from the LID assumption in eq.(2.2).

NIat+1 = ωNIat + νt + ε1,t+1

NIt+1 − rBVt = ω(NIt − rBVt−1) + νt + ε1,t+1
NIt+1

BVt
= rBVt

BVt
+ ω(NIt

BVt
− rBVt−1

BVt
) + νt

BVt
+

ε1,t+1

BVt

ROEt+1 = r + ω( NIt
(1+g)BVt−1

− r
1+g

) + νt
BVt

+ ε1,t+1

ROEt+1 = r + ω
1+g

(ROEt − r) + νt
BVt

+ ε1,t+1

ROEt+1 = r(1− ω
1+g

) + ω
1+g

ROEt +
νt
BVt

+ ε1,t+1

(A.4)

where g = BVt

BVt−1
− 1 is the growth rate in book value, and ε1,t+1 =

ε1,t+1

BVt
.

Next, dividing both sides of Ohlson’s linear valuation equation (2.4) by BVt results

in an expression for the market-to-book ratio. It is now shown how this ratio can be
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related to ROE and other information, νt.

MVt

BVt
= 1 + α1

NIa
t

BVt
+ α2

νt
BVt

= 1 + α1
NIt−rBVt−1

(1+g)BVt−1
+ α2

νt
BVt

= 1− α1r
1+g

+ α1

1+g
NIt
BVt−1

+ α2
νt
BVt

= 1− ωr
(1+g)(1+r−ω) +

ω
(1+g)(1+r−ω)ROEt +

(1+r)
(1+r−ω)(1+r−γ)

νt
BVt

(A.5)

where α1 =
ω

1+r−ω , and α2 =
(1+r)

(1+r−ω)(1+r−γ) . To highlight the explanation of UNA by

current ROE and other information, eq.(A.5) can be written as:

UNAt
BVt︸ ︷︷ ︸

scaled UNA

=
−ωr

(1 + g)(1 + r − ω) +
ω

(1 + g)(1 + r − ω)ROEt +
(1 + r)

(1 + r − ω)(1 + r − γ)
νt
BVt
(A.6)



Appendix B

Efficiency Hypothesis

Consider a market with imperfect competition among the N incumbents (e.g., quan-

tity setting oligoply). Martin (1993, p.167) shows that the equilibrium price cost

margin (PCM) for firm i is expressed as follows:

PCMi =
p− ci

p
=

MSi + (1 + MSi)αi
−η

(B.1)

where p is the unit price of firm’s i product (same price for all the firms in the indus-

try), ci is firm’s i marginal cost, MSi is firm’s i market share, αi is the conjectural

elasticity (the percentage change in the aggregate output of the rival firms that firm

i expects in response to a one percent change in its own output), and η is the price

elasticity of the demand (plausible values for η are negative since price increases are

most probably associated with a reduction in output; when η = 0, the demand is

inelastic). A conjectural elasticity αi equal to zero (rivals are not expected to change

their output when firm i increases or decreases its output) corresponds to the Cournot

case, and results in a simplified version of eq.(B.1): PCMi =
MSi

−η .

Profitability is a direct function of market share: when firm i reduces its marginal

cost ci (by producing in a more efficient way), then the above relation suggests that

firm’s i market share and its profitability will increase. Some additional manipulations

highlight the importance of relative efficiency, i.e. efficiency compared to other firms
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in the industry in the economic framework. Summing expression (B.1) over all N

firms and assuming that all αi’s are equal to α, results in:

p (N +
1 + (1−N)α

η
) =

N∑
j=1

cj (B.2)

Notice that
∑N

j=1 MSj = 1. Substituting eq.(B.2) into (B.1) and solving for MSi

yields:

MSi =
1
N
+ η + (1− 1

N
)α

1− α
× ci

1
N

N∑
j=1

cj︸ ︷︷ ︸
relative efficiency

− α + η

1− α
(B.3)

Plausible values for the relative efficiency multiplier are negative, such that a lower

than average marginal cost for firm i results in subtracting a smaller number from

the last term in eq.(B.3), that is most likely to be positive. In the Cournot case (i.e.

α = 0), if a firm’s marginal cost ci equals the industry average, then it follows from

(B.3) that firm’s i market share is equal to 1/N .



Appendix C

Industries in Chapter 3

The following table lists the classification of industries used in chapter 3 and the

number of observations within each industry. The data are collected from PC Plus

Compustat (July 1997) and are pooled over 1977-1996. Only firms with a positive

revenue number are selected. The last column indicates the yearly average number

of firms in that industry.

Industry Name Total Obs. Yearly Obs.

1 mining 2,440 122

2 oil and gas exploration 6,725 336

3 construction 1,856 93

4 food and tobacco 2,562 128

5 textiles 1,243 62

6 apparel 1,359 68

7 lumber and wood products 952 48

8 furniture and fixtures 988 49

9 paper and allied products 1,099 55

10 publish 1,012 51
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Industry Name Total Obs. Yearly Obs.

11 commercial printing, typesetting 990 50

12 chemicals and allied products 659 33

13 pharmaceuticals 3,512 176

14 special chemicals: soap, polish, paint, etc. 1,901 95

15 petroleum refining 367 18

16 rubber, plastic and leather products 2,099 105

17 glass 222 11

18 cement, ceramics, pottery, asbestos 810 41

19 metal industry: steel, iron foundries 965 48

20 nonferro metals 673 34

21 structural metal, hardware, steel stamping 2,985 149

22 engines, turbines, machinery, tractors 1,460 73

23 special industry machinery 2,500 125

24 computer, related devices and office machines 3,541 177

25 refrigerators, laundry machines, pumps 962 48

26 motors and generators 815 41

27 household equipment 1,120 56

28 electric lighting 581 29

29 audio, video 427 21

30 communication apparatus (telephone) 2,752 138

31 semiconductor, printed circuit board 3,063 153

32 automobile 1,210 61

33 aircraft, missiles and parts 456 23

34 ship building 737 37

35 measurement instruments 3,513 176

36 surgical, medical and dental instruments 3,661 183

37 photographic equipment 438 22

38 miscalleneous manufacturing 918 46

39 toys and games 353 18

40 sport, athletic goods 402 20

41 transportation (trucking,bus,air) 2,022 101

42 telephone and telegraph 2,212 111

43 radio, TV stations, cable 1,221 61
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Industry Name Total Obs. Yearly Obs.

44 motor vehicle parts, tires 331 17

45 computer and software wholesale 745 37

46 wholesale metal, minerals 231 12

47 electrical apparatus 800 40

48 hardware wholesale 289 14

49 machinery and equipment wholesale 610 31

50 miscellaneous wholesale 824 41

51 drugs and proprietary wholesale 364 18

52 apparel, miscellaneous nondurables wholesale 314 16

53 groceries wholesale 556 28

54 chemicals, plastics wholesale 503 25

55 lumber, furniture, building metal wholesale 608 30

56 department stores 886 44

57 food stores, groceries 740 37

58 auto dealers, gas stations 353 18

59 apparel, clothing 889 44

60 home furniture 341 17

61 radio, TV, computer, software 397 20

62 restaurants, drinking 2,180 109

63 miscellaneous retail 1,410 71

64 mail order 505 25

65 hotels 871 44

66 personal services 439 22

67 advertising 465 23

68 rental and leasing 469 23

69 employment agencies 497 25

70 computer programming, software 5,504 275

71 miscellaneous business services 1,711 86

72 auto rental, lease and repair 430 22

73 motion pictures, theatres 1,216 61

74 amusement and recreation services 1,698 85

total firm-year obs : 96,956

total firms : 12,772
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Derivations in Chapter 4

D.1 R&D Capital and Economic Depreciation.

The economic depreciation rate of R&D is a constant rate 1−λ (λ represents economic

durability) applied to R&D capital. The latter is characterized as follows:

RDCt = RDCt−1 + RDt −DEPRDt

= λ(RDCt−1 + RDt)

=
∞∑
τ=0

λτ+1RDt−τ

(D.1)

If yearly R&D investments grow at a constant rate g, then economic depreciation of

R&D capital (DEPRD) in eq.(4.3) is derived as follows:

DEPRDt = (1− λ)(RDCt−1 + RDt)

= (1− λ)
∞∑
τ=0

λτRDt−τ

= (1− λ)RDt−1
∞∑
τ=0

( λ
1+g

)τ

= (1− λ) (1+g)
1+g−λRDt

(D.2)
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D.2 Clean Surplus Relation.

This section shows that the clean surplus relation still holds when the capitalization

adjusted net income and book value of equity are used.

CNIt = CBVt − CBVt−1 + Dt

NIt = −Φ1RDt + (BVt + Φ2RDt)− (BVt−1 + Φ2RDt−1) + Dt

NIt = BVt − BVt−1 + Dt + RDt(Φ2 − Φ1 − Φ2

1+g
)

NIt = BVt − BVt−1 + Dt + RDt(Φ1
1+g
g
− Φ1 − Φ1

1
g
)

NIt = BVt − BVt−1 + Dt

(D.3)

D.3 Relation between Growth Rate of BV, CBV

and R&D.

The growth rate in CBVt is k, so CBVt+1 = (1+ k)CBVt. I rewrite CBVt+1 in terms

of reported accounting variables by using the definition in (4.4):

BVt+1 = −Φ2RDt+1 + (1 + k)(BVt + Φ2RDt)

= −Φ2RDt+1 + (1 + k)BVt +
1+k
1+g

Φ2RDt+1

= (1 + k)BVt + (1+k
1+g
− 1)Φ2RDt

(D.4)

Dividing both sides by current BVt, the growth rate of BVt appears at the left side:

k∗ = k +
(k − g)λ

1 + g − λ

RDt

BVt︸ ︷︷ ︸
growth rate bias

(D.5)

where k∗ is the growth rate of reported BV (or, non-R&D net assets), and k is the

growth rate in R&D bias-adjusted book value. The second term on the right hand side

represents the bias in the growth rate of book value of equity due to nonrecognition

of R&D capital under current GAAP. The magnitude of the bias depends on g, k, λ,
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and the level of R&D intensity. If k = g, that is if bias-adjusted book value CBV

grows at the same rate as the R&D investments, then the second term on the right

hand side disappears in the above equation. Thus, k = g implies that that the growth

rate of CBV is equal to the growth rate of BV : k = k∗.

D.4 Deriving the ROE-Based Valuation Model.

The ROE-based valuation model is derived from eq.(4.8). Multiplying both sides by

CBVt gives:

MVt = CBVt +
ω

(1+r)−ω(1+k)CROEa
t CBVt

= CBVt +
ω

(1+r)−ω(1+k) (CROEt CBVt − rCBVt)

= CBVt(1− rω
(1+r)−ω(1+k)) + CNIt

ω(1+k)
(1+r)−ω(1+k)

= (BVt + Φ2RDt)
(1+r)−ω(1+k−r)
(1+r)−ω(1+k) + (NIt + Φ1RDt)

ω(1+k)
(1+r)−ω(1+k)

MVt
BVt

= (1+r)−ω(1+k−r)
(1+r)−ω(1+k) + ω(1+k)

(1+r)−ω(1+k)
NIt
BVt

+ ( (1+r)−ω(1+k+r)
(1+r)−ω(1+k) Φ2 +

ω(1+k)
(1+r)−ω(1+k)Φ1)

RDt

BVt

(D.6)

Since k is not directly observable, but g is, I assume the growth rate in CBV to

be equal to the growth rate in R&D, i.e. g = k (see also footnote 12). I make

this growth assumption to make the valuation model more easily testable, and also

consistent with the assumptions underlying the ROE prediction model.

MVt
BVt

= 1− ω
(1+r)−ω(1+g)r + ω

(1+r)−ω(1+g)ROEt

+ (1+r)−ω(1+g+r)+gω
(1+r)−ω(1+g) Φ2

RDt

BVt

= 1− ω
(1+r)−ω(1+g)r + ω

(1+r)−ω(1+g)ROEt +
(1+r)(1−ω)Φ2

(1+r)−ω(1+g)
RDt

BVt

(D.7)
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D.5 Partial Derivatives in Valuation Model.

I examine the effects of abnormal return on equity persistence (ω), R&D capital

durability (λ), and growth in R&D investments (g) on the valuation multiples Λ0, Λ1

and Λ2 by inspecting the following partial derivatives.

1) intercept : ∂Λ0

∂ω
= −R(R−1)

(R−ωG)2 < 0
∂Λ0

∂λ
= 0

∂Λ0

∂G
= −ω2(R−1)

(R−ωG)2 < 0

2) ROE coefficient : ∂Λ1

∂ω
= R

(R−ωG)2 > 0
∂Λ1

∂λ
= 0

∂Λ1

∂G
= ω2

(R−ωG)2 > 0

3) RDBV coefficient : ∂Λ2

∂ω
= RG(G−R)λ

(R−ωG)2(G−λ) sign(G− R)
∂Λ2

∂λ
= RG2(1−ω)

(R−ωG)(G−λ)2 > 0
∂Λ2

∂G
= Rλ(1−ω)[ωG2−Rλ]

(R−ωG)2(G−λ)2 sign(ωG2 − Rλ)

(D.8)

I use the two following conditions to derive the sign of the above partial derivatives:

(1) G > λ, and (2) ωG < R, where R = 1 + r and G = 1 + g. The effect of ω on

the RDBV valuation coefficient depends on the sign of G−R (or, g− r): firms with

a growth rate of R&D investments greater than their cost of capital are expected to

experience a downward effect in their RDBV valuation coefficient due to increased

abnormal profitability persistence ω, ceteris paribus.

The effect of growth (G or g) on the RDBV valuation coefficient depends on the

sign of ωG2−Rλ or whether G is greater - equal - or less than
√

Rλ
ω
. Figure D.1 shows

the graphical representation of the growth condition. The perspective plot in part

(a) of the figure shows the three dimensional shape of the
√

Rλ
ω
-surface in function of

ω (persistence) and λ (lambda) at an assumed cost of capital of 12%. The contour

plot in part (b) plots constant growth (G) slices on a two-dimensional format.
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Figure D.1:

Effect of Growth on the RDBV Valuation Coefficient (r = 12%)
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(a) Perspective Plot :
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(b) Contour Plot :
√
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ω

Table with
√

Rλ
ω values :

λ

r ω 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.99

1.08 0.1 1.039 1.470 1.800 2.078 2.324 2.546 2.750 2.939 3.118 3.270

1.08 0.3 0.600 0.849 1.039 1.200 1.342 1.470 1.587 1.697 1.800 1.888

1.08 0.5 0.465 0.657 0.805 0.930 1.039 1.138 1.230 1.315 1.394 1.462

1.08 0.7 0.393 0.555 0.680 0.786 0.878 0.962 1.039 1.111 1.178 1.236

1.08 0.9 0.346 0.490 0.600 0.693 0.775 0.849 0.917 0.980 1.039 1.090

1.1 0.1 1.049 1.483 1.817 2.098 2.345 2.569 2.775 2.966 3.146 3.300

1.1 0.3 0.606 0.856 1.049 1.211 1.354 1.483 1.602 1.713 1.817 1.905

1.1 0.5 0.469 0.663 0.812 0.938 1.049 1.149 1.241 1.327 1.407 1.476

1.1 0.7 0.396 0.561 0.687 0.793 0.886 0.971 1.049 1.121 1.189 1.247

1.1 0.9 0.350 0.494 0.606 0.699 0.782 0.856 0.925 0.989 1.049 1.100

1.12 0.1 1.058 1.497 1.833 2.117 2.366 2.592 2.800 2.993 3.175 3.330

1.12 0.3 0.611 0.864 1.058 1.222 1.366 1.497 1.617 1.728 1.833 1.922

1.12 0.5 0.473 0.669 0.820 0.947 1.058 1.159 1.252 1.339 1.420 1.489

1.12 0.7 0.400 0.566 0.693 0.800 0.894 0.980 1.058 1.131 1.200 1.259

1.12 0.9 0.353 0.499 0.611 0.706 0.789 0.864 0.933 0.998 1.058 1.110

1.14 0.1 1.068 1.510 1.849 2.135 2.387 2.615 2.825 3.020 3.203 3.359

1.14 0.3 0.616 0.872 1.068 1.233 1.378 1.510 1.631 1.744 1.849 1.940

1.14 0.5 0.477 0.675 0.827 0.955 1.068 1.170 1.263 1.351 1.432 1.502

1.14 0.7 0.404 0.571 0.699 0.807 0.902 0.989 1.068 1.141 1.211 1.270

1.14 0.9 0.356 0.503 0.616 0.712 0.796 0.872 0.942 1.007 1.068 1.120
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That is, given a value for G, lines are drawn for connecting the (ω, λ) coordinates

where that G value occurs. A firm with a growth rate in R&D investments below the

surface in part (a) of the figure is expected to experience a decrease in its RDBV

valuation multiple from increased growth, as long as the growth rate remains below√
Rλ
ω
. The table below the figure shows

√
Rλ
ω

values at different levels of ω, and r,

and thus has one dimension added to figure D.1, i.e. the cost of capital.

D.6 Deriving the ROE Prediction Model.

The ROE prediction model is derived from eq.(4.9) by applying the definition of

CBV and CNI in (4.4).

CROEt+1 = (1− ω)r + ωCROEt + εt+1
1

1 + Θt+1

g

(ROEt+1 +Θt+1) = r(1− ω) + ω

1 + Θt
g

(ROEt +Θt) + εt+1

ROEt+1 +Θt+1 = r(1− ω)(1 + Θt+1

g ) +
1 + Θt+1

g

1 + Θt
g

ω(ROEt +Θt) + εt+1
(D.9)

where Θt = Φ1
RDt

BVt−1
. The relation between subsequent Θ’s is characterized as follows:

Θt+1 = Φ1
RDt+1

BVt
= Φ1

(1 + g)RDt

(1 + k)BVt−1
=
1 + g

1 + k
Θt = κΘt (D.10)

Using eq.(D.10), the ROE model becomes:

ROEt+1 = −κΘt + r(1− ω)(1 + κ
gΘt) +

1 + κ
gΘt

1 + Θt
g

ω(ROEt +Θt) + εt+1

= r(1− ω) +
(
−κ+ r(1− ω)κg +

1 + κ
gΘt

1 + Θt
g

ω

)
Θt

+

(
1 + κ

gΘt

1 + Θt
g

ω

)
ROEt + εt+1

(D.11)
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If the growth rate in CBV is equal to the growth rate in R&D, i.e. g = k, then κ = 1

and the above expression simplifies to:

ROEt+1 = r(1− ω) + ωROEt + (ω − 1 + r(1−ω)
g )Θt + εt+1

= r(1− ω) + ωROEt +
(1−ω)(r−g)

g Φ1
RDt

BVt−1
+ εt+1

= r(1− ω) + ωROEt +
(1−ω)(r−g)

g
λg(1+g)
1+g−λ

RDt

BVt
+ εt+1

= r(1− ω) + ωROEt +
(1−ω)(r−g)λ(1+g)

1+g−λ
RDt

BVt
+ εt+1

= r(1− ω) + ωROEt + (1− ω)(r − g)Φ2
RDt

BVt
+ εt+1

(D.12)
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D.7 Variable Definitions in Chapter 4.

Variables Definition

ANDA abbreviated new drug application (for generic drug)

BV reported book value of equity (Compustat data60)

BV G yearly growth rate of book value of equity

CBV book value of equity under R&D capitalization, see definition (4.1)

CNI net income under R&D capitalization, see definition (4.1)

CNIa abnormal net income under R&D capitalization, CNIt − r CBVt−1

CROE return on equity under R&D capitalization, see definition (4.5)

CROEa abnormal return on equity under R&D capitalization, CROE − r
DEPRD economic depreciation of R&D capital as defined in (D.2)

DFIRM dummy equal to one if FIRM > 0.5 and zero otherwise, see definition (4.15)

DNEG dummy equal to one if a firm has negative NI, and zero otherwise

FIRM proportion of NDAs in the drug portfolio as defined in (4.15)

LTRDG annualized three year growth rate of R&D as defined in (4.19)

MS aggregate therapeutic market share as defined in (4.16)

MTB market-to-book ratio, MVt
BVt

NDA new drug application (for pioneering drug)

NEGRDBV R&D expense scaled by book value of equity for negative earnings firms

NEGROE book return on equity for negative earnings firms

NI reported net income before extraordinary items (Compustat data237)

PAT number of patent scaled by average R&D expense of most recent three years

POSRDBV R&D expense scaled by book value of equity for positive earnings firms

POSROE book return on equity for positive earnings firms

RD research and development expense (Compustat data46)

RDBV R&D intensity, R&D expense scaled by book value of equity

RDC R&D capital as defined in (D.1)

RDG yearly growth rate of R&D as defined in (4.18)

ROE reported book return on equity, NIt
BVt−1

ROEa abnormal book return on equity, ROE − r, where r is cost-of-capital
UNA unrecognized net assets, MVt −BVt

Parameters Definition

λ economic durability of R&D capital as defined in (D.2)

Φ1 parameter describing R&D capitalization bias in reported earnings, see (4.4)

Φ2 parameter describing R&D capitalization bias in reported book value, see (4.4)

Λ0 intercept in valuation equation (4.11)

Λ1 coefficient on current reported ROE in valuation equation (4.11)

Λ2 coefficient on current RDBV in valuation equation (4.11)

ω AR(1) persistence parameter of CROEa

g firm-specific constant growth rate in R&D investments

k growth rate in book value of equity under R&D capitalization

k∗ growth rate in reported book value of equity

r cost-of-capital
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Pharmaceutical Sample

Obs Cusipa Tickera Company Namea Incorp.b Typec

1 002824 ABT ABBOTT LABORATORIES 1900 P

2 020813 ALO ALPHARMA 1983 G

3 022615 AZA ALZA 1968 P

4 026609 AHP AMERICAN HOME PRODUCTS 1915 P

5 110122 BMY BRISTOL MYERS SQUIBB 1933 G

6 17253C RXC CIRCA PHARMACEUTICALS 1978 G

7 266354 DRMD DURAMED PHARMACEUTICALS 1982 G

8 284131 ELN ELAN 1969 P

9 312024 FAUL FAULDING INC 1845 G

10 345838 FRX FOREST LABORATORIES 1956 G

11 368710 GNE GENENTECH 1976 P

12 37733W GLX GLAXO WELLCOME 1873 P

13 406369 HDG HALSEY DRUG COMPANY 1935 G

14 448924 ICN ICN PHARMACEUTICALS 1960 G

15 478160 JNJ JOHNSON & JOHNSON 1887 P
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Continued

Obs Cusipa Tickera Company Namea Incorp.c Typed

16 482740 KV.A K V PHARMACEUTICAL 1941 G

17 532457 LLY LILLY (ELI) & CO 1876 P

18 589331 MRK MERCK & CO 1927 P

19 552880 MOGN MGI PHARMA 1979 P

20 628530 MYL MYLAN LABORATORIES 1970 G

21 631728 NSTK NASTECH PHARMACEUTICAL 1983 P

22 670100 NVO NOVO-NORDISK 1960 P

23 717081 PFE PFIZER 1900 P

24 716932 PHFR PHARMACEUTICAL FORMULATIONS 1981 G

25 717125 PRX PHARMACEUTICAL RESOURCES 1978 G

26 716941 PNU PHARMACIA & UPJOHN 1886 P

27 76242T RPR RHONE-POULENC RORER 1961 P

28 806528 SHR SCHERER (R P) 1972 G

29 806605 SGP SCHERING-PLOUGH 1935 P

30 871616 SYN SYNTEX CORP 1970 P

31 881624 TEVIY TEVA PHARMACEUTICAL INDUSTRIES 1985 G

32 904801 UMED UNIMED PHARMACEUTICALS 1962 P

33 910571 UG UNITED GUARDIAN 1942 P

34 934488 WLA WARNER-LAMBERT 1901 P

35 989365 ZENL ZENITH LABORATORIES 1968 G

a The cusip number, ticker, and company name are taken from the Compustat 1998 datafiles.

b The incorporation date as mentioned in the history section of Moody’s Industrial Manual or Bioscan February

1999 (American Health Consultants).

c This column classifies the sample firms into generic (“G”) and pioneering (“P”) drug firms. The classification is

based on the level of FIRM (see definition 4.15): if the number of years DFIRM = 1 greater than the number of

years DFIRM = 0 over the sample period 1975-1998, then P appears in the column of this table, and vice versa.
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Therapeutic Classes in Chapter 4

Obs FDA Classa Therapeutic Class Namea Firstb Pop.c Samp.c

1 0117 ANESTHETICS, LOCAL 1950 123 35

2 0118 ANESTHETICS, GENERAL 1951 27 11

3 0119 ANESTHESIA, ADJUNCTS TO/ANALEPTICS 1952 60 25

4 0281 ANTIDOTES, SPECIFIC 1953 54 14

5 0283 ANTIDOTES, GENERAL 1973 7 2

6 0346 PENICILLINS 1950 288 112

7 0347 CEPHALOSPORINS 1965 208 98

8 0348 LINCOSAMIDES/MACROLIDES 1964 178 85

9 0349 POLYMYXINS 1957 12 8

10 0350 TETRACYCLINES 1950 150 60

11 0351 CHLORAMPHENICOL/DERIVATIVES 1950 19 2

12 0352 AMINOGLYCOSIDES 1959 96 31

13 0353 SULFONAMIDES/RELATED COMPOUNDS 1950 113 35

14 0354 ANTISEPTICS,URINARY TRACT 1953 20 5

15 0355 ANTIBACTERIALS, MISCELLANEOUS 1950 173 82

16 0356 ANTIMYCOBACTERIALS (INCL ANTI LEPROSY) 1950 54 7

17 0357 QUINOLONES/DERIVATIVES 1987 11 4

18 0358 ANTIFUNGALS 1950 150 69

19 0388 ANTIVIRALS 1963 84 39

20 0408 DEFICIENCY ANEMIAS 1951 36 11

21 0409 ANTICOAGULANTS/THROMBOLYTICS 1950 78 27

22 0410 BLOOD COMPONENTS/SUBSTITUTES 1952 20 4

23 0411 HEMOSTATICS 1952 14 8

24 0501 CARDIAC GLYCOSIDES 1954 9 7

25 0502 ANTIARRHYTHMICS 1950 167 44

26 0503 ANTIANGINALS 1967 113 37

27 0504 VASCULAR DISORDERS, CEREBRAL/PERIPHERAL 1953 23 8

195
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Continued

Obs FDA Classa Therapeutic Class Namea Firstb Pop.c Samp.c

28 0505 HYPOTENSION/SHOCK 1950 57 27

29 0506 ANTIHYPERTENSIVES 1952 470 181

30 0507 DIURETICS 1953 268 70

31 0508 CORONARY VASODILATORS 1957 18 8

32 0509 RELAXANTS/STIMULANTS, URINARY TRACT 1974 19 4

33 0510 CALCIUM CHANNEL BLOCKERS 1985 61 19

34 0511 CARBONIC ANHYDRASE INHIBITORS 1957 3 1

35 0512 BETA BLOCKERS 1981 40 15

36 0513 ALPHA AGONISTS/ALPHA BLOCKERS 1974 11 4

37 0514 ACE INHIBITORS 1985 31 7

38 0600 CENTRAL NERVOUS SYSTEM 1979 2 1

39 0626 SEDATIVES/HYPNOTICS 1954 92 39

40 0627 ANTIANXIETY 1956 171 60

41 0628 ANTIPSYCHOTICS/ANTIMANICS 1954 162 45

42 0630 ANTIDEPRESSANTS 1959 162 63

43 0631 ANOREXIANTS/CNS STIMULANTS 1956 115 25

44 0632 CNS, MISCELLANEOUS 1953 36 17

45 0635 ANTIEMETICS 1954 19 8

46 0700 CONTRAST MEDIA/ RADIOPHARMACEUTICALS 1953 3 1

47 0789 DIAGNOSTICS, RADIOPAQUE AND NONRADIOACTIVE 1951 82 12

48 0790 DIAGNOSTICS - RADIOPHARMACEUTICALS 1957 78 2

49 0792 DIAGNOSTICS, MISCELLANEOUS 1954 11 2

50 0874 DISORDERS, ACID/PEPTIC 1962 71 28

51 0875 ANTIDIARRHEALS 1954 63 19

52 0876 LAXATIVES 1956 14 1

53 0877 GASTROINTESTINAL, MISCELLANEOUS 1953 99 27

54 0878 ANTISPASMODICS/ANTICHOLINERGICS 1950 22 9

55 0912 HYPERLIPIDEMIA 1964 34 17

56 0913 VITAMINS/MINERALS 1950 117 34

57 0914 NUTRITION, ENTERAL/PARENTERAL 1971 58 37

58 0915 REPL/REGS OF ELECTROLYTES/WATER BALANCE 1951 281 71

59 0916 CALCIUM METABOLISM 1953 20 7

60 1032 ADRENAL CORTICOSTEROIDS 1951 308 85

61 1033 ANDROGENS/ANABOLIC STEROIDS 1958 35 11

62 1034 ESTROGENS/PROGESTINS 1951 131 53

63 1035 ANTERIOR PITUITARY/HYPOTHALMIC FUNCTION 1955 36 9

64 1036 BLOOD GLUCOSE REGULATORS 1957 121 73

65 1037 THYROID/ANTITHYROID 1956 13 5
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Continued

Obs FDA Classa Therapeutic Class Namea Firstb Pop.c Samp.c

66 1038 ANTIDIURETICS 1970 6 3

67 1039 RELAXANTS/STIMULANTS,UTERINE 1966 18 9

68 1040 CONTRACEPTIVES 1967 58 16

69 1041 INFERTILITY 1954 12 2

70 1042 DRUGS USED IN DISORDERS OF GROWTH HORMON 1960 8 2

71 1180 VACCINES/ANTISERA 1987 2 1

72 1181 IMMUNOMODULATORS 1968 22 11

73 1264 ANTISEPTICS/DISINFECTANTS 1950 28 8

74 1265 DERMATOLOGICS 1950 361 128

75 1268 TOPICAL STEROIDS 1961 75 27

76 1270 ACNE PRODUCTS 1973 15 5

77 1271 TOPICAL ANTI-INFECTIVES 1964 20 3

78 1272 ANORECTAL PRODUCTS 1957 3 2

79 1273 PERSONAL CARE PRODUCTS (VAGINAL) 1990 1 1

80 1274 DERMATITIS/ANTIPURETICS 1981 12 4

81 1371 EXTRAPYRAMIDAL MOVEMENT DISORDERS 1950 84 24

82 1372 MYASTHENIA GRAVIS 1951 11 4

83 1373 SKELETAL MUSCLE HYPERACTIVITY 1951 180 41

84 1374 ANTICONVULSANTS 1951 107 49

85 1400 ONCOLYTICS 1992 1 1

86 1479 ANTINEOPLASTICS 1950 219 106

87 1481 ANTIMETABOLITES 1968 3 1

88 1566 GLAUCOMA 1953 63 15

89 1567 CYCLOPLEGICS/MYDRIATICS 1961 28 1

90 1568 OCULAR ANTI-INFECTIVE/ANTI-INFLAMMATORY 1950 203 33

91 1569 OPHTHALMICS, MISCELLANEOUS 1953 35 1

92 1670 OTICS, TOPICAL 1953 28 7

93 1671 VERTIGO/MOTION SICKNESS/VOMITING 1951 261 77

94 1700 RELIEF OF PAIN 1996 2 1

95 1720 ANALGESICS, GENERAL 1954 208 73

96 1721 ANALGESICS-NARCOTIC 1950 204 62

97 1722 ANALGESICS-NON-NARCOTIC 1979 24 6

98 1723 ANTIMIGRAINE/OTHER HEADACHES 1953 25 6

99 1724 ANTIARTHRITICS 1952 225 83

100 1725 ANTIGOUT 1951 51 21

101 1726 CENTRAL PAIN SYNDROMES 1978 11 4

102 1727 NSAID 1959 109 35

103 1728 ANTIPYRETICS 1989 4 3

104 1860 ANTIPROTOZOALS 1953 48 15
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Continued

Obs FDA Classa Therapeutic Class Namea Firstb Pop.c Samp.c

105 1862 ANTHELMINTICS 1953 21 11

106 1863 SCABICIDES/PEDICULICIDES 1957 16 3

107 1864 ANTIMALARIALS 1952 10 1

108 1940 ANTIASTHMATICS/BRONCODILATORS 1951 257 89

109 1941 NASAL DECONGESTANTS 1953 24 12

110 1943 ANTITUSSIVES/EXPECTORANTS/MUCOLYTICS 1951 90 36

111 1944 ANTIHISTAMINES 1950 148 50

112 1945 COLD REMEDIES 1951 104 40

113 1947 CORTICOSTEROIDS-INHALATION/NASAL 1982 8 6

114 2087 UNCLASSIFIED 1950 78 29

115 2095 PHARMACEUTICAL AIDS 1960 45 21

116 2096 SURGICAL AIDS 1950 27 5

117 2097 DENTAL PREPARATIONS 1954 30 7

total 9254 3168

a FDA therapeutic class code and class name from National Drug Code Directory, available at:

http://www.fda.gov/cder/drug.htm .
b First drug in this class since start of the database (Jan 1950).
c Pop. represents the total number of drugs in a particular class approved by the FDA between 1950 and 1998.

Samp. is the drug count for the 35 sample firms.
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