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Abgtract

Exigting sudies on the vaue-relevance of R& D tend to overgtate the R& D benefits and
shed little light on the trade- off between the R& D benefits (mean effect) and their riskiness
(variance effect). This study shows that the variance effect of R&D is on average more
sgnificant than their mean effect in bond vauation. Hence, for creditors, the R&D risk
dominates their benefits. Furthermore, this study documents that R& D measures done explain
approximately 80 percent of cross-sectiond variationsin bond ratings and risk premium. These
findings contribute to the debate over R& D accounting and the bond pricing literature.

JEL classification: C3; G10; G32; M41

Keywords: Benefits of R&D; Riskiness of R&D; Ogption pricing theory; Bond pricing

' This paper is based on my dissertation a the University of Minnesota. | gratefully
acknowledge inva uable guidance from my committee members. Judy Rayburn, Chandra
Kanodia, Matt Mitchell (economics), and Pervin Shroff. | owe specid thanks to Dan Givaly, Art
Kraft (referee #1), Douglas Skinner (referee #2), and Jerry Zimmerman (the editor) for their
congtructive comments on the manuscript. This paper aso benefited from comments of John
Geweke, Jack Hughes, Charles Lee, Baruch Lev, Stephen Penman, Ba Radhakrishnan,
Theodore Sougiannis, Andrew Winton, and workshop participants a Baruch College, the
Univergty of British Columbia, UC-Irvine, UCLA, University of Connecticut, University of
lllinois— Chicago, Lehigh Univerdty, Universty of Minnesota, SUNY — Buffdo, Texas
Chrigian University, and the University of Toronto.

Corresponding author. Tel.: +1-949-824-7017; fax: +1-949-725-2854
E-mail address: cshi@uci.edu (C. Shi).



1. Introduction
Accounting for R&D follows Statement of Financiad Accounting Standards (SFAS) No. 2,

which mandates that R& D outlays be expensed asincurred (the expensing rule, heresfter).
Critics point to evidence that R& D expenditures, on average, generate future benefits (e.g.,
Hirschey and Weygandt, 1985; Cockburn and Griliches, 1988; Bublitz and Ettredge, 1989; Lev
and Sougiannis, 1996); they contend that recognition of vaue-cregting R&D investments as
assetswill enhance the vaue-rdevance of financid statements (Elliott and Jacobson, 1991;
Chamberset d., 1998). On the other hand, the Financia Accounting Standards Board (FASB)
and proponents of the expensing rule are more concerned with the measurement error of
expected R& D benefits resulting from the high degree of uncertainty in R& D outcomes, they
argue that recognizing such unreliable and noisy estimatesin the financid statements may
midead investors and creditors (e.g., CFO, February 1999, p. 30).

The debate about the aternative accounting trestments of R& D investments reflects trade- offs
between the future benefits of RD and its riskiness. In generdl, if the uncertainty regarding
future benefitsis not so high that it disqudifies the measurability criterion of asset recognition,
then one may argue in favor of capitaizing R& D expenditures (asistypica for tangible
investments). Conversdly, if future outcomes are risky and unpredictable, the expensing

treatment may be warranted.?

! Statement of Financial Accounting Concepts No. 6, Elements of Financial Statements (1985), defines two asset
recognition criteria: atransaction is qualified for asset recognition only if (1) the transaction will generate future
benefits, and (2) the future benefits can be quantified with areasonable degree of precision. The measurability
criterion is adversely affected by the uncertainty associated with the future benefits.

2 Concern over the uncertainty of R&D benefitsis used by the FASB in support of the expensing rule. (See par. 39
and 40 of SFASNo. 2.)



The extant R&D literature generdly has focused on the benefits agpect of R&D by examining
the relation between R&D variables and equity vauation, that is, the value-relevance of R&D.3
Researchers have interpreted the Sgnificantly positive association between R& D constructs and
stock prices/returns as evidence that R& D investments do generate net future benefits (e.g.,
Hirschey and Weygandt, 1985; Cockburn and Griliches, 1988; Bublitz and Ettredge, 1989; Lev
and Sougiannis, 1996). This interpretation, however, is questionable because the benefits and the
riskiness of R&D have impactsin the same direction on the equity vauation of levered firms
(Merton 1973, 1974). In other words, an increase® in the uncertainty of future cash flows thet is
attributed to R& D investments will increase the stock price, even if the expected future cash
flows remain unchanged. Hence, the existing equity-based research tends to overstate the
expected future benefits of R&D.® Furthermore, the existing literature primarily examines R& D
bendfits, and, thus, sheds little light on the benefit-risk trade-off.

This paper contributes to the R& D literature by assessing which effect dominates, the future
benefits of R&D or itsriskiness, in the context of the bond market. The advantage of using the
bond market setting for this assessment is that, in contrast to their same directiona effects on
equity vaue, changes in the mean and the variance of future cash flows from investments affect
bond prices in opposite directions (Merton 1973, 1974). This offsetting feature of mean and

variance effects on bond vauation provides a unique setting to estimate the trade- off between the

3 A notable exception is Kothari et al. (2002). Their paper assesses the uncertainty of future earnings from R&D
investments relative to that from PP& E and shows that the future benefits of R& D are indeed much riskier than
those of tangible investments.

““Increase” and “unexpected increase” are used interchangeably hereafter with an understanding that only
unexpected changesin the R& D benefits and their riskiness will change equity/bond prices.

® According to the estimates of Sougiannis (1994), aone-dollar increase in R&D expenditures results in a two-
dollar increase in earnings and afive-dollar increase in market value. To the extent that accounting earnings capture
the expected future benefits of R& D, Sougiannis's finding supports the argument that inferred R& D benefits using
equity market valuation (five dollars) are likely to be overstated with respect to the true underlying future benefits of
R&D (two dollars).



benefits and risks of R&D investments. Specifically, an increase in the mean of future cash flows
arisang from the firm's investments increases the vaue of the firm’s bonds by reducing the
probability of default. On the other hand, an increase in the variance of future cash flows
decreases the vaue of the firm’'s bonds by increasing the probability of default (see section 2 for
more discusson). Relying on the implications of this theory, | examine the associations among
bond risk measures and R& D investments to determine whether their mean effect (expected
future bendfits) or their variance effect (riskiness) is more sgnificant in pricing bonds. In

generd, from the perspective of bondholders, a negative correlation between bond risk
parameters and R& D investments would indicate a stronger mean effect; that is, the expected
future benefits of R& D investments are more than enough to compensate for the added risk of
R&D. Conversaly, a pogtive corrdation would imply a stronger variance effect that swvamps the
mean effect of future benefits from R&D investments.

The bondholders perspective isimportant for two additiona reasons. First, creditors are one of
the key constituents served by financia reporting.® However, no research has been conducted, to
my knowledge, on bondholders assessments of R& D investments. Second, among the three
primary externa financing channels— the issuance of bonds, common stocks, and preferred
stocks, the bond market remains the most significant externd financing channd.” Given the
sgnificance of debt financing to the U.S. economy, the perspective of bondholders on R&D
investments should be an important consideration in setting accounting standards and in

disclosure regulations.

® The primary objectives of financial reporting are to “ provide information that is useful to present and potential
investors and creditors and other usersin making rational investment, credit and similar decisions.” (Statement of
Financial Accounting Concepts No. 1, par. 34).

” For example, proceeds from the issuance of bonds constitute 87.1 percent of the total three offeringsin the 1938
—1941 period, and the share of bond financing continues to be above 80 percent in the 1990 — 1993 period
(Anderson et a., 1994).



Based on asample of 132 new issues of industria bonds issued between 1991 and 1994 by
firmsin five R& D-intendve indudtries, this sudy documents significantly postive
contemporaneous correl ations between R& D investments and both bond default risk (proxied by
Moody’ s bond ratings) and risk premium, controlling for other common bond risk determinants.
This result remains unchanged when the sample is augmented by bonds issued in the late 1980s
or by bonds issued for firmsin non-R& D-intensve industries. In addition, the results are dso
robust to aternative mesasures of the firm’sinvestmentsin R&D.

These findings suggest that, from the viewpoint of creditors, the adverse effect caused by the
high volatility and uncertainty (the variance effect) of the firm’s R&D activities outweighs, on
average, the favorable impact of the firm vaue increments (the meen effect). That is, even when
the expected mean vaue of the firm’s R&D outlaysis positive, it may not necessarily overcome
the huge variance of the future cash flows. Therefore, for creditors, R& D expenditures reflect
less asset-like characterigtics but more risk atributes. This result contrasts with the implications
of equity-based studies that suggest equity investors consider R& D investments as assets (e.g.
Lev and Sougiannis 1996).

While the results are not sengtive to the choice of the dternative R& D measures, the R&D
variables congructed from multi-year observations demondirate incremental power over the
naive R& D measure — annud R&D expenditures — in explaining bond risk premium. Moreover,
this study documents that the trade- offs between the benefits and risks of R&D vary across
indugtries, implying differential impacts of R&D investmentson bond risk measures.

Findly, this paper contributes to bond pricing literature in finance by examining the role of
R&D variables in bond ratings and risk premium. Investment in R& D aone explains

approximately 80 percent of cross-sectiond variaionsin bond ratings and risk premium.



Inclusion of other bond risk determinants does not gppear to dampen the significance of the
coefficients of R&D investment. This evidence demondtrates that R& D variables, overlooked by
the bond literature, play a crucid role in bond vauation. Furthermore, since the R& D congiructs
turn out to be correlated with some of the common bond risk determinants, inclusion of R&D
variablesin bond pricing models mitigates the problem of correlated omitted variables.

The remainder of the paper is organized as follows. Section 2 discusses option pricing theory
and itsimplications for the paper’ s research design. Research methodology islaid out in section
3. The sample selection gppearsin section 4. The empirica results are presented in section 5.
Section 6 contains concluding remarks.

2. Option Pricing Theory and ItsImplicationsfor Research Design

This section explains the differential impacts of afirm's R&D investment on its equity and debt
vauation using an option pricing theory framework. Then the implications of thistheory for the
paper’ s research design are discussed. Suppose that alevered firm undertakes an R&D project
that is expected to result in an increase in the mean of its future cash flows digtribution. Doing so
aso increases the variance of its expected future cash flows distribution due to increased
uncertainty resulting from the risky R&D investment. Option pricing theory sipulatesthat a
change in the mean of the future cash flows affects the vaue of equity and debt in the same
direction. However, the change in the variance of the cash flows distribution impacts the vaue of
equity and debt in opposite directions (Merton 1973, 1974).

Intuition for the opposite variance effects stems from the combination of two factors. Firs, the

owners of the firm, who have aresdud dam to the firm, benefit from alarge payoff if the

8 The option pricing theory which guides my research design and interpretations of the regression resultsis
applicable not only to R& D investment but also to other investments, including relatively low-variance projects such
as PP&E. For additional applications of option pricing to securities valuation, see Cox and Rubinstein (1985) and
Barth et a. (1998). | thank the referee for providing the references and pointing out the need to state the general
applicability of the option pricing theory.



investment pans out. However, if the project turns sour, the owners may not be responsible for
the whole loss because of alimited lidbility provision protecting the owners. Therefore, owners
have an incentive to undertake riskier projects a the expense of debt holders. Rationa

bondhol ders recognize the stockholders' incentives to engage in risk-enhancing projects after the
bonds are issued. Therefore, risk premiums charged by bondholders reflect their anticipation of
subsequent wedth transferring actions by stockholders. Since the agency costs of debt are borne
soldy by the stockholders, it would pay the stockholders to offer the bondholders covenants
restricting their own future wedth-transferring ability (Jensen and Meckling, 1976; Smith and
Warner, 1979).° Bonds are valued at prices commensurate with bondholders' anticipation of the
weslth-transferring capability of R&D investments and with restrictions on such investments
imposed by bond covenants.

The option pricing framework provides a theoretical foundetion for R& D-related empirical
research. Since both the mean and variance of future cash flows from R& D invesments have
impacts in the same direction on stock prices, prior research that associated R& D variables with
equity metrics to make inferences about R& D future benefits overestimates the vaue of these
benefits.

In contrast, the mean and variance effects in bond vauation operate in the opposite direction.
This makes the bond market a unique setting for the investigation of a fundamenta question

underlying the on-going debate on R& D accounting: Isit the future benefits or the riskiness of

®Covenants restricting dividend distribution, financing decision, and investment policy are typically specified in
terms of accounting numbers such as leverage, net worth, timesinterest earned and profitability ratios. Direct
restrictions on the stockholders' R& D investment decisions are rarely observed in practice (as a check, | examined
bond covenants for eight issuers randomly selected from my sample, and found no such covenants) for a couple of
reasons: First, the task of writing and enforcing such a contract is not only difficult but also very costly (Jensen and
Meckling, 1976). For example, it is very difficult for the outside bondholders to compare the riskiness of two
pipeline drugs. Hence, simply limiting the amount of R& D expenditures does not offer effective restrictions on the
riskiness of projectsthat the firm can undertake. Second, acovenant can be written in away to serve asimilar
function by linking the firm’'s financing and investment policy to observable accounting numbers, making it easier
and |ess expensive to enforce (Smith and Warner, 1979).



R& D that dominates in bond pricing? This question is examined operationdly by regressing
bond risk proxies on R& D measures, after controlling for other determinants of bond risk.
Generdly, aggnificantly positive association between the R& D measures and the bond risk
proxies would imply that, from the bondholders point of view, R&D risks dominate R& D
expected future benefits, whereas a Sgnificantly negetive association would indicate that the
favorable impact of the firm vaue increments from its R& D projects outweighs the adverse
effect of R&D uncertainty.

3. Research Methodology
To investigate how the expected future benefits and riskiness of R&D investments are priced in
bond vauation, the following system of two linear equations is examined:

Bond Rating i, 1+1 = f (R&D Measures; 1, Other Bond Risk Determinant Set 1) 1
Risk Premium ;, ¢+1 = f (R&D Measures; 1, Other Bond Risk Determinant Set 2 ¢) 2

where subscript i denotes bond issue, and subscriptst+ 1 and t indicate that dependent variables
take values which are one year ahead of those of independent accounting variables. Thisis
because bond premium and ratings are affected more by past accounting information than by
current accounting information (Ederington and Y awitz 1986).

The R&D coefficientsin the equations above reflect the bondholders assessment of the
relative mean and variance effects of R& D investment on bond risk measures — bond rating and
risk premium. The firm’'s R& D investments cause changes in the mean and variance of its future
cash flows. In turn, the mean and variance effects affect the probability of bond default in
oppositedirections. Since bondholders rationdly incorporate the mean and variance effectsin
bond pricing, one should expect bond rating and risk premium to vary cross-sectiondly asa
function of these effects. Further, prior research showsthat R& D investments are, on average,
positively associated with the risks and benefits of R&D (e.g., Sougiannis 1994; Chan et al.

2001). That is, R&D investments vary cross-sectionaly with, and hence reflect, the mean and



variance effects of R&D. Therefore, the sign of the R& D coefficients estimated from the
regressions (1) and (2) indicates the net off- setting impact of the riskiness and benefits of R& D
on bond vauation.

Although bond rating and risk premium are two highly correlated bond risk measures, | choose
to use both variables as dependent variables for two reasons. Firs, the use of two equations
dlows a cdlearer undergtanding of the role of R&D investment in determining the risk premium.
Theoreticdly, the extent of R& D investment should affect the default risk and, through it, the
risk premium. The two-equation mode reflects this notion. The first regresson (in which the
bond rating is the dependent variable) is needed because it establishes that R& D investment
affects default risk (as captured by bond rating). It further indicates the importance of R&D
investment and other accounting measures as determinants of default risk. These measures are
then used collectively to represent default risk (bond rating) in the premium regresson. The
second reason for presenting two regressions, despite the high correlation between bond rating
and risk premium, is that both variables are of considerable interest to academic researchers and
practitioners. This interest apparently accounts for the use of both variables in many bond studies
(e.g., Ziebart and Reiter, 1992; Sengupta, 1998).

The disturbance termsin equations (1) and (2) are likely to contain common unspecified
factors. For example, macroeconomic shocks, such as a change in a government monetary
policy, affect both default risk and risk premium. Estimating the above two equations
smultaneoudy accommodates the possibility thet the error terms of the two equations are
contemporaneoudy correlated and improves the efficiency of parameter estimates. The results

from Lagrange multiplier tests, discussed in section 5, indeed show a significant corrdation



between the error terms of the two equations. Therefore, to improve estimation efficiency, the
andyses are carried out using the seemingly unrelated regressions (SUR) modd in place of OLS.
3.1. Dependent Variables

The dependent variable in equation 1, bond rating (RATING), is measured by integer vaues 1
through 5 representing Moody’ sratings of Aaa, Aa, A, Baa, and Ba and below, respectively.
Following the classic bond paper by Fisher (1959) and recent studies such as Reiter (1991), |
gauge the risk premium (PREM, measured in basis points) as the difference between the yield to
maturity on industria bond and the daily average of the constant maturity yieldson U.S.
Treasury bonds of comparable maturity on the issuance date. If an industrial bond cannot be
matched with a Treasury bond with the exact same maturity, a benchmark Treasury bond yield is
congructed by linearly interpolating the yields of two adjacent Treasury bonds with maturity
closest to the corporate bond maturity.
3.2. R&D Constructs

The variable of interest in this sudy isthe firm’'s R&D investments. Four different R&D
proxies are employed: annua R& D expenditures (RD1), the summation of past five-year R&D
expenditures (RD2), the R& D asset estimate based on capitaization of R&D and afive-year
draght-line amortization (RD3), and the R& D asset estimate based on capitalization of R&D
and industry-specific amortization schedules (RD4). The industry-specific amortization
schedules are those developed by Lev and Sougiannis (1996) who use the same industries as

those in this study.™® To control for size, dl RD variables are scaled by year-end market value of

equity.

10 The specific amortization period for RD4 ranges from five yearsin the Scientific Instruments industry to nine
yearsin the Chemical and Pharmaceuticsindustry, with varying rates of annual amortization. For example, the
estimated R& D asset of afirm belonging to the Scientific Instruments industry is amortized over five years (the



3.3. Other Bond Risk Determinants

The sdlection of control variablesis based on the literature on bond premium and ratings (e.g.,
Fisher, 1959; Ziebart and Reiter, 1992; Sengupta, 1998). The determinants of bond premium
typicaly include (1) default risk variables proxied by accounting information, (2) issue
characteristics of maturity, call provison, convertibility and subordination status, and (3)
macroeconomic conditions such as the effect of the business cycle. Specificaly, the control
variables used for the risk premium equation and the hypothesized ssign of their respective
coefficients are presented below:
Default risk:

DE = Ratio of long term debt to book vaue of equity. The higher thisratio, the higher the
default risk and bond premium.

PROFIT = Net income to net sales. Profitability is expected to be negatively correlated with
default risk.

TIMES = Income before interest expense divided by interest expense. Times interest earned
ratio is expected to be inversaly associated with default risk and bond premium.

LOGASSET = Log of totd assets. Firm Size proxies for default risk and bond marketability.
Larger firms are expected to have lower default risk and hence lower risk premium.

| ssue Characterigtics:

LOGMAT = Log of yearsto maturity. The longer years to maturity, the higher interest rate
risk exposure. Hence, this variable is expected to be positively correlated with risk
premium.

LOGSIZE = Log of issue sze. This variable may be viewed as a measure of marketability,
and is expected to be inversdy corrdated with risk premium. On the other hand, the
larger a bond issue size, the higher the debt burden, hence, the higher the probability of
default. Therefore, the impact of issue Size is ambiguous.

CALL = Yearstofirg cal over yearsto maturity. Cal provison exposes bondholders to
interest risk. Lower cdl ratio impliesahigher leve of cdl protection to the issuer and

expected useful life of the R&D benefits) at avarying annua rate of 14%, 21%, 24%, 24%, and 17% from year 1 to
year 5, respectively. (See section 3 of Lev and Sougiannis, 1996 for further details.)

10



hence higher interest risk exposure to bondholders. This variable is expected to be
negatively associated with risk premium.

CONV = 1 for convertible bonds and 0 otherwise. Other things equal, convertible bonds
result in lower risk premium. This variable is expected to be negatively corrdated with
risk premium.

SUBO = 1 for subordinated bonds and 0 otherwise. Subordination status is expected to be
associated with higher bond premium.** This variable is expected to be positively
associated with risk premium.

Macroeconomic Conditions:

ECY C = Average yiddd on Moody’ s Aaa bonds for the month of issue less average yield on
30-year U.S. Treasury bonds for the month of issue. This variable is intended to control
for the time-series variation of risk premiums over the economic cycle. Thisvariableis
expected to have a positive association with bond premium.

Regarding control variables for the bond rating equation, the same set of four accounting
variables used in the risk premium equation to gauge the probability of default risk isincluded.
Prior studies aso find bond maturity, issue Sze and subordination status important in explaining
ratings (e.g., Ziebart and Reiter, 1992; Sengupta, 1998). LOGASSET is replaced with log of
year-end market vaue of equity (LOGMVE) as afirm Sze measure in the rating equetion. This
manipulation is intended to ensure that the regressorsin RATING equation are not a subset of
those in PREM equation, taking full advantage of the efficiency gain of the seemingly unrelated
regressons modd (Conniffe, 1982). In addition, since the sample bonds were issued from 1991
to 1994, year specific indicators are introduced in both RATING and PREM equations to
acocount for the time-series effects.

3.4. Regression Models

The primary verson of the two modds used in the anadlysisis.

93
= § a,YR, +a,RD (k), +a,DE, +a,PROFIT, +a,TIMES, +a,LOGMVE

t=90

RATING

it+l

Y Thisvariableis dropped from PREM (risk premium) equations because it happens to be highly correlated with
CONV for my sample. The Pearson correlation coefficient between the two variablesis 0.962.
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where RD(k), k=1, 2, 3, and 4, denotes four different R&D congtructs.

One common reservation about using linear probability models in bond rating studies has to do
with the fact that the approach assumes that the average qudity difference between any two
adjacent ratings, such as Aaand A, isthe same as that between any other two adjacent ratings,
such asBaaand Ba Severa studies compare the performance of the linear probability mode
and the probit modd (e.g., Kaplan and Urwitz 1979; and Noreen 1988). Their results show that
the conceptually superior probit modd performs no better than the smpligtic linear probability
model in terms of rating prediction. Furthermore, an important problem with gpplying the
ordered probit modd is ambiguity in interpreting the coefficient Sgns, because the directiond
margind effects of changesin regressors are not dways the same as the coefficient sgns
(Greene 1993). Hence, after comparing the pros and cons of aternative models in relationship to
the nature of this study, | choose to use the linear probability model. Modd specification tests
reported in section 5 support the choice of the linear probability model.

3.4.1. Assessing Incremental Explanatory Power of Multi-year R& D Constructs
Asexplained in section 3.1, four R& D congtructs are used as independent variables. Recdl that
RD1 isthe annual R&D expenditures, while the other three measures, RD2, RD3 and RD4, are
formed from multi-year observations. R& D expenditures presumably generate value- cregting
economic assets whose benefits are long-lived, rather than limited to one year asimplied by the
angle-year R& D measure. For example, the average R& D payoff periods for my sample range

from five years in the Scientific Instruments industry to nine years in the Chemica and



Pharmaceutics industry (based on the estimates of Lev and Sougiannis, 1996). The multi-year
R& D variables recognize and reflect thislong-lived nature of R& D investment, resulting in the
greater precison of these variables over the Sngle-year (naive) measure as the estimates of the
economic asset arigng from the firm’'s R& D investment. Hence, | hypothesize that these multi-
year variables are potentially more informative than the sngle-year R& D congruct in explaining
bond risk measures.

Since these R& D variables are highly correlated, their joint appearance as regressors cregtes a
severe multicollinearity problem. To circumvent this problem, atwo-gsage etimation is
employed. In thefirg stage, the following auxiliary regression is estimated. Specificaly, each of
the three multi-year congtructsis regressed on RD1 using an OL S estimation:

RD (k),, =a (k) + b(k)RDL, , + mk),, ©)]
wherek = 2, 3, and 4. Hence, the corresponding error terms are orthogonal to RD1 and capture
potential excessinformation of RD (k) over RD1. In the second stage, the fitted vaue of the

error terms, k), is added to the following regressons.

93
RATING, .., = § a,YR, +a,RD1, +a,,mK), +a,DE, +a ,PROFIT, +a TIMES, +a ,LOGMVE
t=90

+a,LOGSIZE, ,,, +a,LOGMAT, ,, +a,SUBO, .., + &, (6)

3
PREM .., = 5 buYR; +b,RD1L, +b, m(k), +b;DE; +b,PROFIT , + b TIMES ; + b LOGASS
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+b,LOGSIZE, ., + b,LOGMAT, ,, + byCALL, ., + b,xCONV, ,,, + b, ECYC, ;, +e (7)

The coefficients of (k) gauge the incrementa explanatory power of the individua multi-year
congtructs over RD1.
3.4.2. Discriminative Feature of Lev and Sougiannis (LS) Measure

Among the dternative R& D congtructs, the LS measure (RD4) is the only one thet reflects the

variationsin the economic useful life spans of R& D across indudtries. This digtinctive

13



characterigtic of the L'S measure enables discrimination between firms from different industries
and dlows researchers to assess the differential impacts of the firms R&D activities on the bond
risk parameters. The sampleis partitioned into two sub-groups based on the useful life spans
(long and short) of R&D. The industry-specific R& D usgful lives are determined by the
amortization schedulesin the sense that the quicker the amortization rate, the shorter the R& D
life. Specificdly, | sum up the three most recent amortization rates of each industry, and then use
the median of the summeations as a cutoff to form the two below and above the median sub-
samples. | hypothesize that the smdler the summations of the annua amortization rates, the
longer the useful life of R&D, the longer it takes to derive R& D benefits, hence the more risky
the future benefits of R&D.*? The resulting sample of long useful life spans consists of 65 bonds
with SIC codes of 28 and 37 (Chemicas and Pharmaceutics, and Transportation Vehicles). The
remaining 67 bonds with SIC codes of 35, 36 and 38 (Machinery and Computer Hardware,
Electricd and Electronics, and Scientific Ingruments) form the sample of short useful life spans.
To test the differentia impacts across the two sub-samples, acategorica variable (CV) is added
to the regression equations (3) and (4). CV is set equd to one for the sample of long useful life
gpans and zero otherwise. The categorical variable is dso dlowed to interact with the RD4
variable. A sgnificantly postive coefficient on the dope interaction term (CV*RD4) would
suggest that the risk and uncertainty of R&D is higher for R& D investments with longer useful

life gpans, indicating the LS measure does have discriminaive power.

12 For example, R&D projects which take longer to derive their benefits are more likely to expose the investing
firm to competition from new technological advancements or the introduction of a better competing product.
Further, this argument implicitly assumes an equal expected rate of return on investment acrossfirms. This isa
plausible assumption because economic theory suggests that, in a competitive economy, resources are allocated such
that investment projects earn the same competitive rate of return in equilibrium.

14



4. Sample Selection

This sudy examines five R& D-intensve indudtries with two-digit SIC codes of 28, 35, 36, 37
and 38 asused inthe LS paper. Theinitia sample condsts of 3,946 firm years available on the
Compudtat files, dating from 1990 to 1993 with the desired SIC codes and accounting
informetion required to estimate firm-gpecific R& D variables and to construct the control
variables specified in the previous section. Then, each firm in yeer t is checked againgt new
industria bond issues of year t+1 as published in Moody’s Bond Survey. If afirm had multiple
isuesin agiven year, only thefirst issue of that year isincluded. The matching processyields
134 new bonds. Two issues are dropped due to lack of year-end price information. Thefind
sample comprises 132 new bonds issued by 81 firms from 1991 to 1994.:

Limiting the sample to new bond issues reduces the sample sze. However, asample of new
bond issues has advantages over seasoned bonds: information on bond yields and ratings is up-
to-date, and common problems associated with use of seasoned bonds, such as infrequent
trading, lack of bond pricelyidd data, and lagsin rating revisions, are avoided.

Offering yields and bond ratings on the issuance date are collected from Moody’s Bond
Survey. Information on the congtant maturity yield on U.S. Treasury bonds is retrieved from the
Federal Reserve Board of Governors Statistical Release.

5. Empirical Results
5.1. Descriptive Satistics

Panel A of Table 1 provides the industry composition of bond issues and industry means of

some key variables: bond premium, bond ratings and four R& D congructs. The number of bonds

included in each indudtry varies from 15 for Scientific Insruments to 48 for Chemicas and

13 The sample is smaller than those used by typical equity-based studies, but it is comparable in size to the samples
used in recent bond papers. For instance, Sengupta (1998) contains 114 new bond issues from 1987 to 1991.
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Pharmaceutics. Except for Trangportation Vehicles, the R& D measures of the other four
industries have comparable vaues. For example, the LS measure (RD4), normalized by year-end
market vaue of equity, fluctuates around 20 percent, while the Trangportation Vehicles industry
has an average value of RD4 up to 52 percent of the market value of equity. A amilar patternis
aso observed for average risk premiums:. Transportation Vehicles show the highest risk
premiums of 127.71 basis points, yet the other indugtries vary within arelatively narrow range
from 58.5 to 80.6. There are few variations in average bond rating across indudiries. Since the
five indudtries have different R& D investment strategies, the risks and uncertainties associated
with the R& D projects vary among the industries. One would therefore expect that the cross-
sectiond relationships among the bond risk measures and the R& D variables to be different.
Later anadysisin section 5 shows that indeed there are differentiad associations across the
indugtries.

[Table 1]

As shown in Panel B of Table 1, each sample year (1991 to 1994) had approximately 40 issues
except for 1994, which had only 13 issues. A sharp declinein bond issuesin 1994 was likely
attributable to an increase in expected borrowing costs because long-term interest rates increased
asthe U.S. economy started to recover from the recession of the early 90s.

Both risk premium and ratings generdly follow a steadily increasing pattern over time, while
the R&D variables are quite stable over time. Y ear dummies are built into the model s to control
for time-series effects.

[Table 2]
Descriptive atigtics for selected variables are given in table 2. There is substantia cross-

sectiond variahility of risk premium and bond ratings around the medians of these variables of
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78.3 basis points and A rating, respectively. The four R& D congtructs dso have considerable
variation. For ingance, RD4 ranges from the 25% quartile of 9 percent to the 75% quartile of 26
percent. Sufficient cross-sectiona variations in the R& D measures are critical to detect the
impact of the variables and to increase the power of my andyss. Size measures indicate that the
sample conggts of large firms with median reported total assets and the market vaue of equity of
6.1 billion and 4.4 billion, respectively. The relatively large size of the sample firmsis likely due
to the fact that reliance on public debt is more pronounced among large firms**
5.2. Association of Bond Risk Measures with R& D Constructs

To dlow for the possibility thet the error termsin RATING and PREM equations may contain
the same unspecified factors, both equations are estimated jointly using the seemingly unrelated
regressions (SUR) modd. To check the correlation between the error terms of RATING and
PREM eqguations, Lagrange multiplier tests are employed. The Lagrange multiplier satistics for
the modds, distributed as chi-squared with one degree of freedom, are dl sgnificant a the
conventiond leve, suggesting that the SUR improves estimation efficiency relativeto OLS.

While SUR andyss dlows error terms of the two equations to be contemporaneoudy
correlated, each equation gill hasto satisfy classca OLS assumptions. Since a panel data set is
employed in this study, atypica violaion of the OLS modd is heterogeneity across
observations. The White (1980) tests conducted for each equation reveal no sgnificant

heteroscedadticity and suggest that the linear specification for both models is reasonable (see

4 Firms from the same five R& D-intensive industries that did not issue bonds in the sample period 1991 to 1994
have median total assets and market value of equity equal to $37.2 million and $41.6 million respectively, much
smaller than those for the firms that issued bonds. Moreover, the non-bond issuers are al so | ess profitable than the
bond issuers, asindicated in profitability (net income over sales) of two percent for the non-bond issuers as opposed
to four percent for the issuers.
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White 1980, p. 823), hence judtifying the use of linear probability mode in place of nonlinear
ordered probit modd for RATING equations.

Table 3 summarizes the SUR reaults for the association of annud R& D expenditures (RD1)
with bond ratings and premiums for the cases of no control variables, partia controls and full
controls. The purpose of reporting comparative resultsis to highlight the importance of the
variable of interest (RD1), which is aosent from the extant bond literature, in explaining bond
risk parameters. As shown by the table, RD1 aone, without any other bond risk determinants as
regressors, can explain gpproximately 80 percent of cross-sectiond variaions of bond ratings
and bond risk premium. Adding risk determinants that are used by previous research to explain
default risk or bond ratings does not diminish the sgnificance of the R&D varigble. In fact, the
coefficients on RD1 become more significant for both RATING and PREM equations. In other
words, RD1 does not appear to subgtitute for the traditional explanatory variables. The
sgnificant F statitic provides corroborative evidence that RD1 does have incremental
explanatory power over the commonly documented bond risk determinants.

[Table 3]

Controlling for al other bond determinants, the SUR estimation yields the coefficientsof 2.31
(p-value=0.005) and 284.95 (p-vaue=0.01) for the variable RD1 in the RATINGand PREM
equations, respectively. To make some economic sense of these coefficients on RD1, consider
the PREM equation with full controls. Recdl from Table 2 that the mean of bond issue Sizeis
$233 millionand that the mean and standard deviation of RD1 are 0.08 and 0.07, respectively.
Thisimplies that a sample firm with an average level of R&D intensity pays arisk premium of

22.8 (284.95*0.08) basis points. Further, a change of one standard deviation in R&D intensty is
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associated with a change in bond premium of 20 (284.94*0.07) basis points. For afirm with an
average bond size of $233 million, an increase in risk premium by 20 basis points would result
in goproximately half amillion dollars of additiond interest expense per annum.

The sgnificantly postive coefficients of RD1 imply that the adverse effect of R&D riskson
the probability of bond default more than offsets the favorable impact of R&D benefits. Hence,
creditors appear to regard R& D investments less as assets but more as risk proxies. Moreove,
firm sze measures (LOGMVE and LOGASSET) are Sgnificantly negatively corrdated with
RATING and PREM, which is conagtent with larger firmstypicaly having lower default risk
and paying lower risk premiums. The negative coefficient of LOGASSET (total reported assets
primarily condsting of tangible assets) aso suggests that, in contrast to R& D investments, future
benefits from tangible investments dominate their variance effect.'® The coefficients of the other
three accounting variables proxying for default risk, DE, PROFIT, and TIMES, have the
expected signs. However, only debt-to-equity (DE) in PREM equation is Sgnificant. In generd,
the other control coefficients have the expected directiond effects. The system weighted R is
0.95, comparable to those documented in prior bond studies, such as Ziebart and Reiter (1992).1°
R& D measures are often used as proxies for investment opportunity set (10S). 10S affects firm

leverage. As aresult, the main finding of this paper — the stronger risk effect of R&D — may

15 Note that LOGASSET represents both a size effect and a tangible-assets effect. To better assess the impact of
tangible assets on bond default risk, | use theratio of the sum of cash, inventory, and net PP& E to total assets, all
measured at year-end balances. This variable gauges how much percentage of afirm’s assets come from tangible
components. Analysis adding this new construct indicates that the coefficients on this new tangible variable have
values of —1.08 (p-value=0.03) and —71.15 (p-value=0.31) for RATING and PREM equations, respectively. When |
use only cash, the “hardest” component of tangible assets, in the numerator of this new construct, the coefficients
become significant at levelsless than five percent for both RATING and PREM equations.

16 Asacomparison, RATING and PREM equations are separately estimated using OLS. Theresults are
qualitatively similar. However, concurring with the notion that SUR improves estimation efficiency when the errors
terms of the two equations are correlated, some of the coefficients from the SUR estimation have higher significance
levels. For instance, as to PREM equation, the OL S coefficientson RD1 and LOGASSET are 257 (p-value of 0.03)
and -12.8 (p-value of 0.07) as opposed to 285 (0.01) and—15.8 (0.03) from the SUR estimation. Moreover, the OLS
adjusted R?s for PREM and RATING equations are 0.60 and 0.97 respectively. These numbers arein line with those
reported in other bond studies (e.g., Fung and Rudd, 1986; Ziebart and Reiter, 1992; Sengupta, 1998).
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reflect the fact that firms with more growth options are viewed as more risky by bond investors.

To check the vdidity of the main finding, | re-run the regressions (3) and (4) by including an

|OS proxy. Two alternative 10S proxies, the price-to-earnings ratio and market-to-book ratio, are
used. The R&D coefficients remain sgnificantly positive with magnitudes comparable to those

R& D coefficients estimated without the additiond 10S proxies. The result aleviates the concern
that the net risk effect of R&D is potentidly attributable to the higher perceived risk of growth
options.

Regressons usng three multi-year R& D congtructs instead of annua R& D expenditures yied
smilar results (not tabulated), indicating that the findings are not sendtive to the choice of R&D
edimates. Thisis not surprisng given that pair-wise correlation coefficients between the four
R& D condructs are greater than 0.95 with a significance level of 0.0001.

[Table 4]

Prior research shows that investors gppear to adjust reported accounting numbers to reflect an
R&D assat in equity vauation (e.g., Lev and Sougiannis, 1996; Chambers et a., 1998). To
incorporate the possibility that investors make asmilar adjustment in pricing bonds, | rerun
regressions (3) and (4) with adjusted accounting numbers. The adjustments are made by first
computing as-if earnings and R& D assets assuming that R& D were capitdlized. Then the four
accounting variables (DE, PROFIT, TIMES, and LOGASSET) are adjusted for the as-if earnings
and R& D assts. Table 4 reports the results of SUR estimation when the four accounting
variables are congtructed assuming that the bond market capitalized R& D using the LS
amortization schedules. The magnitude and significance levels of RD4 are smilar to those
obtained when the unadjusted accounting variables are used. Therefore, the results are robust

with respect to adternative accounting trestments of R& D expenditures.



5.2.1. Correlated Omitted Variables

The decision to issue bonds and undertake R& D projectsis endogenous and may be impacted
by some factors that are not fully controlled by the bond risk determinants in the bond vauation
modd of equations (3) and (4). If this were the case, the R& D variable would be correlated with
the error terms. The regression equations (3) and (4) would yield inconsistent and biased
edimates of the R& D coefficients. To gauge the effects of potentially correlated omitted
variables, the insrumental variable method is employed. (For expostiona brevity, only the
results usng RD4 are reported.) Following LS (1996), | select as the instrumentd variable for
each firm-specific RD4 the industry RD4, computed for each firm year as the average RD4 of all
other firmsin thefirm’'s 2-digit SIC industry. Industry average R&D investments are likely to be
unaffected by firm idiosyncratic shocks (e.g., a corporate governance overhaul), thus reducing
their corrdation with the resdua terms of equations (3) and (4). At the same time, this
ingrumentd varidbleis highly correlated with the firm-level R& D (for adetalled discusson on
suitability of the industry average R&D as an indrumenta varigble, see LS, 1996, p. 113-114).
To apply the insrumenta variable method, | first regress each firm’'s RD4 againg its 2-digit
indugtry average, IND_RD4, yidding the following results.

RD4;;=0.061 + 0.673*IND_RD4;

(8)

The above regression has 132 observations and produces an adjusted R? equal to 0.26. Both the

dope coefficient and the adjusted R are comparable to those reported in the LS paper. The Sope

coefficient isSgnificant at the leve of less than one percent, indicating thet the insrumenta

variable isindeed highly corrdated with RD4.
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Based on the estimates from (8), | calculate the fitted vaue of RD4, HTTED_RDA4, whichis
then subgtituted for RD4 in the SUR equations (3) and (4). The regression results are tabulated in
Table5.

[Table 5]

Asindicated in Table 5, the coefficients of FHITTED_RD4 remain sgnificantly postive, taking
values of 0.99 (p_vaue = 0.04) and 243.19 (p_value = 0.002) for RATING and PREM
equations, respectively, with a system weighted R equal to 0.95. Overall, the use of the
insrumentd variable generates results quditatively smilar to those obtained from the SUR
estimations of equations (3) and (4). Therefore, the findings dleviate the concern that the SUR
models suffer from the problem of corrdlated omitted variables’

5.2.2. Generalizability of the Results

Finance theories suggest that R& D-intensive firms generdly do not use debt financing as often
aslow-R&D or non-R&D industries (Jensen and Meckling, 1976; Harris and Raviv, 1991).%8
Thisraises the question of whether the findings based on the sample of R& D-intensive firms thet
issue bonds are generdizable to bond issuersin other industries.

To address this question, | expand the number of industries examined. Specificdly, | add new
bondsissued from 1991 to 1994 by dl other indudtries, excluding financid inditutions, regulated

utilities, and public adminigtration. This results in a supplementary sample of 447 bonds

YThisisfurther corroborated by the Hausman test, which failsto reject the null hypothesis that RD4 is
contemporaneously uncorrelated with the residual terms of equations (3) and (4).

18 There are other considerations that give R&D firms an incentive to favor debt to equity. Myers and Majluf
(1984) show that the use of equity to finance new projects results in underinvestment due to information
asymmetries between firm insiders and prospective investors. The underinvestment issue can be mitigated if the firm
finances their new projects with internal funds and/or debt (a“pecking order” theory of financing). The theory
suggests that, to the extent that R& D-intensive firms are more subject to information asymmetries, those firms have
an incentive toissue debt. Thisis especially true of large firmsthat can rely on their established credit reputations to
off-set the general perception of high operating risk associated with the R& D investments (Diamond 1989). Firms
will find debt a preferable financing option over equity if the marginal costs of debt are lower than the marginal
costs of equity, whichislikely for somelarge R& D-intensive bond issuers.



(limiting one issue per firm-year and requiring availability of other bond information and
accounting variables), of which 136 issues belong to low-R& D firms and 311 issues belong to
non-R& D firms. Descriptive andlysis of the firm characteristics (not tabulated) indicates thet, in
comparison to the other bond issuers, the origind 132 high-R& D bond issuers have, on average,
lower debt-to-equity ratios, higher totd assets and higher market values of equity, yet smilar
profit margins. These characterigtics of R& D-intensive bond issuers, while consstent with the
implications of the finance theories that high-R&D firms are less likely to issue debt (Jensen and
Meckling, 1976), suggest that the issuance of bonds remains a viable financing option for large
high-R&D firms since they can rely on their established credit records to gain access to the bond
markets without paying excessive risk premiums (Diamond, 1989).

To test whether the results derived from firms that belong to the R& D-intengive indugtries can
be generdized to other indudtries, the SUR estimations of equations (3) and (4) are re-runusng
the origind sample augmented with the 136 low-R& D bonds and with the whole supplementary
sample of 447 new bond issues, respectively. To capture differentia bond pricing implications of
various risk determinants between high- and low-R&D firms, adummy variable is cregted to
interact with the four firm attribute variables- DE, PROFIT, TIMES and LOGASSET. The
dummy variableis set equd to oneif the firm belongsto a high-R&D industry and O otherwise,
This procedure generates four additional regressors in equations (3) and (4). The SUR andyses
basad on the expanded samples yidd sgnificantly positive R& D coefficients, indicating thet the
findings for the five R& D-intensve industries can be generdized to the other indudtries.

Another issue regarding the generdizability of the conclusonsisthet the sample period of
1991 to 1994 coincides with a recession. A potential concern is whether the results are

influenced by that economic downturn. For example, agloomy economy may exacerbate
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investors pessmigtic sentiment. As aresult, investors may tend to overestimate (underestimate)
the risks (future benefits) of R& D investments. To dleviate the concern that the results of this
sudy are influenced by the uniqueness of the sample period, | have enlarged the origind sample
by adding bondsissued by the five R& D industries from 1988 to 1990. This procedure generates
additiona 63 new bond issues. Regression andysis using the expanded sample till yields
sgnificantly pogtive coefficients for RD1, which are equa to 212.31 (p-value = 0.01) and 1.73
(p-vaue = 0.01) for PREM and RATING equations, respectively. Hence, the conclusions do not
appear to be driven by the overlap between the sample period and the economic recession.

In summary, the analyses of this section indicate thet the results using the primary sample of
132 bonds issued by the five R& D-intensive industries during the period of 1991 to 1994 can be
generdized to bond issuersin other industries and to other years.
5.3. Incremental Explanatory Power of Multi-Year R& D Constructs

Table 6 presents results investigating the incrementa  effects of multi-year congtructs over
annua R& D expenditures (RD1) based on the initid sample of 132 issues. Recdl that the three
resdua variables (RESIDUAL2, RESIDUAL3, and RESIDUAL4) are the fitted values of error
terms from the auxiliary regressions of individua multi-year R& D constructs on RD1 [equation
(5)], gauging the incrementa explanatory power over RD1. The coefficients of the resdud
variables are dl pogtive but are sgnificant only for PREM equations. That may be because
RATING isascde variable, while PREM is a continuous variable providing amuch finer
measure of bond default risk than RATING. Given that al four R&D variables are highly
correlaed, only the finer measure PREM can detect the incrementa information captured by the
multi-year R& D congtructs over the annud R&D variable. Overal, the finding suggests that the

multi-year R& D measures are more informative in explaining bond risk premium.
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[Table 6]
5.4. Discriminative Feature of the LSMeasure
The differentid associations of the LS measure with bond ratings and premium across the

samples of long versus short useful life spans are given in Table 7. Recall that regression

equations (3) and (4) are estimated with additions of a categoricd variable CV and an interaction

variable (RD4*CV). The categoricd variable CV takes on avaue of 1 for along-useful-life

sample and 0 otherwise. Hence, the dope interaction term (RD4* CV) measures the incremental

asociation of the long-ussful-life sample over the short-useful-life sample between RD4 and the

bond parameters. Asreported in Table 7, the coefficients of RD4 for RATING and PREM

equations are not sgnificant; however, the coefficients of the dopeinteraction term for RATING

and PREM equations are significantly postive. Thisis consstent with the argument thet, from
creditors point of view, the longer the useful life span of R&D, the higher level of excessrisk of
R&D over its future benefits. The evidence dso shows that the amortization schedules derived
by LS are useful in discriminating among the varying degrees of trade-off between the risk and
future benefits of R&D.

[Table7]

5.5. Other Econometric Considerations

Following Besey et d. (1980), the sengtivity of the results to the influences of
multicollinearity and outliersis assessed. Condition indices reved that the data may suffer from
amulticallinearity problem. However, the regression conclusions are not changed quaitatively
after deleting collinear variables. To test the presence of influentia observations, the DFFITS
datistic was used. The gpplication of aSze-adjusted cutoff, suggested by Beldey et d. (1980),
identifies gpproximatdy five percent of the sample as potentia outliers. Nonetheless, the

findings reported in earlier sections are Smilar to those obtained when the regressons are re-
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edimated by excluding these outliers, aswell as by employing weighted least squares
regressions.
6. Conclusions

The debate surrounding the accounting for R& D expenditures evolves around the trade- off
between the expected benefits of the expenditures — which might quaify them as an ass&t, and
the uncertainty surrounding these benefits — which precludes them from being recorded as assets.
This study contributes to the debate on R& D accounting by assessing this benefit-risk trade- off
from the perspective of bondholders. The results indicate that R& D investments are Significantly
positively associated with bond default risk and bond risk premium, controlling for other bond
risk determinants. This evidence suggests that, from the perspective of bondholders, the risks and
uncertainties of R& D appear to dominate its expected future benefits. Hence, creditors view
R&D investments as less asset-like in nature and see them more as ussful measures of risk.

Furthermore, this study contributes to the bond pricing literature by showing the sgnificant
incremental explanatory power of R& D constructs over common bond risk determinants for
bond vauation. Given the increasing importance of R&D investments, the finding in this study
highlights the necessity of including R&D variables, heretofore unacknowledged in exiging
bond research, as one of the key bond risk determinants.

Severd caveats arein order. Firgt, the finding that, for bondholders, the uncertainty effect of
R& D investments dominates their expected benefits effect does not imply that R& D
investments, on average, generate negative net present value. This study does not address the
guestion of whether R& D investments, on average, increase the total vadue of the firm (the sum

of the debt and equity).1® Second, the larger impact of R&D risk on bond valuation derivesin

19 Taking the bondholders’ perspective has the potential to address the question. If it turns out that the bond market
reacts positively to R& D investments, then, this evidence, combined with the positive reaction of the equity market,
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part from the perception that R& D intangibles generdly have negligible liquidation vaues and

thus have less collaterd vaue than tangible assets. Third, alarger portion of R& D firms do not
issue bonds, hence they are not included in the sample; the results of this study hold only for the
sample of the R& D bond issuers. Creditors assessment on the risk- benefit trade-off for the R&D
firms that do not use public bond financing awaits future research. Therefore, adthough the
findings of this sudy add a new dimension to the debate over R& D accounting from the
perspective of an important class of stakeholders — bondholders, the evidenceitsdf is not

aufficient to buttress the FASB’ s expensing R&D rule.

would unambiguously imply that R& D investments must, on average, generate positive expected net present values,

resulting in an increasein the total value of the firm (equity plus debt). Hence, R& D is a value-creating economic
asset.
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Table 1

Panel A: Sample Composition and Averages of Some Key Variables by Industry

Number of
Industry Bond Issues PREM RATING RD1 RD2 RD3 RD4
Chemicals and Phamaceutics (28) 48 58.49 2.60 0.05 0.21 0.09 0.14
Machinery and Computer Hardware (35) 30 68.80 3.80 0.07 0.31 0.13 0.18
Electrical and Electronics (36) 22 58.95 3.27 0.09 0.44 0.18 0.25
Transportation Vehicles (37) 17 127.71 3.29 0.17 0.77 0.32 0.52
Scientific Instruments (38) 15 80.57 3.53 0.08 0.32 0.14 0.15
Panel B: Sample Composition and Averages of Some Key Variables by Sample Year
Number of
Year Bond Issues PREM RATING RD1 RD2 RD3 RD4
90 41 59.33 2.95 0.08 0.33 0.14 0.21
91 38 70.07 3.13 0.08 0.38 0.15 0.23
92 40 87.95 3.23 0.08 0.35 0.15 0.21
93 13 80.31 3.92 0.08 0.41 0.17 0.24
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Sampl e consists of 132 bonds issued from 1990 to 1993 by five R& D-intensive industries with two-digit SIC
codes of 28, 35, 36, 37 and 38.

PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on the issuance date
(measured in basis points).

RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa, and
Baabelow.

RD1 = Annual R&D expenditures over year-end market value of equity.

RD2 = Year-end estimated R& D assets estimated by the sum of the past five-year R& D expenditures, normalized by
year-end market value of equity.

RD3 = Year-end estimated R& D assets assuming afive-year straight-line amortization schedule, normalized by
year-end market value of equity

RD4 = Y ear-end estimated R& D assets based on L S amortization schedule, normalized by year-end market value of

equity.
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Table2

Descriptive Statistics for Selected Variables

Vaiable
RATING
PREM

RD1

RD2

RD3

RD4

DE

PROFIT
TIMES
TOTASSET
MVEQITY
MATURITY
SIZE

CALL
CONV
SUBO

ECYC

3.18
72.33
0.08
0.35
0.15
0.22
1.01
0.03
4.38
18/431.19
9,286.86
15.23
233.35
0.96
011
011

58.47

25%

75%

Quatile Median Quartile
2.00 3.00 4.00
37.55 78.25 111.50
0.03 0.06 0.10

0.14 0.23 043

0.06 0.10 0.18

0.09 0.15 0.26

0.22 0.50 0.85

0.02 0.04 0.07

154 2.99 531
2,737.07 6,10840 1191750
1,584.22 4371.20 13,552.93
7.50 10.00 30.00
102.33 200.00 300.00
1.00 1.00 1.00

0.00 0.00 0.00

0.00 0.00 0.00
53.00 60.00 65.00

Standard

Devidation

118
87.00
0.07

0.33

0.14

0.21

314

0.19
11.33
39,838.78
10,999.08
10.44
182.52
0.165
0.31

0.32
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Thetable reports descriptive statistics for selected variables of the final sample of 132 bondsissued from 1990 to
1993 hy five R& D-intensive industries with two-digit SIC codes of 28, 35, 36, 37 and 38.

RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa, and
Baa below.

PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity onthe issuance date
(measured in basis points).

RD1 = Annual R&D expenditures over year-end market value of equity.

RD2 = Year-end estimated R& D assets estimated by the sum of the past five-year R& D expenditures, normalized by
year-end market value of equity.

RD3 = Year-end estimated R& D assets assuming afive-year straight-line amortization schedule, normalized by
year-end market value of equity

RD4 = Y ear-end estimated R& D assets based on L S amortization schedule, normalized by year-end market value of
equity.

DE = Ratio of long term debt to book value of equity. PROFIT = Income before extraordinary itemsto net sales.

TIMES = Income before interest expenses over interest expenses.

TOTASSET = Total reported assets (denominated in millions of dollars).

MVEQITY = Market value of common stock measured at fiscal year end (denominated in millions of dollars).

MATURITY =Y earsto maturity of bond issues.

SIZE = Bond issue size (denominated in millions of dollars).

CALL =Yearstofirst call over yearsto maturity.

CONV =1 for convertible bonds and 0 otherwise.

SUBO = 1 for subordinated bonds and 0 otherwise.

ECY C = Average yield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury
bonds for the month of issue.



Table3

Resuts of Seemingly Unrdated Regressons (SUR) Estimation:
Annua R&D Expenditures (RD1), with and without Control Variables

Expected
Variable Sign
RD1 +/-
DE +
PROFIT
TIMES
LOGMVE
LOGASSET
LOGSIZE +/-
LOGMAT +
CALL
CONV
SUBO +
ECYC +

No. of Observations:
System Weighted R?:

F Test for Incremental
Significance of RD1:

RATING PREM RATING PREM RATING PREM
2.07 25531 3.25 241.64 2.31 284.95
(0.15)  (0.02) (0.01) (0.01) (0.005) (0.01)
0.003 4.94
(0.87) (0.02)
-0.39 4.12
(0.28) (0.93)
-0.004 -0.75
(0.59) (0.35)
-0.71
(0.0001)
-15.81
(0.03)
-0.28 -26.36 0.34 12.21
(0.06) (0.02) (0.001) (0.35)
0.09 9.72 -0.01 11.89
(0.53) (0.34) (0.88) (0.24)
62.25 67.79
(0.03) (0.02)
-122.26 -167.59
(0.0001) (0.0001)
1.68 0.15
(0.0001) (0.46)
0.47 0.17
(0.48) (0.81)
132 132 132
0.8076 0.8655 0.9503
6.203

(0.002)




Thetable reports results of seemingly unrelated regressions (SUR) of RATING and PREM on annual R&D
expenditures (RD1) with and without control variables. The regressions are run using the sample of 132 bonds
issued from 1990 to 1993 by five R& D-intensive industries with two-digit SIC codes of 28, 35, 36, 37 and 38.
Numbersin parentheses denote two-tailed p-values.

Dependent Variables:

RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa,
and Baa below.

PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on the issuance date
(measured in basis points).

Independent Variables:

RD1 = Annual R& D expenditures over year-end market value of equity.

DE = Ratio of long term debt to book value of equity .

PROFIT = Net incometo net sales.

TIMES = Income before interest expenses over interest expenses.

LOGASSET = Log of total assets (denominated in millions of dollars).

LOGMVE = Market value of common stock measured at fiscal year end (denominated in millions of dollars).

LOGMAT = Log of yearsto maturity of bond issues.

LOGSIZE = Log of bond issue size (denominated in millions of dollars).

CALL =Yearstofirst call over yearsto maturity.

CONV =1 for convertible bonds and O otherwise.

SUBO = 1 for subordinated bonds and 0 otherwise.

ECY C = Average yield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury

bonds for the month of issue.



Table4

Results of Seemingly Unrelated Regressions (SUR) Estimation: Adjusted Model

RATING (Bond Rating) Equation PREM (Bond Premium) Equation
Expected Two-tailed Expected Two-tailed
Variable Sign Coefficient P-value Variable Sign Coefficient P-value
RD4 +/- 0.787 0.002 RD4 +/- 128.93 0.0006
ADE + 0.209 0.014 ADE + 29.54 0.006
APROFIT - -0.345 0.306 APROFIT - -2.45 0.950
ATIMES - -0.004 0.528 ATIMES - -0.44 0.530
LOGMVE - -0.703 0.0002 ALOGASS - -21.37 0.004
LOGSIZE +/- 0.301 0.002 LOGSIZE +/- -11.84 0.352
LOGMAT + -0.017 0.828 LOGMAT + 9.90 0.308
SUBO + 0.085 0.668 CALL - 66.78 0.022
CONV - -181.02 0.0002
ECYC + 0.21 0.762

Number of Observations = 132
System Weighted R? =0.954
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The table reports results of seemingly unrelated regressions (SUR) of RATING and PREM on RD4, adjusted
accounting numbers, and other control variables. The adjustments are made by first computing as-if earnings and as-
if R& D assets assuming that R& D were capitalized using the LS amortization schedules, then the four accounting
variables (ADE, APROFIT, ATIMES, and ALOGASS) are adjusted accordingly to incorporate the as-if earnings and
R& D assets. The regressions are run using the sample of 132 bonds issued from 1990 to 1993 by five R& D-intensive
industries with two-digit SIC codes of 28, 35, 36, 37 and 38.

Dependent Variables:
RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa,
and Baa below.
PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on the issuance date
(measured in basis points).

Independent Variables:

RD4 = Y ear-end estimated R& D assets based on L S amortization schedule, normalized by year-end market value
of equity.

ADE= Adjusted debt-equity ratio. Ratio of long term debt to the sum of book value of equity and yearend
R&D asset.

APROFIT = Adjusted profitability. (Income before extraordinary items + R&D expenditures—amortization of
R& D assets)/net sales.

ATIMES = (Income before interest expenses + R& D expenditures— amortization of R& D assets)/interest
expenses.

ALOGASS = Log of the sum of total reported assets and R& D assets.

LOGMVE = Market value of common stock measured at fiscal year end (denominated in millions of dollars).

LOGMAT = Log of yearsto maturity of bond issues.

LOGSIZE = Log of bond issue size (denominated in millions of dollars).

CALL = Yearstofirst call over yearsto maturity.

CONYV = 1 for convertible bonds and O otherwise.

SUBO = 1 for subordinated bonds and 0 otherwise.

ECYC = Averageyield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury
bonds for the month of issue.



Table5
Resaults of Two-stage Seemingly Unrelated Regressons (SUR) Estimation
Using the Ingrumentd Variable Method

RATING (Bond Rating) Equation PREM (Bond Premium) Equation
Expected Two-tailed Expected Two-tailed
Variable Sign  Coefficient P-value Variable Sign  Coefficient P-value
FITTED_RDA4 +/- 0.99 0.04 FITTED_RDA4 +/- 243.19 0.0002
DE + 0.01 0.76 DE + 2.75 0.19
PROFIT - -0.23 0.53 PROFIT - -7.65 0.86
TIMES - -0.01 0.09 TIMES - -1.27 0.08
LOGMVE - -0.70 0.0001 LOGASS - -14.96 0.02
LOGSIZE +/- 0.37 0.0002 LOGSIZE +/- -14.07 0.27
LOGMAT + -0.003 0.96 LOGMAT + 6.17 0.54
SUBO + 0.10 0.64 CALL - 132.87 0.002
CONV - -172.51 0.0001
ECYC + 0.23 0.74

Number of Observations = 132

System Weighted R-Square = 0.9488




Thetable reports the results of two-stage seemingly unrelated regressions (SUR) estimation using the instrumental
variable method. In the first stage, firm-specific RD4 (year-end estimated R& D assets based on LS amortization
schedule, normalized by year-end market value of equity) is regressed on the instrumental variable, the firm’stwo-
digitindustry average level of RD4, excluding the firm itself, then the fitted value of RD4, FITTED_RD4, is derived
from the first-stage regression. In the second stage, RATING and PREM are regressed on FITTED_RD4 and the
other bond risk control variables using the SUR estimation.

Theregressions are run using the sample of 132 bonds issued from 1990 to 1993 by five R& D-intensive industries
with two-digit SIC codes of 28, 35, 36, 37 and 38.

Dependent Variables:
RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa,
and Baa below.
PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on theissuance date
(measured in basis points).

Independent Variables (Except FITTED_RDA4):
DE = Ratio of long term debt to book value of equity.
PROFIT = Net income to net sales.
TIMES = Income before interest expenses over interest expenses.
LOGASSET = Log of total assets (denominated in millions of dollars).
LOGMVE = Market value of common stock measured at fiscal year end (denominated in millions of dollars).
LOGMAT = Log of yearsto maturity of bond issues.
LOGSIZE = Log of bond issue size (denominatedin millions of dollars).
CALL =Yearstofirst call over yearsto maturity.
CONYV =1 for convertible bonds and O otherwise.
SUBO = 1 for subordinated bonds and 0 otherwise.
ECYC = Averageyield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury
bonds for the month of issue.



Table 6

Results of Seemingly Unrelated Regressions (SUR) Egtimation:
Incrementa Effects of Multi-year R&D Congtructs Over Annua R&D (RD1)

Pand A: RATING (Bond Reting) Equation

Variable

RD1

RESIDUAL2

RESIDUAL3

RESIDUAL4

DE

PROFIT

TIMES

LOGMVE

LOGSIZE

LOGMAT

SUBO

Expected
Sign

+/-

+/-

Sum of 5 Years (RD2)

5 Year Straight-line (RD3)

LS Measure (RD4)

Two-tailed Two-tailed Two-tailed
Coefficient P-value Coefficient P-value Coefficient P-value
2.29 0.01 2.31 0.01 2.26 0.01
0.05 0.53
0.09 0.76
0.14 0.17
0.002 0.89 0.003 0.87 -0.001 0.95
-0.37 0.31 -0.38 0.31 -0.31 0.41
-0.004 0.59 -0.004 0.59 -0.005 0.48
-0.71 0.0001 -0.71 0.0001 -0.71 0.0001
0.35 0.001 0.34 0.001 0.35 0.001
-0.003 0.97 -0.01 0.91 0.003 0.97
0.15 0.46 0.15 0.47 0.15 0.46

41



Table 6 (Continued)

Results of Seemingly Unrelated Regressions (SUR) Egtimation:
Incrementa Effects of Multi-year R&D Congtructs Over Annua R&D (RD1)

Pand B: PREM (Bond Premium) Equation

Sum of 5 Years (RD2) 5 Year Straight-line (RD3) LS Measure (RD4)
Expected Two-tailed Two-tailed Two-tailed

Variable Sian Coefficient P-value Coefficient P-value Coefficient P-value
RD1 +/- 272.71 0.02 281.39 0.01 282.53 0.01
RESIDUAL2 +/- 22.22 0.01
RESIDUAL3 +/- 92.36 0.01
RESIDUAL4 +/- 33.65 0.01
DE + 4.81 0.03 5.02 0.02 4.13 0.06
PROFIT - 14.96 0.74 22.81 0.61 25.78 0.57
TIMES - -0.74 0.35 -0.71 0.37 -1.02 0.20
LOGASSET - -15.49 0.03 -16.02 0.02 -18.01 0.01
LOGSIZE +/- -9.26 0.47 -9.53 0.46 -8.95 0.48
LOGMAT + 16.11 0.11 15.34 0.12 15.77 0.11
CALL - 74.97 0.01 73.01 0.01 74.87 0.01
CONV - -165.63 0.0001 -170.47 0.0001 -168.57 0.0001
ECYC + 0.45 0.52 0.45 0.52 0.38 0.58
No. of Observations: 132 132 132

System Weighted RZ: 0.9506 0.9505 0.9512




Thetable reportsincremental effects of three multi-year R& D constructs (RD2, RD3, RD4) over annual R& D
expenditures (RD1), respectively. The analysisis conducted in two stages. In thefirst stage, each multi-year
construct isregressed on RD1 using an OL S estimation:

RD (k);, =a(k) +b(k)RDL + m(k),;,

wherek =2, 3, and 4. In the second stage, the fitted value of the error terms, n{k), is included as an independent
variablein the following system of two equations:
93

RATING |, = & aoYR, +a,RD1, +a, m(k), +a,DE, +a ,PROFIT , +a,TIMES , +a,LOGMVE |,
t=90
+a,LOGSIZE .., +asLOGMAT ., +a,SUBO , ., +e,

93
PREM .., = & byYR, + b,RD1, +b,, mk), + b,DE, +b,PROFIT , + b,TIMES , + b LOGASS ,

t=90

+b,LOGS ZE; it bs LOGMAT; wnat bQCALLi,t+l + blOCONVi,Hl +b,, ECYC, Tat€
The above two equations are estimated using seemingly unrelated regressions (SUR).

The sample consists of 132 bonds issued from 1990 to 1993 by five R& D-intensive industries with two-digit SIC
codes of 28, 35, 36, 37 and 38.

Dependent Variables:
RATING = Moody’s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa,
and Baa below.
PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on the issuance date
(measured in basis points).

Independent Variables:
RD1 = Annual R& D expenditures over year-end market value of equity.

RESIDUAL (k) = Fitted values of error terms, M(K),,, from regressing RD(k) on RD 1, wherek =2, 3, and 4.

DE = Ratio of long term debt to book value of equity.

PROFIT = Net incometo net sales.

TIMES = Income before interest expenses over interest expenses.

LOGASSET = Log of total assets (denominated in millions of dollars).

LOGMVE = Market value of common stock measured at fiscal year end (denominated in millions of dollars).

LOGMAT = Log of yearsto maturity of bond issues.

LOGSIZE = Log of bond issue size (denominated in millions of dollars).

CALL = Yearstofirst call over yearsto maturity.

CONV =1 for convertible bonds and 0 otherwise.

SUBO = 1 for subordinated bonds and O otherwise.

ECYC = Average yield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury
bonds for the month of issue.



Table7

Results of Seemingly Unrelated Regressions (SUR) Estimation: LS Measure (RD4)

Differential Associations: Long vs. Short Useful Life Samples

RATING (Bond Rating) Equation

PREM (Bond Premium) Equation

Expected One-tailed Expected One-tailed
Variable Sign Coefficient  P-value Variable Sign  Coefficient P-value
cv +/- -0.551 0.000 cv +/- -17.948 0.175
RD4 + 0.509 0.109 RD4 + 40.197 0.236
RD4*CV +/- 2.161 0.0001 RD4*CV +/- 117.049 0.022
DE + -0.004 0.398 DE + 3.946 0.037
PROFIT - -0.282 0.208 PROFIT - 21.210 0.323
TIMES - 0.008 0.099 TIMES - -1.197 0.085
LOGMVE - -0.667 0.0001 LOGASSET - -18.271 0.012
LOGSIZE +/- 0.295 0.002 LOGSIZE +/- -10.666 0.207
LOGMAT + 0.001 0.494 LOGMAT + 13.251 0.091
SUBO + 0.186 0.168 CALL - 70.585 0.009
CONV - -170.401 0.0001
ECYC + 0.195 0.391

Number of Observations = 132

System Weighted R? = 0.958




Thetable reportsthe differential associations of the LS measure (RD4) with bond ratings and premiums across the
samples of long versus short useful life spans. The full sample of 132 observationsis partitioned into 2 sub-samples
according to the median of the sums of the three recent amortization coefficientsreported in Table 3 of theLS
study. The observations corresponding to the sums higher (lower) than the median form the sub-sample of low
(high) risk. To test the differential impacts across the two sub-samples, a categorical variable (CV) isset equal to
one for the sample of long useful life span and zero otherwise. The categorical variable is allowed to interact with
the intercept and the RD4 variable. The system of two regression models with the interactive terms given below is
estimated using seemingly unrelated regressions (SUR):

94
RATING ., = é a,yR,+a,Ccv,6 +a,RD 4, +a,RD4,*CV, +a ,DE, +a ,PROFIT , +aTIMES ,
t=91

+a,LOGMVE , +a,LOGSIZE |, +a,LOGMAT ,, +a,,SUBO ., +e,,

94
PREM ,., =8 b,YR, +b,CV,+b,RD 4, +b,RD 4, *CV, +b,DE , + b,PROFIT , + b TIMES

t=91

+b,LOGASS , + bLOGSIZE ., + b ,LOGMAT ., + b,CALL, ., +b,;,CONV,,, +b,ECYC . +e ,

Dependent Variables:

RATING = Moody’ s bond ratings, with integer values 1 through 5 representing the ratings of Aaa, Aa, A, Baa,
and Baa below.

PREM = Bond yield to maturity minusyield on U.S. Treasury bond of comparable maturity on the issuance date
(measured in basis points).

Independent Variables:

CV = A categorical variable equal to 1 for long useful R& D life sample issues and O otherwise.

RD4 = Y ear-end estimated R& D assets based on L S amortization schedule, normalized by year-end market value
of equity.

DE = Ratio of long term debt to book value of equity.

PROFIT = Net incometo net sales.

TIMES = Income before interest expenses over interest expenses.

LOGASSET = Log of total assets (denominated in millions of dollars).

LOGMVE = Market value of common stock measured at fiscal year end (denominated in millions of dollars).

LOGMAT = Log of yearsto maturity of bond issues.

LOGSIZE = Log of bond issue size (denominated in millions of dollars).

CALL =Yearstofirst call over yearsto maturity.

CONYV = 1for convertible bonds and O otherwise.

SUBO = 1 for subordinated bonds and O otherwise.

ECYC = Average yield on Moody’ s Aaa bonds for the month of issue less average yield on 30-year U.S. Treasury
bonds for the month of issue.



