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Abstract

The immediate expensing of research and development (R&D) expenditures is often justified
by the conservatism principle. However, no accounting procedure consistently applied can
be conservative throughout the firm’s life. We therefore ask the following questions: (1) When
is the expensing of R&D conservative and when is it aggressive, relative to R&D capitaliza-
tion? (2) What are the capital-market implications of these reporting biases? To address
these questions we construct a model of profitability biases (differences between reported
profitability under R&D expensing and capitalization) and show that the key drivers of the
reporting biases are the differences between R&D growth and earnings growth (momentum),
and between R&D growth and return on equity (ROE). Companies with a high R&D growth
rate relative to their profitability (typically early life-cycle companies) report conservatively,
while firms with a low R&D growth rate (mature companies) tend to report aggressively
under current generally accepted accounting principles. Our empirical analysis, covering the
period 1972—2003, generally supports the analytical predictions.

In the valuation analysis we find evidence consistent with investor fixation on the
reported profitability measures: we detect undervaluation of conservatively reporting firms
and overvaluation of aggressively reporting firms. These misvaluations appear to be cor-
rected when the reporting biases reverse from conservative to aggressive and vice versa.
This evidence is consistent with behavioral finance arguments about investor cognitive
biases.
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Les distorsions de I’information relative a la R&D et leurs répercussions

Condensé

Le principe de prudence justifie souvent la passation en charges immédiate des dépenses de
recherche et de développement (R&D). Toutefois, aucune méthode comptable appliquée de
facon uniforme ne saurait respecter le principe de prudence pendant la durée de vie entiere
d’une entreprise. Les auteurs posent donc les questions suivantes : a) Quand la passation en
charges de la R&D, par opposition a I’'inscription a I’actif, est-elle prudente et quand est-
elle audacieuse ? et b) Quelles sont les répercussions sur le marché financier des distorsions
de I’information relative a la R&D ? Pour répondre a ces questions, les auteurs élaborent un
modele des distorsions de I’information relative a la rentabilité (c’est-a-dire des différences
que présente cette information selon que la R&D est passée en charges ou inscrite a 1’actif)
et utilisent leurs répercussions pour étudier les conséquences de la passation en charges de
la totalité de la R&D.

La passation en charges de la totalité de la R&D entraine une sous-estimation du bénéfice
ainsi que de I’actif total, a chaque période. Elle influe donc a la fois sur le numérateur et le
dénominateur de deux variables financieres déterminantes abondamment utilisées par les
investisseurs : le rendement des capitaux propres (RCP) et le taux de croissance des bénéfices.
De leur modele, les auteurs dérivent et testent les hypotheses suivantes :

HYPOTHESE 1. La variable g dénotant le taux de croissance de la R&D, si [g/(1 + g/2)]
est supérieur (inférieur) au RCP publié, I'inscription a I’ actif de la R&D produira
un RCP supérieur (inférieur) a celui que produirait la passation en charges de la
R&D.

HYPOTHESE 2. Si le taux de croissance de la R&D est supérieur (inférieur) au taux de
croissance des bénéfices lorsque la R&D est passée en charges, le taux de crois-
sance des bénéfices lorsque la R&D est inscrite a I actif sera supérieur (inférieur)
au taux de croissance des bénéfices lorsque la R&D est passée en charges.

L’analyse empirique a laquelle procedent les auteurs pour tester ces hypotheses
s’appuie sur un vaste échantillon de sociétés des Etats-Unis, couvrant une période de 32 ans
(1972 2 2003), et fait appel a une méthodologie de portefeuille. Suivant cette méthodologie,
les sociétés de 1’échantillon sont d’abord classées chaque année dans trois portefeuilles, par
ordre de décroissance de I’expression [taux de croissance de la R&D — taux de croissance
des bénéfices (ou RCP)]. A Tintérieur de chacun de ces trois portefeuilles, les sociétés sont
ensuite classées dans trois portefeuilles par ordre de décroissance de la R&D par rapport au
chiffre d’affaires (intensité de la R&D), ce qui donne au total neuf portefeuilles. Une analyse
empirique de ces portefeuilles valide les deux hypotheses étudiées et permet aux auteurs de
conclure que les distorsions de I’information relative a la rentabilité sont réelles et semblent
significatives, tant dans le cas du RCP que dans celui du taux de croissance des bénéfices.
En général, les sociétés présentant des taux de croissance de la R&D qui sont élevés par
rapport a leur rentabilité (ce qui est souvent le cas dans les secteurs en émergence comme la
biotechnologie et chez les jeunes entreprises) font preuve de prudence dans I’information
qu’elles publient, tandis que les sociétés dont le taux de croissance de la R&D est faible (ce
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qui est le cas des sociétés a maturité) font preuve d’audace. L’analyse révele également que
les distorsions de 1’information sont sensiblement plus importantes pour le taux de crois-
sance des bénéfices que pour le rendement des capitaux propres. Par conséquent, le point de
vue fort répandu selon lequel la passation en charges des placements incorporels conduit
généralement a la prudence dans la publication d’information relative a la rentabilité est un
point de vue erroné.

Les auteurs analysent ensuite le rendement des actions des sociétés de 1’échantillon
afin de déterminer si les investisseurs pergoivent bien le fait qu’au long du cycle de vie de la
société, I’application uniforme de la passation en charges de la R&D entrainera tantdt la sous-
estimation, tant6t la surestimation de la rentabilité, selon les périodes. La théorie de la
finance behavioriste et les faits observés donnent a penser que les investisseurs peuvent
commettre des erreurs systématiques lorsqu’ils traitent I’information publiée pour déterminer
quelles seront leurs attentes relatives aux flux de trésorerie futurs (par ex., Barberis et al.,
1998 ; Lakonishok et al., 1994 ; Poteshman, 2001). A partir de cette théorie, les auteurs
élaborent et testent les hypotheses suivantes :

HYPOTHESE 3. Les sociétés dont le taux de croissance de la R&D, g, est tel que
[g/(1 + g/2)] est supérieur (inférieur) au RCP publié ont des rendements anormaux
négatifs (positifs) qui se transforment en rendements positifs (négatifs) lorsque le
taux de croissance de la R&D chute au-dessous (s’ éléve au-dessus) du seuil
2RCP/(2 — RCP).

HYPOTHESE 4. Les sociétés dont le taux de croissance de la R&D est supérieur (infé-
rieur) au taux de croissance du bénéfice publié ont des rendements anormaux
négatifs (positifs) qui se transforment en rendements positifs (négatifs) lorsque le
taux de croissance de la R&D devient inférieur (supérieur) au taux de croissance
du bénéfice publié.

Pour tester ces hypotheses, les auteurs calculent d’abord une série chronologique de
rendements anormaux pour chaque société. Les rendements anormaux sont les résidus de la
régression des rendements futurs sur divers facteurs connus comme la taille, le ratio valeur
comptable/cours, I’effet de levier, les dépenses en immobilisations de R&D et les rende-
ments antérieurs. Les auteurs se demandent ensuite si le profil des séries chronologiques de
rendements anormaux correspond au profil de la distorsion de I’information attribuable a la
passation en charges de la R&D. Ils analysent trois portefeuilles : a) celui des sociétés qui
font preuve soit de prudence soit d’audace de fagon uniforme (au fil du temps), sans passer
d’une catégorie a une autre (le portefeuille NR — non-reversal) ; b) celui des sociétés qui
passent d’une distorsion positive a une distorsion négative (le portefeuille PN) ; et c) celui
des sociétés qui passent d’une distorsion négative a une distorsion positive (le portefeuille
NP). Ils constatent que les rendements anormaux des sociétés du portefeuille NR se distri-
buent de facon aléatoire autour de zéro, tandis que les rendements des sociétés du porte-
feuille PN augmentent dans les premieres années (lorsque la distorsion de I’information est
positive) et diminuent dans les années suivantes (lorsque la distorsion de I’information est
négative). Le portefeuille NP affiche, au contraire, la propriété diamétralement opposée de
rendements anormaux initiaux négatifs suivis de rendements anormaux positifs dans 1’année
ou la distorsion des valeurs publiées passe du positif au négatif.
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Les résultats de cette analyse empirique confirment les hypotheses 3 et 4. Les auteurs
relévent donc des preuves systématiques de 1’existence d’erreurs d’évaluation : les actions des
sociétés dont I’information est guidée par la prudence sont systématiquement sous-évaluées,
tandis que celles dont I’information est guidée par I’audace sont surévaluées. Fait a noter,
ces erreurs d’évaluation tendent a se corriger lorsque les distorsions de I’information passent
de la prudence a I’audace, et vice versa. Les répercussions que peut avoir I’application d’une
méthode comptable (la passation en charges de la R&D) sur I’évaluation sont distinctes des
répercussions précédemment définies, comme celles de la taille de 1’entreprise, du ratio
valeur comptable/cours et de I’intensité de la R&D. Cette attestation de 1’existence d’erreurs
d’évaluation concorde avec une heuristique behavioriste appelée représentativité, en vertu
de laquelle les investisseurs, qui tendent a considérer le profil des données publiées comme
étant représentatif du profil des données futures, surréagissent. L’erreur d’évaluation qui en
résulte se corrige lorsque le profil des données publiées change et que les investisseurs se
rendent compte que leurs certitudes initiales étaient poussées a I’extréme (par ex., Shleifer,
2000).

L’erreur d’évaluation systématique des titres a pour conséquence sociale de nuire a la
qualité des décisions d’affectation des ressources, tant sur les marchés de produits que sur
les marchés financiers. Ainsi, la sous-évaluation systématique des actions oblige les sociétés
sous-évaluées a porter le fardeau d’un coit du capital excessif, ce qui les conduit a des déci-
sions d’investissement sous-optimales et a une croissance médiocre. Sur les marchés finan-
ciers, I’erreur d’évaluation des titres entraine des transferts de richesse entre actionnaires
existants et nouveaux actionnaires. D’évidence, I’atténuation des erreurs d’évaluation pro-
fite aux sociétés, aux actionnaires et a la société dans son ensemble. Il convient toutefois de
noter que rien ne certifie qu’une directive des PCGR exigeant I’inscription a I’actif de la
R&D puisse éliminer toutes les erreurs d’évaluation actuelles, bien que les constatations
préliminaires (notamment celles d’Aboody et Lev, 1998) soient encourageantes.

Entre autres travaux en comptabilité et en finance ont été réalisées des recherches
approfondies liées a la présente étude. Les auteurs expliquent en quoi leur recherche enrichit
les études précédentes. Divers chercheurs ont maintes fois démontré I’existence d’une relation
positive significative entre 1’intensité de la R&D et les rendements subséquents des actions
— soit I’effet de I’intensité de la R&D (par ex., Lev et Sougiannis, 1996, 1999 ; Chan et al.,
2001 ; Chambers et al., 2002 ; Penman et Zhang, 2002 ; Eberhard ez al., 2004). Cet effet de
I'intensité de la R&D est notamment expliqué par I’erreur d’évaluation des dépenses de
R&D (Chan et al., 2001 ; Eberhard et al., 2004) de méme que par la prime de risque (Chambers
et al., 2002). Dans la présente étude, les auteurs démontrent qu’outre 1’effet de I’intensité de
la R&D, il existe un effet significatif de distorsion de I’information relative a la rentabilité.
Les sociétés dont I’information relative a la rentabilité et au taux de croissance des bénéfices
est guidée par la prudence (soit celles qui font preuve de prudence comparativement aux
mémes indicateurs lorsque la R&D est inscrite a 1’actif) sont sous-évaluées, tandis que les
sociétés dont I’information relative a la rentabilité et au taux de croissance des bénéfices est
guidée par ’audace sont surévaluées. Ces erreurs d’évaluation sont distinctes des effets de
I’intensité de la R&D sur les rendements subséquents démontrés dans les études précédentes.
Fait intéressant, les erreurs d’évaluation liées a I’information relevées par les auteurs se
corrigent lorsque les distorsions de ’information passent de la prudence a 1’audace et vice
versa. La contribution des auteurs réside donc dans la détermination d’une source d’erreurs
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d’évaluation du marché financier, singuliere et intéressant particulierement la comptabilité :
les distorsions de 1’information attribuables a la passation en charges de la R&D. De plus,
les faits recueillis par les auteurs viennent étayer 1’argumentation de la finance behavioriste
relative aux distorsions cognitives des investisseurs (par ex., Barberis et Thaler, 2003).

Grace a leur modele analytique, les auteurs contribuent a la recherche en structurant de
facon cohérente les distorsions de I’information relative a la rentabilité découlant de 1’appli-
cation de régles comptables différentes et en étayant empiriquement 1’existence de ces dis-
torsions dans les données de leur échantillon. Le fait que la passation en charges immédiate
de dépenses — comme les dépenses de R&D — qui croissent se traduise par une informa-
tion « prudente », tandis que la passation en charges de dépenses qui s’amenuisent se traduit
par une information « audacieuse », est un theme régulierement abordé dans la recherche
comptable et I’analyse des €tats financiers (par ex., Beaver et Ryan, 2000 ; Monahan, 2004 ;
Danielson et Press, 2004). Toutefois, le taux de croissance auquel la prudence comptable
bascule et se transforme en audace dans I’information publiée dépend, ainsi que le démontre
le modele des auteurs, de la mesure particuliere de la rentabilité que 1’on utilise. Les auteurs
ajoutent aux études précédentes en décrivant les seuils prudence-audace, en ce qui a trait a
I’information, des trois mesures clés de la rentabilité : le RCP, le rendement de ’actif et le
taux de croissance des bénéfices. Ils utilisent ensuite ces seuils pour effectuer des analyses
empiriques dont les résultats éclairent le débat que suscite le choix entre passation en charges
et inscription a I’actif de la R&D.

1. Introduction

The immediate expensing of practically all internally generated intangible invest-
ments in the United States, a questionable procedure given the substantial future
benefits of many such investments, is often justified by the conservatism principle.l
Conservative accounting procedures, goes the argument, counter managers’ preva-
lent optimism,2 and are appropriate given the generally high level of uncertainty
associated with the outcome of intangible investments.3 However, no accounting
procedure consistently applied can be conservative (or aggressive) forever. Over
the lifetime of the enterprise, if reported earnings under a conservative accounting
rule are understated (relative to a less conservative rule) during certain periods,
they have to be overstated in other periods, given that conservative/aggressive
accounting procedures essentially shift earnings from one period to another. What,
then, are the conditions under which the expensing of research and development
(R&D) (and other intangibles) will be conservative or aggressive, relative to the
capitalization of R&D? What are the capital-market consequences — namely,
investors’ misvaluations of securities — of such conservative (understated earn-
ings) or aggressive (overstated earnings) financial reporting?

We address these two questions in the current study. We focus on three widely
used indicators of performance — the return on equity (ROE), return on assets
(ROA), and earnings growth (momentum) — and derive the general conditions
under which R&D expensing (the current generally accepted accounting principles
[GAAP] procedure) will result in overstated or understated values of these indica-
tors, relative to capitalized R&D. We then examine the validity of these general
conservative/aggressive conditions on the sample data.# Finally, we address the

CAR Vol. 22 No. 4 (Winter 2005)



982 Contemporary Accounting Research

investor rationality question: Is the conservative/aggressive reporting of enterprise
profitability induced by the expensing of R&D systematically affecting the pricing
of securities? That is, do investors properly perceive that, over the life cycle of the
firm, a consistent application of R&D expensing will lead to understatement of
profitability in some periods and to overstatement in others?

Our empirical analysis, based on a comprehensive sample spanning 32 years
(1972-2003), validates the general conditions derived analytically for R&D
expensing to generate conservative or aggressive reporting. With respect to investor
rationality, we find systematic evidence of mispricing: stocks of conservatively
reporting firms are systematically undervalued, while those of aggressively report-
ing firms are overvalued. Notably, these mispricings tend to be corrected when the
reporting biases switch from conservative to aggressive, and vice versa. These valua-
tion effects of an accounting practice (R&D expensing) are distinct from previously
established effects, such as those of firm size, book-to-market ratio, and R&D
intensity. This mispricing evidence is consistent with a behavioral heuristic known
as representativeness, which makes investors view patterns in reported data as rep-
resentative about future patterns and thus leads them to overreact. The resulting
mispricing is corrected when the pattern in reported data changes and investors
realize that their initial beliefs were too extreme (e.g., Shleifer 2000).

The accounting and finance literature includes extensive research related to
our study. We note here our contribution relative to previous studies. Various studies
have consistently documented a significant positive relationship between R&D
intensity and subsequent stock returns (the R&D intensity effect) (e.g., Lev and
Sougiannis 1996, 1999; Chan, Lakonishok, and Sougiannis 2001; Chambers, Jen-
nings, and Thompson 2002; Penman and Zhang 2002; Eberhard, Maxwell, and
Siddique 2004). Explanations for the R&D intensity effect include both mispricing
of R&D expenditures (Chan et al., Eberhard et al.) and risk premium (Chambers et al.)
arguments. We demonstrate below that in addition to the R&D intensity effect, there
is a significant reporting profitability bias effect. Firms that report conservative prof-
itability and earnings growth (that is, conservative as compared with the same indica-
tors under R&D capitalization) are undervalued, whereas firms that report aggressive
profitability and earnings growth are overvalued. These over/under valuations are
distinct from the effects of R&D intensity on subsequent returns demonstrated in
previous studies. Interestingly, our reporting-related misvaluations are corrected
when the reporting biases reverse from conservative to aggressive and vice versa.
Our contribution thus lies in identifying a distinct source of capital-market misval-
uation that is particularly relevant to accounting — that is, reporting biases due to
R&D expensing.’ In addition, our evidence provides further support to behavioral
finance arguments about investor cognitive biases (e.g., Barberis and Thaler 2003).

Our analytical model contributes to the literature by developing a unified
structure of reported profitability biases arising from alternative accounting rules
and documenting empirically the presence of such biases in the sample data. The
fact that the immediate expensing of growing expenditures such as R&D results in
conservative reporting, whereas the expensing of shrinking expenditures results
in aggressive reporting, is a standard feature of accounting research and financial
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statement analysis (e.g., Beaver and Ryan 2000; Monahan 2005; Danielson and
Press 2004). However, the rate of growth at which conservative accounting tips
over into aggressive reporting depends, as our model shows, on the particular profit-
ability measure used. We add to prior studies by outlining the cutoff points for
conservative/aggressive reporting for three key profitability measures: ROE, ROA,
and earnings growth (momentum). We then use the cutoff points to carry out
empirical analyses that generate new insights on the R&D expensing versus capital-
izing controversy.®

The remainder of the paper proceeds as follows. In section 2 we construct a
model that allows us to identify the drivers of profitability reporting biases and
derive testable hypotheses for the existence and consequences of the biases. In
section 3 we discuss data sources and variable definitions. We validate the model
by comparing its predictions to the sample reporting biases in section 4. In section 5
we test the capital-market consequences of the biases, and section 6 contains con-
cluding remarks.

2. Conservative and aggressive reporting under R&D expensing

In this section we derive the general conditions under which the expensing of R&D
will generate conservative (understated) or aggressive (overstated) performance
measures, relative to performance measured under the capitalization and amortiza-
tion of R&D. In this study we do not prescribe the capitalization or expensing of
R&D or other intangibles. Rather, we postulate that if R&D expenditures have,
under certain circumstances, future benefits, their immediate expensing will lead to
systematic performance reporting biases relative to underlying earnings under
R&D capitalization. Our interest here is in deriving general rules for identifying
such biases.

The analytical results are derived under an assumption of steady R&D growth,
captured through an exogenous parameter, g. Assume that a firm has an initial
expenditure C of R&D in year 1 and that R&D grows at a rate g per year. Thus, the
R&D expenditure in year t would be C (1 + g)’. The issue we address is the compar-
ison of profitability indicators when the firm expenses R&D expenditure in year ¢
as opposed to capitalizing and amortizing it over T years (under the assumption
that cash flows are unaffected by the accounting policy and that other reporting
choices are unchanged). We assume that under the expensing method, the firm has
in year ¢ earnings of £, and book value of equity (assets) of BVE, (BVA,). Our analy-
sis relates to years ¢ > T — that is, after a full R&D amortization cycle is complete.
Only in this case can meaningful comparisons be made between expensing and
capitalizing policies.

It is important to note, at least from a theoretical perspective, that the results
derived in this section can also be obtained in two more complex settings. The first
is where R&D investment determines earnings growth. The second is where there
are multiple assets with depreciation calculated on a continuous basis. We do not
report those results mainly because they do not lead to any significant changes in
our empirical tests. It is worth noting, however, that each of these settings gener-
ates empirical predictions that may be a potential area for future research.’
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Variables are defined as follows:

E, = earnings in year ¢ under expensing of R&D,
Ef = earnings in year ¢ under capitalization and amortization of R&D,

BVA,(BVE,) =book value of assets (equity) at end of year ¢ under expensing of
R&D,

BVAf (BVEY) = book value of assets (equity) at end of year ¢ under capitalization
and amortization of R&D,

EM,;(EM{) = earnings growth from year 7 — 1 to / (momentum) under expensing
(capitalization) of R&D.

T = amortization period of R&D investment (for capitalizing firms),
g = annual growth rate of R&D expenditures,

C = R&D expenditure in year 1, and

T = tax rate.

In the following analysis, we focus on three widely used measures of operat-
ing performance: ROE, ROA, and the earnings growth (momentum).

PROPOSITION 1. ROA, ROE, AND NONZERO R&D GROWTH RATE. The R&D
expensing firm reports a higher ROA than the capitalizing firm if and only
if ROA 2 (1 —7)g/(1 + g/2). The analogous result for ROE is ROE > g/
1+g/2).

For proof, see the appendix.

PROPOSITION 2. EARNINGS MOMENTUM AND NONZERO R&D GROWTH
RATE. The R&D expensing firm reports a higher earnings growth rate
(EM) than the capitalizing firm if and only if EM, > g. That is, an expens-
ing policy results in a higher reported earnings momentum if and only if
the growth of R&D expenditures is slow relative to the reported (under
expensing) earnings growth.

For proof, see the appendix.

A qualification to the preceding propositions concerns the underlying assump-
tion that earnings are positive and higher under capitalization than under expensing
(see the appendix). For example, Proposition 2 fails if £, > E ¢ or if E, < 0. Simi-
larly, Proposition 1 depends on a steady growth in R&D over the entire amortiza-
tion period and may fail if growth is uneven or negative in some years.8

Given the expensing rule for R&D expenditures mandated by Statement of
Financial Accounting Standards (SFAS) No. 2 (FASB 1974), our above proposi-
tions lead us directly to the following testable hypotheses.
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HYPOTHESIS 1. Let g denote the R&D growth rate. If [g/(1 + g/2)] is greater
(less) than reported ROE, then ROE under R&D capitalization is
greater (less) than ROE under expensing of R&D.

HYPOTHESIS 2. When the R&D growth rate is greater (less) than earnings
growth under R&D expensing, then earnings growth under capitalization
is greater (less) than earnings growth under R&D expensing.

Thus, we have established cutoff rules indicating when reported profitability
will be conservative (reported ROE, ROA, and earnings growth lower than under
capitalization), and when reported profitability will be aggressive (reported indica-
tors higher than under capitalization).

In addition, our propositions imply that under the current expensing rule,
understanding the relationship between R&D investment growth and profitability
is important for stock market valuation purposes. In theory, market value should be
based on economic profitability, and any distortions of economic profitability meas-
ures due to the application of economically inconsistent accounting rules could
lead to stock market misvaluations if investors fixate on reported profitability.

Behavioral finance theory and evidence suggests that investors can make sys-
tematic errors when they process public information to form expectations about
future cash flows (e.g., Barberis, Shleifer, and Vishney 1998; Lakonishok, Shleifer,
and Vishney 1994; Poteshman 2001). The theory refers to a behavioral heuristic
known as representativeness. Investors who display this heuristic view patterns in
reported data as representative about future patterns (extrapolate) and ignore the
laws of probability that changes in future patterns can occur.? In other words,
investors fixate on the reported pattern and, especially if the pattern persists for
some periods (there is a trend), they overreact and push prices up or down depend-
ing on the nature of the pattern. The resulting mispricing should then be mostly
corrected when the pattern in reported data changes and investors realize that their
initial beliefs were too extreme.

According to this theory, if investors in our sample R&D firms display the repre-
sentativeness heuristic, we should find evidence of predictable investor misreaction.
Thus, for firms with R&D growth rates sufficiently large relative to reported profit-
ability, the theory predicts that investors will push prices down because they fixate
on the low reported profitability caused by the relatively large R&D expenditures
and think that the current pattern of low profitability is representative of future
profitability. The presence of undervaluation in this case will manifest in signifi-
cantly negative abnormal returns when R&D growth exceeds reported profitability.
The theory also predicts that investors will correct their undervaluation when R&D
growth rates fall below reported profitability. At that point, the drop in R&D growth
and the realization of benefits from past R&D push reported profitability above
past profitability and investors find out that their initial expectations were too
extreme. The correction of the undervaluation will manifest in significantly posi-
tive abnormal returns when the R&D growth rate drops below the cutoff values
indicated in our propositions. Correspondingly, for firms with R&D growth rates
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sufficiently small relative to reported profitability, the theory predicts an initial
overvaluation (positive abnormal returns) followed by a correction (negative
abnormal returns) when the R&D growth rate increases above the cutoff values
indicated in our propositions. On the basis of the above reasoning, we develop the
following testable hypotheses:

HYPOTHESIS 3. Firms with an R&D growth rate g, such that [g/(1 + g/2)] is
greater (less) than reported ROE, have negative (positive) abnormal
returns that revert into positive (negative) when the R&D growth rate
drops below (becomes greater than) the cutoff 2ROE/(2 — ROE).

HYPOTHESIS 4. Firms with an R&D growth rate greater (less) than reported
earnings momentum have negative (positive) abnormal returns that revert
to positive (negative) when the R&D growth rate becomes less (greater)
than reported earnings momentum.

The importance of systematic misvaluations, if present, is that they may lead
to social harm. Systematic undervaluations, for example, imply an excessively
high cost of capital, which in turn hinders investment and growth. Conversely,
overvaluations lead to undesirable wealth transfers from outside investors to insiders,
given the considerable information asymmetries associated with R&D.10 The
remainder of the paper empirically tests the above four hypotheses.

3. Data and measures

Our sources of data are the COMPUSTAT and Center for Research in Security
Prices (CRSP) data bases. We use data from the period 1972 to 2003, and include
in our samples all firms with valid data in the COMPUSTAT Active and Research
files for the following variables: sales (item no. 12), R&D expenditures (item no. 46),
book value of common equity (item no. 60), and net income (item no. 172). Market
value of common equity (price per share times number of shares outstanding), and
stock returns are derived from the CRSP Stock Return files.

For each firm we compute the annual R&D amortization (distinct from the
R&D expenditure, which is expensed in the financial report) as well as the R&D
capital calculated from the time series of reported R&D expenses (COMPUSTAT
item no. 46). The R&D amortization and capital values are used to derive earnings
and book values under R&D capitalization by adjusting both reported earnings
(COMPUSTAT item no. 172) and book values of equity (COMPUSTAT item no.
60). Firm-specific estimates of R&D amortization are generally too noisy and
unreliable, given the relatively short time series of R&D available and the high
serial correlation of annual R&D expenditures for most firms. Industry-specific
amortization rates, such as those estimated by Lev and Sougiannis 1996, are more
reliable. For this study, encompassing all COMPUSTAT companies with R&D data,
we adopt a uniform R&D amortization rate of 20 percent per year.!! Accordingly,
the R&D amortization of firm 7 in year ¢ (RDA;,) is 20 percent of all the previous
R&D expenditures (vintages) that are still productive (that is, not fully amortized):
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RDA;=02*RD;, _1+RD;; _»+RD;, _3+RD;, _4+RD;; _5) (D).

The R&D capital of firm i at the end of year ¢ (RDC,,) is the sum of the
unamortized R&D expenditures (vintages) that are still productive:

RDC;;=RD;;+0.8 XRD;, _1 +0.6 XRD;, _ +0.4XRD;, _3+0.2XRD;, _, (2).

Table 1 provides summary statistics of our sample. The data indicate that
R&D expenditures have grown sharply over time. As a percentage of sales, R&D
expenditures were 1.70 percent, on average, in 1975 and more than doubled by
2000 to 4.54 percent. It is also interesting to note that as a percentage of earnings,
R&D expenditures have grown from 36.1 percent in 1975 to 96.9 percent in 2000.
Because firms’ R&D expenditures have generally increased over time, the annual
R&D amortization is smaller than the annual accounting expense, as indicated by the
lower R&D intensity ratios based on R&D capitalization than those based on R&D
expensing. The data in Table 1 also show that R&D capital represents a relatively
large intangible asset, accounting for 25 percent of the book value of equity in
2000, even with our assumed fast amortization rate of R&D (20 percent per year).

Table 2 presents data on the growth rate of R&D, the growth rate (momentum)
of earnings, and return on equity — three key variables in our study. The growth
rates of R&D and earnings are computed over five years: [R&D (or earnings), —
R&D (or earnings), _ 41/R&D (or earnings), _ 4. When earnings, _ 4 is negative, we
use the absolute value in the denominator.!2 Table 2 presents data for the most
R&D-intensive industries and for selected years. For practically all industries
(except pharmaceuticals), the five-year growth rate of R&D plummeted in 1990,
relative to 1985 (for example, from 124.8 percent to 31.4 percent in software), per-
haps induced by the onset of the recession in the United States in the early 1990s
and by the maturing of several industries. In the software and transportation indus-
tries, R&D growth picked up in the early 1990s, and by 2000 there were signs of
higher growth in all industries except drugs and pharmaceuticals.13

The earnings growth patterns (middle three columns in Table 2) portray a differ-
ent picture from the R&D growth. The earnings growth of pharmaceutical com-
panies decreased over the period, while their R&D growth was largely constant,
perhaps due to health maintenance organization (HMO) and Medicare/Medicaid
pressure on drug prices and use in the 1990s. In contrast, the earnings growth rate
of computers, measuring instruments, and transportation equipment and electrical
equipment companies soared in the first half of the 1990s, despite flat or decreas-
ing growth rates of R&D in those industries. In the second half of the 1990s, how-
ever, the earnings growth rates of these industries declined substantially. In
particular, a growth rate of 8.8 percent for computers reflects the strong competi-
tion in the industry. Communications companies exhibited at the median a negative
earnings growth in the early 1990s, probably as a result of the extensive deregula-
tion in this industry (for example, the opening up of intrastate phone service to
competition), but they seemed to recover in the late 1990s.
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Median return on equity (ROE) values vary across years and industries, with
the most stable pattern being exhibited by transportation. In 2000, four out of
seven industries had negative median ROEs, and apparently software and drug
companies suffered large losses.

Considering the main variables driving our analysis, 57 percent of the sample
firm-years had an R&D growth rate that was higher than the earnings momentum,
leading, according to our model, to conservative reporting of earnings growth and
potential market undervaluation. In the remaining 43 percent of the sample cases, the
R&D growth rate was lower than the earnings momentum, leading to an aggressive
earnings growth reporting and potential market overvaluation. In 58 percent of the
firm-years, R&D growth was higher than ROE, leading, according to our model, to
conservative ROE reporting with potential market undervaluation, and aggressive
reporting in the remaining 42 percent of the cases with potential market overvaluation.

4. Validating the model’s predictions

In this section we examine the empirical support for Hypotheses 1 and 2 derived
from Propositions 1 and 2 in section 2 of this paper. Using the notation RDG(5) for
the five-year R&D growth rate, RDG for the annual R&D growth rate, ROE for the
reported (R&D-expensed) return on equity, ROEC for the R&D-capitalized ROE,
EM (5) for the five-year reported earnings growth (momentum), and EM (5)C for
the five-year earnings momentum under R&D capitalization, we restate our two
hypotheses as follows:

HYPOTHESIS 1R. If {RDG/[(RDG/2) + 1]} > ROE, then ROE < ROEC, and
the converse for {RDG/[(RDG/2) + 1]} < ROE. Namely, if the growth
rate of R&D divided by I plus half the R&D growth rate is larger than the
firm’s ROE under expensing, then that ROE will be conservative (lower
than ROE under R&D capitalization).

HYPOTHESIS 2R. If RDG(5) > EM(5), then EM(5) < EM (5)C, and the con-
verse for RDG (5) < EM (5). Namely, if the five-year growth rate of R&D
is larger than the five-year growth rate of reported earnings under R&D
expensing, then reported earnings growth is conservative (lower than
reported earnings growth under R&D capitalization).

Because these relationships are not linear, we use a portfolio approach to
examine their validity and then also employ a regression approach.!4 We implement
two alternative variations of the portfolio approach. In the first, sample companies
with valid data were ranked in each year into nine portfolios, in decreasing sizes of
RDG (5) and EM (5) (and alternatively in decreasing sizes of {RDG/[(RDG/2) + 11}
and ROE). Thus, sample firms were first classified in each year into three portfolios
on the basis of decreasing size of earnings momentum, EM (5), and then, within
each of the three EM (5) portfolios, firms were classified into three decreasing
R&D growth, RDG(S5), portfolios. The same procedure was applied to the R&D
growth and ROE indicators, yielding nine size-ranked {RDG/[(RDG/2) + 1]} and
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ROE portfolios. In each of the nine RDG(5) — EM(5) portfolios, and the nine
{RDG/[(RDG/2) + 1]} — ROE portfolios, we focus on the reporting biases in earn-
ings growth (momentum) and ROE — namely, the differences between reported
(R&D-expensed) and R&D-capitalized earnings momentum, EM (5) — EM (5)¢, and
between reported and R&D-capitalized ROE, ROE — ROEC.

In the second variation of the portfolio tests we control for R&D intensity,
measured by the R&D expenditures to sales ratio.15 This is a more demanding test
than the above because it controls not only for R&D growth but also for R&D inten-
sity (level of the expenditure), which is likely to affect the size of the reporting bias
in ROE and earnings momentum. In this test, sample companies with valid data were
ranked in each year into nine portfolios, in decreasing sizes of RDG (5) — EM (5)
and R&D-to-sales (and alternatively in decreasing sizes of {RDG/[(RDG/2) + 1]}
— ROE and R&D-to-sales). Thus, sample firms were first classified in each year
into three portfolios on the basis of decreasing size of RDG (5) — EM (5), and then,
within each of the three RDG (5) — EM (5) portfolios, firms were classified into
three decreasing R&D-to-sales (RDS) portfolios. The same procedure was
applied to the R&D growth and ROE relationship, yielding nine size-ranked
{RDG/[(RDG/2) + 1]} — ROE and RDS portfolios.

Table 3 presents data for the relationship between annualized R&D growth,
{RDG/[(RDG/2) + 1]}, and return on equity, ROE, on the basis of the second test
(including R&D intensity).16 We expect (Hypothesis 1R) that when {RDG/[(RDG/2)
+ 1]} is larger than reported ROE, the latter will be smaller than ROE under R&D
capitalization (namely, conservative reporting), and vice versa for {RDG/[(RDG/2)
+ 1]} < ROE. This indeed is the case in the high {RDG/[(RDG/2) + 1]} — ROE and
high RDS portfolio (left-most column): the mean R&D growth {RDG/[(RDG/2)
+ 1]} is (0.408), or 40.8 percent, and is substantially larger than the mean reported
ROE (—1.511), which in turn is smaller (conservative reporting) than the R&D-
capitalized ROE (—0.248). In the case of low {RDG/[(RDG/2) + 1]} — ROE and
high RDS portfolio (third from the right-most column), the mean R&D growth
{RDG/[(RDG/2) + 1]} is (=0.023), or —2.3 percent, and is substantially lower
than the mean reported ROE (2.115), which in turn is larger (aggressive reporting)
than the R&D-capitalized ROE (0.253). Thus, in each of the nine portfolios, the
empirical relationship between the reported and R&D-capitalized ROE's is consist-
ent with Proposition 1’s prediction and the related Hypothesis 1 (1R). To abstract
from extreme observations, we also computed median values (reported in square
brackets in Table 3). Examination of the medians indicates that the expected rela-
tionships (reporting biases) hold at the medians too.

The mean and median differences between reported and R&D-capitalized
ROE are presented in the row labeled Reported ROE minus R&D-capitalized ROE
(ROE — ROEC), with Fama-MacBeth 1973 t-statistics in parentheses. All the
median differences and all but two mean differences are significantly different
from zero. These significance tests imply the presence of strong ROE reporting
biases, clearly validating Hypothesis 1 (1R).
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TABLE 3 (Continued)

Notes:

In each year from 1975 to 2003, sample firms are ranked by annualized R&D growth
{RDG/[(RDG/2) + 1]} minus one-year ROE and assigned into one of three equally
sized R&D growth portfolios. Each R&D growth portfolio is then subdivided into
three equally sized R&D intensity portfolios by ranking on R&D-to-sales (RDS).
Values in the table are means of yearly portfolio means and, in square brackets,
means of yearly portfolio medians of various variables over the 29-year period 1975—
2003. Numbers in parentheses are Fama-MacBeth #-statistics calculated using the 29-
yearly mean values. The sample includes all NYSE, AMEX, and NASDAQ firms
with coverage on the COMPUSTAT and CRSP files and consists of 56,075 firm-
year observations.

Annualized R&D growth (RDG) equals [(RD, — RD, _ 4)/RD, _ 4]/4, where RD is R&D
expenditures (COMPUSTAT item no. 46). Reported ROE equals earnings, /average
book value of equity at t — 1 and t. Earnings is COMPUSTAT item no. 172. Book
value of equity is COMPUSTAT item no. 60. R&D-capitalized ROE equals adjusted
earnings, [adjusted average book value of equity at t — 1 and t. Adjusted earnings;
equals reported earnings, plus R&D expenditures, minus R&D amortization, .
R&D amortization, equals 0.2*(RD;;_ 1+ RD;; _»+ RD;;, _3+ RD;; _4+RD;;_5).
Adjusted book value equals reported book value plus R&D capital. R&D capital
equals RD;;+ 0.8 XRD;;_ 1+ 0.6 XRD;; _»+0.4XRD;,_5+0.2XRD;,_ 4. Book-
to-market, earnings-to-price, and market capitalization are computed as of the fiscal
year-end. R&D-to-sales equals COMPUSTAT item no. 46 divided by COMPUSTAT
item no. 12.

The remaining data in Table 3 show that high R&D growth firms are charac-
terized by the lowest book-to-market ratios, reflecting investors’ strong growth
expectations from high R&D growth companies. These firms are also characterized
by relatively low earnings-to-price ratios, particularly pronounced at the medians.
This reflects the depressed reported earnings of these firms as a result of expensing
R&D. High R&D growth firms also tend to have high R&D intensity. The differ-
ences between the mean and the median firm sizes in each portfolio are large,
indicating the existence of very large firms in each portfolio.17

Table 4 presents data for the relationship between R&D growth and earnings
momentum (growth) for nine RDG(5) — EM(5) and RDS ranked portfolios, including
control for R&D intensity. For this analysis, portfolio formation starts in 1979
because we need five years to construct EM (5). As in the R&D growth and ROE
analysis (Table 3), sample firms were first ranked into high, medium, and low
five-year R&D growth minus five-year earnings momentum, RDG (5) — EM (5),
portfolios, and then, within each of those portfolios, into high, medium, and low
RDS portfolios. We expect (Proposition 2) that when RDG (5) is larger than
reported EM (5), the latter will be smaller than EM (5)€, and vice versa for RDG (5)
< EM(5). This indeed is the case in the high RDG (5) — EM (5) and the high RDS
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portfolio (left-most column), where the mean five-year R&D growth RDG (5) of
3.157 (315.7 percent over five years) is substantially larger than the mean reported
five-year earnings change EM (5) of —9.713, which in turn is smaller (conservative
reporting) than R&D-capitalized earnings momentum, EM (5)C, of —4.345. In the
case of low RDG(5) — EM (5) and medium RDS portfolio (second from the right-
most column), the mean five-year R&D growth of 0.436 (43.6 percent over five
years) is substantially lower than the mean reported five-year earnings change
EM (5) of 17.638, which in turn is larger (aggressive reporting) than the five-year
earnings change under R&D capitalization of 7.246. Thus, our model’s predictions
regarding the cutoff rates for conservative/aggressive reporting of earnings growth
and ROE are validated by the data.

The data in panel A of Table 4 show that, for all sample firms, the differences
between the mean reported earnings momentum and the momentum under R&D
capitalization are in all but one portfolio in the expected direction (the Medium
RDG(5) — EM(5) — high RDS is in the opposite direction, perhaps due to outliers).
Median values (reported in square brackets) exhibit similar patterns to the means.
Although mean and median patterns are consistent with Hypothesis 2 (2R), the
mean differences between reported and R&D-capitalized earnings changes
(reported in the row labeled Reported earnings momentum minus R&D-capitalized
earnings momentum) are not significant in any of the nine portfolios (Fama-
MacBeth 1973 ¢-statistics in parentheses). However, seven out of the nine median
differences between reported and R&D-capitalized earnings changes are signifi-
cant. These significance tests imply that there is high variability in the yearly mean
differences between reported and R&D-capitalized earnings changes that renders the
{-statistics insignificant.18

One way to reduce the variability in the mean differences is to consider only
firms with positive earnings after adjusting for R&D capitalization. The results
from such a subsample are reported in panel B of Table 4. Clearly, all nine median
differences between reported and R&D-capitalized earnings changes are now
highly significant. In addition, four out of nine mean differences are significant at
the 1 percent level and one at the 10 percent level. The most significant mean and
median differences are for the high R&D growth minus earnings momentum port-
folios (first three columns). A comparison of panels A and B of Table 4 reveals that
the firms of panel B are much larger in size and more stable (larger B/M and E/P
ratios) than the firms of panel A. In addition, a comparison of Tables 3 and 4
reveals that mean and median differences between reported and R&D-capitalized
earnings momentum, given R&D growth and R&D intensity (Table 4), are larger
than the differences between reported and R&D-capitalized ROE (Table 3). The rea-
son apparently lies in the larger effect of R&D capitalization on a change indicator
(earnings momentum) than on a levels measure (ROE). Evidently, the cross-sectional
variability of the earnings momentum bias is larger than that of the ROE bias.1?

Summarizing, our analyses validate the predictions of our propositions and
provide empirical support for the related Hypotheses 1 (1R) and 2 (2R): differences
between R&D growth rates and key profitability measures (earnings momentum
and ROFE) lead to systematic reporting biases in the profitability measures. In
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TABLE 4 (Continued)

Notes:

In each year from 1979 to 2003, sample firms are ranked by R&D growth minus earnings
momentum, and assigned into one of three equally sized R&D growth portfolios.
Each R&D growth portfolio is then subdivided into three equally sized R&D
intensity portfolios by ranking on R&D-to-sales (RDS). Values in the table are means
of yearly portfolio means and, in square brackets, means of yearly portfolio medians
of various variables over the 25-year period 1979—2003. Numbers in parentheses are
Fama-MacBeth #-statistics calculated using the 25-yearly mean values.

R&D growth equals [(RD, — RD, _4)/RD, _ 4], where RD is R&D expenditures
(COMPUSTAT item no. 46). Reported earnings momentum equals (earnings, —
earnings, _ 4)/learnings, _ 4|, where earnings, is COMPUSTAT item no. 172. R&D-
capitalized earnings momentum equals (adjusted earnings; — adjusted earnings; _ 4)/
|adjusted earnings; _ 4)|. Adjusted earnings, equals reported earnings; plus R&D
expenditures, minus R&D amortization,. R&D amortization, equals 0.2*(RD;, _
+RD;,_»+RD;, _3+RD;,_4+RD;_5). Book-to-market, earnings-to-price, and
market capitalization are computed as of the fiscal year-end. R&D-to-sales equals
COMPUSTAT item no. 46 divided by COMPUSTAT item no. 12.

general, companies with high R&D growth rates relative to their profitability
(often emerging industries, such as biotech, and young companies), report conserv-
atively, while low R&D growth companies (mature firms) report aggressively. The
analysis also indicates that the reporting biases are substantially larger for the earn-
ings momentum than for the return on equity. Thus, the widely held view that the
expensing of intangible investments generally leads to conservative profitability
reporting is a misconception. At the same time, the analysis reveals that the report-
ing bias in both ROE and earnings momentum is statistically significant. We now
turn to the question what, if any, are the effects of reporting biases (conservative/
aggressive reporting) on investors’ valuations.

5. The valuation consequences of reporting biases
Methodology

In this section we examine Hypotheses 3 and 4 — namely, whether the reporting
biases lead to stock market misvaluations. As mentioned above, behavioral finance
theory predicts that misvaluations will take place if investors fixate on the relation-
ship between reported profitability and R&D growth and see a trend in that
relationship. Corrections of any misvaluations will take place when the trend in
the relationship alters because investors notice the change and take the appropriate
action that corrects the misvaluation. Thus both hypotheses predict significant
abnormal returns reversals when the bias-driving variable reverses sign. To test
these hypotheses, we employ the following methodology. In each sample year, we
select firms for which the bias driving variable reverses from positive in year # — 1
to negative in year ¢, and from negative in year ¢ — 1 to positive in year ¢ and form
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three portfolios: (1) “positive to negative reversal” portfolio, (2) “negative to posi-
tive reversal” portfolio, and (3) “nonreversal” portfolio (the remaining firms in the
sample). We trace these firms back five years before the reversal to capture any
trends as the theory suggests, and one year after the reversal. For each of these
seven years and for each portfolio, we compute descriptive statistics and calculate
annual raw and abnormal returns. These annual returns are for the year following
the disclosure of the financial statements (the returns calculation starts from the
seventh month after fiscal year-end). The abnormal returns are the residuals from
the following cross-sectional regression:

Ri,j+ 1= Co’j + Cl,jﬁi,j + C27j1n(M)i7j + C3’jll'l(B/M)l"j + C4,jln(A/B)i’j
teg R jteji A3).

In (3), i denotes a sample firm and j denotes the year relative to the reporting
bias reversal year t — thatis, j=¢—5,t—4,1—3,t—2,¢t— 1, ¢, and t + 1. The vari-
ables in (3) are defined as follows.

R i1 = returns: one-year-ahead stock returns of firm i, starting with
the seventh month after fiscal year j year-end;
Bi. j = risk: CAPM-based beta of firm i, estimated from 60 monthly

stock returns up to one month preceding the one-year-ahead
return calculation at j; a minimum of 24 months is required;

M i = size: market value of firm 7, calculated as price times number of
shares outstanding at j, the beginning of the one-year-ahead
returns calculation period;

(BIM); ; = book-to-market: ratio of book value of common equity (COM-
PUSTAT item no. 60) plus balance sheet deferred taxes
(COMPUSTAT item no. 74) to market value of equity of firm i
at fiscal year j year-end (COMPUSTAT item no. 199 times
COMPUSTAT item no. 25);

(A/B);, j = leverage: ratio of book value of total assets (COMPUSTAT
item no. 6) to book value of common equity of firm 7 at fiscal
year j year-end;

[E®H)/M]; = earnings-to-price ratio: ratio of positive earnings before extra-
ordinary items (COMPUSTAT item no. 172) plus income
statement deferred taxes (COMPUSTAT item no. 50) minus
preferred dividends (COMPUSTAT item no. 19), to market
value of common equity of firm i/ at fiscal year j year-end; this
variable is set equal to 0 when earnings are negative;

(E/M dummy); ;=1 if earnings of firm i for fiscal year j are negative, and 0
otherwise;
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(RDC/M);, j = R&D capital: ratio of estimated R&D capital (2) over market
value of equity at fiscal year j year-end,;

R; ; = past return: stock return over the six-month period leading up
to the seventh month after fiscal year j year-end.

The advantage of calculating abnormal returns using (3) is that it allows us to
control for various well-known risk factors (beta, size, book-to-market ratio,
momentum) including R&D. We based (3) on Fama and French 1992, who
regressed stock returns on lagged values of the following fundamentals: systematic
risk (), firm size (market capitalization), book-to-market ratio, financial leverage,
and earnings-to-price ratio. It also controls for price momentum, documented by
Jegadeesh and Titman 1993, among others, by including the returns for the six
months before portfolio formation. In addition, it includes an R&D intensity meas-
ure — the R&D capital-to-market ratio — because Lev and Sougiannis (1996),
among others, found it to significantly correlate with future stock returns. Obvi-
ously, controlling for the R&D intensity effect is important in isolating a reporting
bias effect.20

Empirical results: ROE biases

For the case of ROE reporting biases, in each sample year we select firms for
which the difference ({RDG/[(RDG/2) + 1]} — ROE) reverses and form the “posi-
tive to negative reversal” portfolio, the “negative to positive reversal” portfolio, and
the “nonreversal” portfolio.

Table 5 reports the results from this portfolio analysis. Panel A presents the
results for the “positive to negative reversal” portfolio. The bias-driving variable,
R&D growth — ROE, reported in the first row of the panel shows a strong pattern:
for the five years prior to the reversal, the bias is consistently positive and even
monotonically increases, then it reverses by a substantial amount and remains neg-
ative but small at # + 1. Thus, the bias builds up to a significant positive value (that
is, it shows a strong trend) before it reverses to a negative value, and it takes, on
average, six years to reverse. Recall that the prediction for this portfolio is to be
undervalued, given the presence of conservative accounting.

Clearly, both raw and abnormal one-year-ahead stock returns, reported in the
second and third rows of panel A, peak in the year of the reversal. (Note that
reported returns are for the year following the disclosure of the financial statements
— namely, returns reported for year # — 1 are actually returns earned in year .)
Thus, raw and abnormal returns in year ¢ rise to 34.9 percent and 10.9 percent,
respectively, and then decline, suggesting that a correction takes place. In particu-
lar, the abnormal returns pattern is consistent with an initial undervaluation of this
portfolio. Thus, the abnormal returns are significantly negative in the three early
years, —8.7 percent, —9.7 percent, —13.7 percent, with corresponding Fama-MacBeth
t-statistics of —10.141, —9.312, and —9.203. However, they are not statistically
different from zero in the year before the reversal (3.0 percent, ¢-statistic 1.936),
significantly positive in the year of the reversal (10.9 percent, ¢-statistic 7.272), and
not significantly different from zero in the two years after the reversal (0.7 percent,
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—1.6 percent, with corresponding #-statistics of 0.536 and —1.553). Overall, for this
portfolio, there is strong evidence of a trend in R&D growth — ROE and of an initial
undervaluation with subsequent correction when the trend in R&D growth — ROE
alters.

The remaining data reported in the panel identify the characteristics of the
firms in this portfolio. On average, about 147 firms have positive to negative rever-
sals per year during our sample period. Their mean size (market capitalization) is
somewhat above $1 billion, systematic risk (beta) is well above the market’s aver-
age risk, and they are growth firms (E/P and B/M ratios below normal). These
firms allocate about 10 percent of their sales revenues to R&D (R&D-to-sales) and
their R&D growth rate is particularly strong in the five years before the reversal.
This strong R&D growth rate leads to an accounting conservative bias (consistent
with the above analysis), as evident in the comparison of reported ROE and
adjusted (R&D-capitalized) ROE: for the five years before the reversal, reported
ROE is consistently less than adjusted ROE, while in the year of the reversal and
the subsequent one, the opposite holds.

Panel B reports the findings for the “negative to positive reversal” portfolio.
The bias-driving variable, R&D growth — R&D, shows a declining pattern reaching a
large negative value in year f — 1 (=0.279) and reversing to a large positive value in
year ¢ (0.263). Unlike the previous case, the bias in this portfolio reverses in a
shorter period of time — namely, three years. Thus, in panel B we see two bias
reversals: one from positive to negative at  — 2 not by construction, and another
from negative to positive at ¢ by construction. That is, over the seven-year horizon,
these firms turn from conservative to aggressive accounting and then back again to
conservative accounting. The abnormal returns pattern in years # — 4 to £ — 2 is similar
to that in panel A — namely, abnormal returns in year ¢ — 2 rise to 10.5 percent
with a z-statistic of 8.728 and then decline. However, the abnormal returns pattern
in years ¢ — 2 to ¢ is opposite — that is, abnormal returns in year ¢ decline to —7.6
percent with a #-statistic of —8.234 and then increase. Taken together, the signifi-
cantly positive abnormal returns in years ¢ — 3 (3.2 percent, #-statistic 2.871) and ¢ — 2
(10.5 percent, t-statistic 8.728) are offset by the significantly negative abnormal
returns in years ¢ (—7.6 percent, 7-statistic —8.234) and 7 + 1 (—2.5 percent, ¢-statistic
—2.443).21 This evidence of significant abnormal returns reversals at the time of
ROE bias reversals is consistent with mispricing also taking place in this portfolio.
In addition, the shorter period of the bias reversal in panel B relative to panel A
implies that aggressive accounting persists over a shorter period than conservative
accounting.2?

The remaining data in panel B indicate that, on average, about 154 firms have
such reversals per year over the sample period. These firms are slightly smaller in
size, are more profitable, and have lower R&D growth than firms in panel A.
Again, the comparison of reported ROE and adjusted ROE is consistent with the
presence of conservative accounting when R&D growth — ROE is positive and,
with the presence of aggressive accounting, when R&D growth — ROE is negative.

Panel C reports the results for the “nonreversal” portfolio. Most of the sample
firms belong to this portfolio. The bias-driving variable has consistently large positive
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TABLE 5 (Continued)

Notes:

In each year from 1975 to 2000, we detect firms for which the difference {RDG/[(RDG/2)
+ 1]} — ROE reverses. For example, for 1980, we detect firms that had {RDG/[(RDG/
2)+ 1]} —ROE >01in 1979 but < 0 in 1980. This is our “positive to negative reversal”
portfolio. We also detect firms that had {RDG/[(RDG/2) + 1]} = ROE <0 in 1979 but
> 0 in 1980. This is our “negative to positive reversal” portfolio. The remaining firms
comprise the “nonreversal” portfolio. We trace these firms five years before and one
year after the reversal year. For each of these seven years and for each portfolio, we
report mean values of key characteristics including annual raw and abnormal returns.
These returns are for the year following the disclosure of the financial statements —
that is, we start the annual return calculation from the seventh month after fiscal year-
end. The abnormal returns are the residuals from the cross-sectional regression:

Ri,‘/+ 1= Co’j + Cl,jﬂf,j + CZ,_jln(M)i,j + c3’jln(B/M)l~,j + 64"/‘111(14/3)1‘,]‘

+ CS,j[E(+)/M]i,j + Cé,j(E/M dummy)i,j + C7’j11'l(RDC/M)l"j+ CB,jRi,j+ ei,j+ 1>
where j denotes the year relative to the reversal year r—thatis, j=t—5,¢t—4,t -3,
t—2,t—1,t and t + 1. (See variable definitions below.) We run this regression each

year for all firms and we report the mean of the yearly mean residuals and in parentheses
their Fama-MacBeth 7-statistics for the firms that belong to each portfolio.

R; ;1 is the one-year-ahead stock return starting with the seventh month after fiscal year j
year-end.

Bi. ; is the capital asset pricing model (CAPM)-based beta estimated from 60 monthly stock
returns up to one month preceding the one-year-ahead return calculation at j.

M; ; is firm market value calculated as price times number of shares outstanding at j, the
beginning of the one-year-ahead returns calculation period.

(B/M);_ ; is book-to-market ratio at fiscal year j year-end.

(A/B); ; is the ratio of book value of total assets to book value of common equity at fiscal

year j year-end.

[E(+)/M]; ; is the ratio of positive earnings to the market value of equity at fiscal year j
year-end and is equal to 0 when earnings are negative.

(E/M dummy); ;equals 1 if earnings for fiscal year j are negative and 0 otherwise.

(RDC/M); ;is the estimated R&D capital-to-market value of equity ratio at fiscal year j
year-end.

R; ;s the stock return over the six-month period leading up to the seventh month after fiscal
year j year-end.
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values, similar to those of the “positive to negative reversal” portfolio. Unlike the
other two portfolios, there is, however, no specific pattern in stock returns. Raw
and abnormal returns stay around 20 percent and O percent over the seven-year
horizon, respectively.23 This result increases our confidence that the patterns
observed in the two portfolios described above reflect mispricing and its correction.
It is also important to note that the yearly mean returns (not reported), especially
the abnormal returns, are remarkably consistent with the all-years mean returns for
each portfolio reported in Table 5. Thus, the returns results are systematic and not
driven by extreme values.

We summarize this portfolio analysis by plotting the average annual abnormal
returns (AR) for each of the portfolios over the seven-year horizon. Figure 1 shows
the three lines: AR-NR for the “nonreversal” portfolio, AR-PN for the “positive to
negative reversal” portfolio, and AR-NP for the “negative to positive reversal” port-
folio. Clearly, the AR-NR line is flat and close to zero. However, AR-NP and
AR-PN show patterns consistent with overvaluation and undervaluation, respec-
tively. AR-NP starts negative, increases to about 10 percent, then declines to —8
percent, and converges to 0 percent by 7 + 2, indicating correction of the overvalu-
ation. AR-PN starts negative, declines further to about — 14 percent, then reverses
to about 11 percent, and also converges to 0 percent by 7 + 2, indicating correction
of the undervaluation. Overall, these portfolio results provide substantial support
for Hypothesis 3.

Empirical results: Momentum bias

Table 6 reports results for portfolios formed on the basis of the earnings momentum
bias reversals. Thus, in each sample year we select firms for which the difference
RDG(5);; — EM(5);; reverses. We form three portfolios: (1) “positive to negative
reversal” portfolio, (2) “negative to positive reversal” portfolio, and (3) “nonreversal”
portfolio (the remaining firms in the sample). We trace these firms five years before
and one year after the reversal year. Panel A reports the results for the “positive to
negative reversal” portfolio. The bias-driving variable, R&D growth — EM, reverses
within a five-year period (positive from 7 — 4 to t — 1 and reverses to negative at ).
The expectation for this portfolio is to be undervalued given the presence of con-
servative accounting. Indeed, both raw and abnormal one-year-ahead stock returns,
reported in the second and third rows of the panel, peak in the year of the reversal.
(Note again that reported returns are for the year following the disclosure of the
financial statements — that is, returns reported for year 7 — 1 are returns earned in
year t.) Thus, raw and abnormal returns in year ¢ rise to 33 percent and 12 percent,
respectively, and then decline, suggesting that a correction takes place. In particular,
the abnormal returns pattern is consistent with an undervaluation of this portfolio.
Thus, the abnormal returns are significantly negative in the three early years, —9.6
percent, —6 percent, —6 percent, with corresponding Fama-MacBeth #-statistics of
—7.891, —4.364, and —3.421. They are, however, statistically positive in the year
before the reversal (4.9 percent, t-statistic 2.752), and especially in the year of the
reversal (12 percent, ¢-statistic 7.032), and are not significantly different from zero
in the year after the reversal (—0.1 percent, ¢-statistic —0.070).

CAR Vol. 22 No. 4 (Winter 2005)



Figure 1

Annual abnormal returns

R&D Reporting Biases and Their Consequences 1007

ROE bias reversal analysis
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Years from reversal

-0.10 —
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Notes:

Annual abnormal returns (AR) are plotted for three portfolios formed on the basis of ROE

bias reversals. In each year from 1975 to 2000, we detect firms for which the
difference {RDG/[(RDG/2) + 1]} — ROE reverses. For example, for 1980, we detect
firms that had {RDG/[(RDG/2) + 1]} — ROE >0 in 1979 but < 0 in 1980. This is our
“positive to negative reversal” (PN) portfolio. We also detect firms that had
{RDG/[(RDG/2) + 1]} — ROE >0 in 1979 but > 0 in 1980. This is our “negative to
positive reversal” (NP) portfolio. The remaining firms comprise the “nonreversal”
(NR) portfolio. We trace these firms five years before and one year after the reversal
year. For each of these seven years and for each portfolio, we calculate annual
abnormal returns using the residuals of the following cross-sectional regression:

Ri,j+ 1= CO,j + Cl, jﬁl,] + Cz,jln(M)i,j + cljln(B/M),-’j + C4,j1Il(A/B)i’j
+ (’S,j[E(+)/M]l,j + (’6,j(E/M dummy)l’] + (7’jln(RDC/M)l,]+ (,‘87le"‘]'+ el-7j+ 1>

where j denotes the year relative to the reversal year t—thatis, j=¢—5,t—4,1-3,
t—2,t—1,¢ and t + 1. These returns are for the year following the disclosure of the
financial statements — that is, we start the annual return calculation from the seventh
month after fiscal year-end. R; ;, | is one-year-ahead stock return starting with the
seventh month after fiscal year j year-end; j3; ;is the CAPM-based beta estimated
from 60 monthly stock returns up to one month preceding the one-year-ahead return
calculation at j; M; ;is firm market value calculated as price times number of shares
outstanding at j, the beginning of the one-year-ahead returns calculation period;
(B/IM)); j is book-to-market ratio at fiscal year j year-end; (A/B);, j is the ratio of book
value of total assets to book value of common equity at fiscal year j year-end;
[E(+)/M]; ;s the ratio of positive earnings to the market value of equity at fiscal
year j year-end and is equal to O when earnings are negative; (E/M dummy); ;equals
1 if earnings for fiscal year j are negative and 0 otherwise; (RDC/M); ;is the
estimated R&D capital-to-market value of equity at fiscal year j year-end; and R; ;is
the stock return over the six-month period leading up to the seventh month after fiscal
year j year-end.
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TABLE 6 (Continued)

Notes:

In each year from 1979 to 2000, we detect firms for which the difference R&D growth
minus earnings momentum (RDG (5) — EM (5)) reverses. For example, for 1980, we
detect firms that had RDG (5) — EM(5) > 0 in 1979 but < 0 in 1980. This is our
“positive to negative reversal” portfolio. We also detect firms that had RDG (5) —

EM (5) <01in 1979 but > 0 in 1980. This is our “negative to positive reversal”
portfolio. The remaining firms comprise the “nonreversal” portfolio. We trace these
firms five years before and one year after the reversal year. For each of these seven
years and for each portfolio, we report mean values of key characteristics including
annual raw and abnormal returns. These returns are for the year following the
disclosure of the financial statements — that is, we start the annual return calculation
from the seventh month after fiscal year -end. The abnormal returns are the residuals
from the cross-sectional regression:

Ri,j+ 1= CO,A]' + Cl,_/Bi,_/ + CZ,_jln(M)i,j + 63’jln(B/M),ﬂ,j + C4"/‘1H(A/B)i’j
+ CS,j[E(+)/M]i,j + C6,j(E/M dummy)i’j + C7yjll’l(RDC/M)l',j+ C&le‘,j'f' ei,j+ 1»

where j denotes the year relative to the reversal year r—thatis, j=t—5,¢t—4,t -3,
t—2,t—1,t and t + 1. (See variable definitions in the notes to Table 5.) We run this
regression each year for all firms and we report the mean of the yearly mean residuals and
in parentheses their Fama-MacBeth r-statistics for the firms that belong to each
portfolio.

Variables are as defined in Table 5.

The pattern and magnitude of abnormal returns in this case are quite similar to
those in the corresponding ROE bias reversal portfolio (Table 5, panel A). Both the
R&D and earnings growth rates for this portfolio display high variability over
the seven-year horizon (fifth and sixth rows). On average, about 143 firms have
such positive to negative reversals per year over our sample period. These are not
likely to be firms with a similar ROE bias reversal because they are larger in size
(market capitalization close to $2.5 billion), have lower systematic risk (beta), have
stronger growth (lower E/P and B/M ratios), and are more R&D-intensive (have
higher R&D-to-sales ratios) than the ROE bias reversal firms. A more direct com-
parison is described below.

Panel B reports the results for the “negative to positive reversal” portfolio. As
in panel A the bias-driving variable, R&D growth — EM, reverses within a five-year
period. It shows a declining pattern, reaching a large negative value in year t — 1
(—4.243) and reversing to a large positive value in year ¢ (3.315). The prediction
for this portfolio is to be overvalued given the presence of aggressive accounting.
Evidence of overvaluation and correction are present in both raw and abnormal
annual stock returns. Thus, while prior to the reversal year 7 raw returns are large
and positive (38 percent, 22.8 percent, 25.2 percent), they decline in year ¢ (9.6 per-
cent). Abnormal returns are positive prior to the reversal year (13 percent, 2 percent,
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4.4 percent), but statistically significant only in # — 4 (13 percent, ¢-statistic 6.158).
However, they become significantly negative in 7 — 1 (—6.9 percent, ¢-statistic —6.871)
and in the reversal year ¢ (—7.5 percent, t-statistic —6.282). Then they converge to 0
percent. This pattern is consistent with a market correction in this case as well. The
remaining data in this panel indicate that, on average, about 130 firms have such
reversals per year over our sample period. These firms have more stable R&D
growth rates than the firms in panel A but have highly variable earnings growth
rates. They are somewhat smaller in size but they have similar systematic risk, E/P,
B/P, and R&D intensity, as the firms in panel A.

Panel C reports the results for the “nonreversal” portfolio of about 624 firms
per year. Unlike the other two portfolios, there is no systematic pattern in the stock
returns. Raw returns and abnormal returns stay around 20 percent and O percent
over the seven-year horizon, respectively. Thus, the results in this panel are similar
to those in Table 5, panel C. Overall, the results of Table 6 indicate that the earn-
ings momentum bias affects investor behavior.

As we did with the ROE bias portfolio analysis, we summarize the earnings
momentum portfolio analysis by plotting the average annual abnormal returns for
each of the three portfolios over the seven-year horizon. Figure 2 shows the three
lines AR-NR for the “nonreversal” portfolio, AR-PN for the “positive to negative
reversal” portfolio, and AR-NP for the “negative to positive reversal” portfolio. All
the lines show a pattern consistent with our expectations. Thus, the AR-NR line is
rather flat and close to zero. The AR-NP line shows a clear overvaluation and a
subsequent correction pattern: starting positive, declining to negative values, and
converging to zero. The AR-PN line shows the opposite pattern: an initial undervalu-
ation, then abnormal returns building up to positive values, and converging to zero,
consistent with a correction. Overall, these portfolio results indicate that the earnings
momentum bias variable has valuation implications and thus provide support for
Hypothesis 4.

Simultaneous ROE and earnings momentum bias reversal

The above analysis is based on either the ROE or the earnings momentum reversal
analysis. It is, however, possible that for some sample firms reversals in both ROE
and earnings momentum biases occur in the same year. This can be an interesting
subsample to examine because firms with such reversals potentially become more
visible to investors and thus we expect to detect more pronounced returns patterns
than those presented above.

Table 7 reports the results from the simultaneous ROE and earnings momen-
tum bias reversal analysis. Panel A reports the results for the “positive to negative
reversal” portfolio. On average, 48 firms have such simultaneous reversals per year
over our sample period, which is about 33 percent of firms with either type of
reversal reported in panels A of Tables 5 and 6. The bias-driving variable, R&D
growth — ROE, shows a similar pattern but with larger values than those reported in
panel A of Table 5. The same is also true for the bias-driving variable, R&D growth
— EM (not reported). More importantly, raw and abnormal returns in the bias reversal
year t are larger that those reported in panels A of Tables 5 and 6. Thus, raw returns
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at ¢ are 42.2 percent versus 34.9 percent in panel A of Table 5 and 33 percent in
panel A of Table 6. Abnormal returns at ¢ are 17 percent (¢-statistic 5.201) versus
10.9 percent and 12 percent in panels A of Tables 5 and 6, respectively. Clearly, the
market reaction is stronger when both biases reverse from positive to negative.

Panel B reports the results for the “negative to positive reversal” portfolio. On

average, 45 firms have such simultaneous ROE and earnings momentum bias
reversals per year over our sample period. This is about 29 percent of firms with
ROE bias reversals reported in panel B of Table 5 and 35 percent of earnings
momentum bias reversals reported in panel B of Table 6. The bias-driving variable,
R&D growth — ROE, shows a similar pattern, with two reversals, as in panel B of

Figure 2 Earnings momentum bias reversal analysis

Annual abnormal returns

—— AR-NR 0.15—
— AR-NP
-~ AR-PN 0™,

7 0.05

Years from reversal

—0.10—

-0.15

Notes:

Annual abnormal returns (AR) are plotted for three portfolios formed on the basis of earnings

momentum bias reversals. In each year from 1979 to 2000, we detect firms for which
the difference R&D growth minus earnings momentum (RDG(5) — EM (5)) reverses.
For example, for 1980, we detect firms that had RDG (5) — EM(5) > 0 in 1979 but

< 01in 1980. This is our “positive to negative reversal” (PN ) portfolio. We also detect
firms that had RDG (5) — EM(5) < 0 in 1979 but > 0 in 1980. This is our “negative to
positive reversal” (NP) portfolio. The remaining firms comprise the “nonreversal”
(NR) portfolio. We trace these firms five years before and one year after the reversal
year. For each of these seven years and for each portfolio, we calculate annual abnormal
returns using the residuals of the following cross-sectional regression:

Rf,j+ 1= Co’j + Cl,jﬁi,j+ Cz,jln(M)l’j + C3’jln(B/M)l’j+ (‘4,jln(A/B)l!j
+ CS,j[E(+)/M]l,j+ C6»/(E/M dummy),’j+ C7’jln(RDC/M),’j+ C&le"j‘l' ei.j+ 1s

where the variables are as defined in Figure 1.
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TABLE 7 (Continued)

Notes:

In each year from 1979 to 2000, we detect firms for which both differences {RDG/[(RDG /2)
+ 1]} — ROE and RDG (5) — EM (5) reverse. For example, for 1980, we detect firms
that had {RDG/[(RDG/2) + 1]} — ROE and RDG (5) — EM (5) > 0 in 1979 but < 0 in
1980. This is our “positive to negative reversal” portfolio. We also detect firms that
had {RDG/[(RDG/2)+ 1]} = ROE and RDG (5) — EM (5) <0 in 1979 but > 0 in 1980.
This is our “negative to positive reversal” portfolio. The remaining firms comprise
the “nonreversal” portfolio. We trace these firms five years before and one year after
the reversal year. For each of these seven years and for each portfolio, we report mean
values of key characteristics including annual raw and abnormal returns. These
returns are for the year following the disclosure of the financial statements — that is,
we start the annual return calculation from the seventh month after fiscal year-end.
The abnormal returns are the residuals from the cross-sectional regression:

Ri,j+1 = CO,_/ + Cl,jﬂl',_]‘ + Cz’jln(M)l"j + C3’.]‘1H(B/M)I‘,j + C4’jll'l(A/B)l*,j
+ CS,j[E(+)/M]i,j + C6,j(E/M dummy),»,j + c7’jln(RDC/M)l~’j+ L.S,jRi,j-}_ ei’j+ 1>

where j denotes the year relative to the reversal year r—that is, j=¢—5,t—4, -3,
t—2,t—1,t and t + 1. (See variable definitions in the notes to Table 5.) We run this
regression each year for all firms and we report the mean of the yearly mean residuals and
in parentheses their Fama-MacBeth r-statistics for the firms that belong to each
portfolio.

Variables are as defined in Table 5.

Table 5. The returns patterns are also similar with abnormal returns at ¢ — 2 signifi-
cantly positive (10.1 percent, ¢-statistic 3.939), and at 7 not only significantly negative
(—9.4 percent, t-statistic —4.529) but also of larger magnitude (7.6 percent in
panel B of Table 5). Again, the market reaction appears to be stronger when both
biases reverse.

In Figure 3 we plot the average annual abnormal returns for each of the two
portfolios over the seven-year horizon. The line for the “positive to negative reversal”
portfolio, AR-PN, starts and stays negative for three consecutive years, indicating
strong undervaluation, then it become positive (reverses), and converges to 0 percent,
consistent with correction. The line for the “negative to positive reversal” portfolio,
AR-NP, displays the opposite pattern: starts and stays positive for three consecutive
years, indicating overvaluation, then becomes negative (reverses), and converges to
0 percent by ¢ + 1. The opposite movement in the two lines is clear and consistent
with undervaluation in one case and overvaluation in the other. The evidence from
these two portfolios provides strong support for our Hypotheses 3 and 4.

Sensitivity analysis

We carried out additional analyses to examine the sensitivity of the results reported
above. First, we used a three-year earnings growth rate calculation rather than five,
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with essentially identical results. In addition, because growth rates, the way we
calculated them above, can be noisy (excessive weight is placed on the first and
last observations), we also used the method employed by Dechow and Sloan 1997
that smoothes the calculation.24 Only marginal improvements appeared in some
results. Second, we examined whether large mergers and acquisitions have an
impact on our results by identifying sample firms with at least 50 percent change in
annual sales. We detected 2,098 such large mergers over our sample period. Of
those, 236 are for firms that belong to our “positive to negative reversal” portfolio
— that is, about 9 firms per year on average — and 189 are for firms that belong to
our “‘negative to positive reversal” portfolio — that is, about 7 firms per year on

Figure 3 Simultaneous ROE and earnings momentum bias reversal analysis

0.20
——AR-NP \
-===AR-PN 0.154
0104 N
7 0.05

Annual abnormal returns

Years from reversal

-0.15 -

Notes:

Annual abnormal returns (AR) are plotted for two portfolios formed on the basis of both
ROE bias and earnings momentum bias reversals. In each year from 1979 to 2000,
we detect firms for which both differences {RDG/[(RDG/2) + 1]} — ROE and
RDG (5) — EM(5) reverse. For example, for 1980, we detect firms that had
{RDG/[(RDG/2) + 1]} — ROE and RDG (5) — EM (5) > 0 in 1979 but < 0 in 1980.
This is our “positive to negative reversal” (PN ) portfolio. We also detect firms that
had {RDG/[(RDG/2) + 1]} — ROE and RDG (5) — EM (5) < 0 in 1979 but > 0 in
1980. This is our “negative to positive reversal” (NP) portfolio. We trace these firms
five years before and one year after the reversal year. For each of these seven years
and for each portfolio, we calculate annual abnormal returns using the residuals of
the following cross-sectional regression:

R jy1=co jtc, j.Bi,j +o jInM); j+c3 ;In(B/M); j+ ¢4 jIn(A/B); ;
+cs5 ;)[E(H)/M); j+ cg j(E/M dummy); ;+ ¢ ;In(RDC/M); j+cg iR; j+e; i1,

where the variables are as defined in Figure 1.
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average. We did not detect any large mergers in our “simultaneous ROE and earn-
ings momentum reversal” portfolio. We rerun the portfolio analyses excluding the
firms with large mergers, and observed minor changes in the results, but our infer-
ences did not change.

6. Summary and conclusions

In this study we ask the questions when is the immediate expensing of R&D (current
GAAP) conservative and when is it aggressive, relative to reporting under R&D
capitalization, and what are the capital-market implications of these reporting
biases. To address these questions, we construct a model of profitability report-
ing biases and identify the key drivers of the reporting biases: the differences
between R&D growth rate and earnings (change) momentum, and between R&D
growth and ROE. In general, companies with a high growth rate of R&D relative to
their profitability (typically, early life-cycle companies) report conservatively,
while firms with a low R&D growth rate relative to profitability (mature companies)
tend to report aggressively.

In our initial empirical analyses, we validate the predictions of the model on a
large sample of firms. Thus, profitability reporting biases are present in the data,
and they appear to be significant for both ROE and earnings momentum. We then
analyze the stock returns of the sample firms to examine whether investor valua-
tions are affected by the profitability reporting biases. We find evidence consistent
with investor fixation on the reported profitability measures. Thus, the stocks of
conservatively reporting firms appear to be undervalued, while the stocks of aggres-
sively reporting firms appear to be overvalued, and these misvaluations appear to
be corrected when the reporting bias reverses from conservative to aggressive, or
vice versa. In addition, the misvaluations are significant for both ROE and earnings
momentum profitability indicators. The misvaluation evidence we detect is consist-
ent with well-established behavioral finance findings and, in particular, with the
heuristic of representativeness that makes investors view patterns in reported data
as representative about future patterns and thus overreact.

The social relevance of systematic mispricing of securities is that it leads to
misallocation of resources in both the real and capital markets. Systematic under-
valuation of stocks, for example, implies that the underpriced firms are burdened
with excessive cost of capital, leading to suboptimal investment and stunted
growth. In the capital markets, mispricing of securities causes wealth transfers
between current and new shareholders. Alleviating mispricing is obviously beneficial
to firms, shareholders, and society at large. In closing, we should note, however,
that there is no assurance that a GAAP requirement for the capitalization of R&D
will eliminate all the current mispricings, although the preliminary evidence (e.g.,
Aboody and Lev 1998) is encouraging.

Appendix

If the growth rate of R&D expense is zero, then after a full amortization cycle is
complete, both capitalizing and expensing firms will have the same earnings, but
the capitalizing firm will have more assets and thus lower ROA (or ROE). To see
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this, set g = 0 and notice that both firms have the same income in years ¢ > T but the
assets/equity of the capitalizing firm is higher in all periods after T:

T-1
C T(T-1
BVAS =BVA,+ Y [’7} = BVA, + [%J C.

i=1

Thus, the capitalizing firm has a lower return on assets in any year ¢ < T. The
argument for return on equity is similar after adjusting for the tax rate.

The extension of this result to the case where the growth rate is nonzero involves
the observation that as long as the depreciation pattern used by the firm is stable, the
unrecorded R&D asset also grows at the rate g.25 That is, denoting the (unrecorded)
R&D asset at time n by RD_CAPn, the asset in year n + 1 will be (1 + g)RD_CAPn.
The consequences for ROE may now be derived. First, by definition, BVA,‘ =
BVA, + RD_CAP,,. Second, we have the following relationship between earnings
in year n measured under the two different accounting methods:

ES=E,+(1-1)RD_CAP,—RD CAP,_,)=E,+(1-7)gRD_CAP, _,.

Combining these results, we obtain a result that links the growth rate of expendi-
tures and the decision to capitalize or expense these expenditures with the reported
return on assets and equity. Before deriving this result, we state a simple but useful
fact as a separate lemma mainly for ease of reference.

Lemma 1

Suppose y + z > 0 and z > 0. Then for any x, y, (if—wlz)f@ >
z

X
y+z) y vy

Proof of Lemma 1
Cross-multiplying and using the fact that y + z and z are positive, we obtain:

(—x+W)Z)—C(:)x+w2x+x—z<2w2x—z<:>‘1}2)—c. |
(y+z) y y y z.y

Proof of Proposition 1

Let

x:En

w=(1-7)gRD CAP, _,

BVA,+BVA, _,
O
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C 4
_BVA,+BVA, | BVA,+BVA, , RD_CAP,+RD_CAP,_,
2 2 2

z

:RD_CAPn_l(l +§).

Substituting for E,¢ and BVA ¢ from the identities derived earlier, Lemma 1 shows
that

c

E E
ROA, = ; g > - .
/2(BVA,+BVA, ) VA(BVAS+BVAS_1)
_ En+w - En S W
V2(BVA,+BVA, |)+z  V2(BVA,+BVA, |) z

PEN En > (I—T)g
V2(BVA, +BVA, )~ 1+(V2)g

Note that in the expressions above, y, z, and y +z are all positive, as required in
Lemma 1. This establishes the result of the proposition for ROA. The analogous
criterion for ROE is ROE, = g/(1 + g/2). To see this, note that the difference in the
book value of equity is (1 —7)z (where z is as defined above). Thus, the analogous
ratio is w/(1 —7)z, yielding the required result. ]

Proposition 1 compares return on assets and return on equity across policies of
expensing and capitalizing expenditures. The intuition underlying the finding is
straightforward: under positive expenditure growth, earnings under expensing, E,,
are always less than earnings under capitalization, E,¢; however, total assets (or
equity) also increase under capitalization. The question then becomes whether the
numerator increase outweighs the denominator increase. The criterion stated in the
proposition provides a simple relationship between the growth rate of earnings and
the growth rate of expenditures that characterizes when a policy of expensing
R&D might lead to higher reported ratios. At a growth rate of zero, there is no
effect on the numerator, and it is always better to expense. As the growth rate
becomes increasingly positive, the gain in reported income outweighs the increase
in assets/equity resulting in a higher ROA/ROE under capitalization. This intuition
is straightforward; the interest in the proposition stems from the simplicity of the cut-
off point where capitalization increases ROA and, in particular, that this cutoff
does not depend on the length of the amortization cycle.

Proof of Proposition 2

Let E,, represent the earnings of the firm that expenses R&D, and EM,,= (E,, - E,, _ )/
E, _ | represent the earnings growth of this firm. Then the earnings of the
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capitalizing firm, E,¢, is givenby E,¢ =E, + (1+ )X, EG_| =E, _ | + X, where
X=ARD CAP, _,.
Therefore, the earnings growth of the firm that capitalizes R&D, denoted

EM,¢, is given by

vt En-En-1 _(E,
o= =

E,

—En_1)+[X(1 +g2)-X] _ (En—En_1)+Xg
En_1+X En_1+X

Using the lemma stated earlier, withx=(E, - E,_{),y=Xg,w=E, _;,andz=X,
we obtain EM,, 2 EM ¢ < EM, > g (notice that we need E,¢ > 0 to apply the
lemma). |

Intuitively, if the growth rate in R&D expenditures is positive, earnings are
always higher under capitalization. The same intuition shows that for any positive
growth rate in R&D expenditures, the earnings change, E,, — E,, _ |, is greater under
capitalization. The result in Proposition 2 shows that under high earnings growth
and low expense growth, the reduction in the denominator, E,, _ |, under expensing
is proportionately greater than the reduction on the earnings change, E, — E,, _ 1,
found in the numerator. For firms with these growth characteristics, earnings
growth is overstated under a policy of expensing R&D expenditures.

Endnotes

1. The only exception to the expensing of intangibles in the United States is the
capitalization of some software development costs, as required by Statement of
Financial Accounting Standards (SFAS) No. 86 (Financial Accounting Standards
Board [FASB] 1985). For an empirical examination of software capitalizations, see
Aboody and Lev 1998. For a discussion of the evidence concerning R&D benefits, see
Lev 1999.

2. “Thus if the animal spirits are dimmed and the spontaneous optimism falters, leaving
us to depend on nothing but a mathematical expectation, enterprise will fade and die”
(Keynes 1936, 161-2).

3. Kothari, Laguerre, and Leone (2002) report that the earnings volatility associated with
R&D is three times larger than that associated with tangible investment in property,
plant, and equipment.

4. By aggressive reporting, we do not mean that the companies “manage” or manipulate
their reported earnings. Rather, following the full expensing of R&D mandated by
GAAP results in an overstatement of the change in earnings, relative to the
capitalization of R&D.

5. Our evidence complements the evidence reported by Luft and Shields 2001, who use
an experimental setting in which the subjects are master of business administration
students. Evidence from the experiment indicates that when individuals use
information on intangible expenditures to predict profits, expensing the expenditures
(versus capitalizing) significantly reduces the accuracy, consistency, consensus, and
self-insight of individuals’ subjective profit predictions. The authors point out that,
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consistent with psychological theories of learning, individuals do not learn the exact
magnitude of the effect of intangibles on future profits as well when the intangibles are
expensed. The study implies that decisions based on the expensing of intangibles may
lead to mistakes. We confirm with actual data that indeed investors appear to make
mistakes, given the expensing of R&D.

Beaver and Ryan (2005) develop a theoretical model that allows for independent levels
of accounting bias in tangible and intangible assets. However, their notion of
conservatism is based on the relationship between book and market values, whereas
our definition involves a comparison of book values under alternative accounting
treatments. Although there are some general connections between the papers, the
specific point of the analysis in Beaver and Ryan concerns the interaction between the
expensing of intangibles and the write-down of tangible assets, rather than a direct
relationship between the treatment of intangibles and the consequences for market
prices. Specifically, Beaver and Ryan observe that the immediate expensing of
intangibles and an uncertain impairment yield noise in the relation between share
returns and write-downs of tangible assets.

7. Results are available from the authors on request.

10.

11.

12.

13.

14.

15.

A real-life example of such aggressive reporting of ROE is provided by Lev and
Sougiannis 1996 (appendix) for Merck & Co. In 1991, Merck’s annual R&D growth
rate was 15.7 percent, substantially lower than reported ROE (0.55). Our model (above)
suggests that in this case (where ROE > g/(1 + g/2)), the return on equity under
capitalization of R&D will be lower than ROE under expensing. This, indeed, is the
case for Merck: ROE under capitalization was 0.40 in 1991, compared with a reported
ROE of 0.55. Further, Merck’s reported three-year earnings change in 1991 (relative to
1988) was 76 percent. This growth rate is higher than the 1991 (three-year) R&D growth
rate (47.7 percent), and our model predicts that in this case the reported momentum
will be higher (aggressive reporting) than the earnings momentum under R&D
capitalization. This, indeed, is the case. The 1991 (three-year) momentum under R&D
capitalization is 70 percent, while the reported momentum is 76 percent.

There is significant psychological evidence indicating that people form their
predictions about the future without fully accounting for mean reversion (e.g.,
Kahneman and Tversky 1982).

Indeed, Aboody and Lev (2000) report that insider gains in R&D-intensive companies
are substantially higher than in firms with no (or low) R&D.

Uniform rates are frequently used in economic research (for example, the 15 percent
rate assumed in Hall, Cummings, Laderman, and Mundy 1988).

We also used a three-year growth rate calculation. The empirical results are almost
identical to those reported below.

A report by the Council on Competitiveness (Porter and Stern 1999) strongly warns
about dangers to U.S. competitiveness from decreases in the growth rate of R&D,
particularly basic research.

What we are actually testing here is that the aggregation into portfolios preserves the
relationship described in Propositions 1 and 2.

We thank an anonymous reviewer for this suggestion.
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Results based on the first variation are very similar to those reported in Table 3 and are
available on request. In our analyses, we controlled for outliers by eliminating firms
with negative book values and extremely large market-to-book ratios or earnings
momentum.

On the basis of a reviewer’s comment, we also allowed for the possibility of a
disproportionate R&D growth in the early years of the five-year period over which
R&D growth is measured. Thus, if in the first two years R&D growth is very high
relative to the last three years, the current ROE may not reflect the expected amount of
bias. To alleviate this concern we used a five-year ROE calculated as:

4
S _olE,_+ (R =1)D,_.]

ROE(5) =
®) (BVE, s+BVE,)/2

s

where E is reported earnings (COMPUSTAT item no. 172), D is common dividends
(COMPUSTAT item no. 21), BVE is book value of equity (COMPUSTAT item

no. 60), and R is 1 plus the average discount rate of 12 percent. The numerator is
cum-dividend aggregate earnings over the five-year horizon — that is, it also includes
earnings from the reinvestment of dividends and thus is consistent with Ohlson 1995.
We formed portfolios by ranking firms on five-year R&D growth minus five-year ROE,
[RDG (5) — ROE(5)], and R&D-to-sales. The results, available on request, are very
similar to those reported in Table 3.

We also run the momentum analysis using the first variation of the portfolio approach
— that is, initially classifying firms into three EM (5) portfolios and then, within each
EM (5) portfolio, classitying firms into three R&D growth portfolios. The results of this
analysis, available on request, are stronger than those reported in Table 4 — that is,
differences between reported and R&D-capitalized earnings changes in all nine
portfolios are in the expected direction. All median and three mean differences are
significantly different from zero.

Despite the nonlinearities in the theoretical relationships between the key variables
(R&D growth and profitability measures), we also carried out a regression analysis of
reporting biases. Specifically, we regressed for the pooled sample (with time and
industry dummy variables) the reporting bias — namely, the difference between the
firm’s reported and R&D-capitalized earnings momentum (that is, EM (5) — EM (5)C)
— on the theoretical driver of the bias the difference between R&D growth and reported
earnings momentum (that is, RDG (5) — EM (5)). Additional independent variables are
the squared difference between RDG (5) and EM (5) (to capture some nonlinearities),
log firm size, and R&D intensity (RDS). A similar regression was run for R&D growth
and ROE — namely, ROE — ROEC (the ROE reporting bias) — regressed on the following
variables: {RDG/[(RDG/2) + 11} — ROE, ({RDG/[(RDG/2) + 1]} — ROE)? , log firm size,
R&D intensity, and time and industry dummy variables. The estimated coefficients of the
“drivers of reporting biases”” — namely, RDG(5) — EM(5) and {RDG/[(RDG/2)+ 1]} — ROE
— are negative and highly significant, (-0.852, r = —42.74) and (-0.441, t = —-68.95),
respectively. These coefficients indicate that when the R&D growth rate is larger than
the earnings momentum, reported momentum tends to become smaller than R&D-
capitalized momentum (conservatism bias), and vice versa for R&D growth below the
earnings momentum (an aggressive bias). Similarly, as predicted by the model, for
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R&D growth above ROE, reported ROE will fall short of R&D-capitalized ROE
(conservative bias).

20. We also estimated (3) after adding the reporting bias in ROE or earnings momentum as
independent variables and examined the sign and significance of their coefficients. We
used the variables {RDG/[(RDG/2) + 1]} — ROE and RDG (5) — EM (5) directly in the
regression, and we also constructed bias score variables as suggested by Fama and
MacBeth 1973. We estimated monthly returns regressions as in Fama and French 1992
up to a seven-year-ahead horizon. The results show a positive coefficient for the bias
reversal from positive to negative, consistent with correction of undervaluation of these
firms at ¢, and a negative coefficient for the bias reversal from negative to positive,
consistent with correction of overvaluation of those firms at #. However, although
coefficient signs are consistent with mispricing corrections, the reporting bias variable
coefficients are not significant. The results and details of this analysis are available on
request.

21. The significantly negative abnormal return in 7 + 1 indicates a slow market reaction that
can be the result of short-selling constraints and transaction costs that delay market
correction (the limited arbitrage argument in behavioral finance — e.g., Shleifer 2000).

22. The patterns observed in the average values reported in panels A and B are also present
in yearly values. The persistence of aggressive accounting over a shorter period than
conservative accounting can be due to competitive forces that eliminate excess
profitability in short horizons.

23. The abnormal returns for # — 4, t — 3, and ¢ — 2 are small but still statistically significant.
However, there is no systematic pattern in these abnormal returns.

24. Under this method we fit a least squares growth line to the logarithms of the five annual
earnings or R&D observations.

25. By a stable pattern of depreciation, we mean that for an asset of value A bought in year
t, the depreciation in year  + 1, denoted by &, ,A, depends only on the value of n and is
independent of the year of purchase, r — that is, &, ,A = &; ,A for every s, £.We are
thankful to an anonymous referee for bringing this approach to our attention. Under an
assumption of straightline depreciation, a closed-form expression can be derived for
this unrecorded asset, as we showed in an earlier version of this paper.
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