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This paper provides empirical evidence in support of real option based equity valuation models
that relate share price to accounting earnings and book value. Our empirical results are generally
consistent with the predictions of several models, all of which are based on real options theory.
However, we find that the basic model, which includes components related to put and call
options, fits the data more efficiently and parsimoniously than do models modified for the
level of firm efficiency (i.e., accounting profitability measured as the return on common equity
book value). We also find that the fit of the basic model and the derived coefficients vary with
firm efficiency as measured by accounting profitability. We also test for the impact of capital
structure on equity valuation and find some evidence for the relevance of debt for loss firms
(i.e., low efficiency firms) and growth firms. We find anomalous results for loss firms, consistent
with previous research, and provide an explanation for them. Our research contributes to the
valuation literature by studying the empirical validity of a general real option based model and
thus extends previous empirical studies that were based more or less on an options approach.
Our contribution is significant in that there have been many theoretical papers on real options,
but few empirical studies of the predictions of these models.
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1. Introduction

The valuation of equity securities is of fundamental importance in accounting
and finance, and has been the subject of theoretical and empirical study over
many years. There have been a considerable number of papers that have exam-
ined the relationship between the market value of equity and various accounting
numbers reported in the financial statements. For example, Landsman (1986),
Barth (1991), and Shevlin (1991) examine the role of balance sheet measures in
equity valuation. Other studies such as Ball and Brown (1968), Barth, Beaver,
and Landsman (1992), Collins and Kothari (1989), and Collins, Maydew, and
Weiss (1997) examine an alternative income statement approach to equity
valuation based on earnings. In a more complete framework, Ohlson (1995)
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and Feltham and Ohlson (1995) combine the two approaches and show that,
under a certain reasonable set of assumptions, a firm’s value can be modeled as
a function of both the book value of equity and the level of earnings.

Although considerable progress has been made, there remain some funda-
mental questions that have still not been completely resolved. These include
(1) the real option fraction of equity value to expand or contract the scale of
operations; (2) financial implications of measures such as dividend payout,
capital structure, and capital expenditure (Rees, 1997); and (3) to a lesser
extent, the negative price-earnings anomaly observed for loss firms in the cur-
rent paper and in Jan and Ou (1995), Burgstahler and Dichev (1997), and
Kothari and Zimmerman (1995). Collins, Pincus, and Xie (1999) provide a
reasonable explanation and suggest adding the book value of equity to the
simple earnings model.

In his seminal paper, Myers (1977) conceptualized the idea of viewing a
firm’s growth opportunities as real options. He provides the theoretical frame-
work to value a firm as income generating assets-in-place plus the value of
growth opportunities arising from future discretionary investments. Although
there has been extensive research on theoretical real option models and appli-
cations since Myers’ (1977) article, there have been only a few empirical
studies in the real options literature. More specifically, Paddock, Siegel, and
Smith (1988), Bailey (1991), Quigg (1993), and Moel and Tufano (2002) com-
pare the net present value (NPV) with real options models. McConnell and
Muscarella (1985) investigate market reaction to positive NPV projects, and
Belkaoui (2000) uses a general regression model with corporate reputation,
multinationality, size, profitability, leverage, and systematic risk as variables
to estimate growth opportunities. In addition, Burgstahler and Dichev (1997)
include an adaptation option (i.e., the value of the option to convert a firm’s
resources to more productive alternatives) in an equity valuation model and
Berger, Ofek, and Swary (1996) consider an abandonment option.

The basic purpose of this paper is to extend our knowledge of the rela-
tionship of accounting numbers, specifically book value and earnings, to the
market value of equity using real option based valuation models. Following
Zhang (2000), this empirical study tests the predictions of a number of val-
uation models derived by supplementing standard valuation models with real
options theory. We run regressions of the various valuation models for our
full sample and several sub-samples stratified based on profitability levels. We
show that the predictions of the various models hold generally for our sample
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but that Zhang’s (2000) basic valuation model seems superior to his modified
models. Because of apparent empirical anomalies in some situations, we have
examined the assumptions and predictions of the real option based models
more closely. In addition, we consider the financial implications of capital
structure by modifying the operational version of Zhang’s (2000) basic model
to test the value relevance of debt for our sample stratified on profitability.
Finally, we show that, although a sub-sample of firms’ (i.e., loss firms) coeffi-
cients have a negative sign, our empirical findings are not anomalous but rather
quite consistent with the more detailed expectations from the model.

The current paper makes several contributions to the valuation literature.
First, it provides empirical evidence to support theoretical results based on real
options theory. Prior empirical findings are based on the earnings capitalization
model and the more complete, but intuitive, valuation models that include earn-
ings and book value as explanatory variables. This contribution is significant
since there have been few empirical studies that have tested predictions rooted
in real options theory. Second, we incorporate capital structure considerations
that are ignored in Zhang’s (2000) basic model and discuss the value relevance
of debt in equity valuation for cross-sectional stratified sub-samples. Third,
despite apparent anomalies, our empirical results are consistent with those of
previous research and provide further evidence on the variability of coefficients
in valuation models and suggest that Collins, Pincus, and Xie’s (1999) warning
on the interpretation of the coefficient of earnings be extended. This coefficient
appears to depend not just on whether earnings are positive or negative but
also on the profitability of the firm. Finally, the current research contributes
to the valuation literature by illustrating the convergence of two different the-
oretical valuation approaches that explain the value relevance of earning and
book value.

The rest of this paper is organized as follows: Section 2 provides the theoret-
ical background of the basic valuation model, derives predictions, and discusses
prior research. Section 3 discusses real option based equity valuation models
for analyzing the cross-sectional behavior of the properties of the valuation
function. It also develops predictions for the signs of the coefficients of the oper-
ational regression models. Section 4 provides details of the samples used in the
study. Section 5 describes statistical analyses and discusses the major findings
and results. Section 6 discusses and provides empirical evidence on the rele-
vance of capital structure in equity valuation. Section 7 resolves the anomalous
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relationship between earnings and equity valuation. Finally, Section 8 provides
conclusions and discusses the limitations of this study.

2. Background and Prior Research

Recent research has shown that the basic earnings capitalization model to
estimate a firm’s value is not satisfactory because it yields anomalous empirical
results for companies with negative earnings (loss firms) (Hayn, 1995; Jan and
Ou, 1995). Burgstahler and Dichev (1997) developed and empirically tested an
option-style valuation model, and showed that both book value and earnings
contribute to explaining equity value. They also show that the relationship is
convex in both earnings and book value, and that the relative explanatory power
of earnings and book value vary with accounting profitability. Collins, Pincus,
and Xie (1999) supplement the basic earnings capitalization model with book
value in order to address the loss firm anomaly. With their revised model, they
show that the anomalous results disappear and that the earnings coefficient of
the basic capitalization model is biased upward (downward) for profit (loss)
firms when the beginning of the period book value of net assets is not included
in the empirical tests (Collins, Pincus, and Xie, 1999).

Burgstahler and Dichev (1997) introduce the notion that market value
comprises two elements of value. These are adaptation value, which exempli-
fies the potential use of existing resources for alternative purposes, and recur-
sion value, which assumes the continued use of existing resources for current
purposes. They model market value as a function of a fixed adaptation value plus
a call option on the recursion value. Collins, Pincus, and Xie (1999) specifically
address the anomalous negative coefficient of earnings in the basic earnings
capitalization model and motivate the addition of book value by appealing to
Ohlson’s (1995) valuation model and the clean surplus relation. Their model
suggests that earnings be supplemented by book value because it serves as
a proxy for expected future normal earnings and abandonment value, i.e. a
put option,

More recently, Zhang (2000) developed a formal theoretical model for
equity valuation in a real options framework. Zhang (2000) makes quite rea-
sonable assumptions and shows that the Ohlson (1995) and Feltham and Ohlson
(1995, 1996) valuation approach can be modified to incorporate the options to
either abandon or grow a business, i.e. to include both put and call options.
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His model shows that the basic earnings capitalization model may be comple-
mented by an abandonment (put) option or a growth (call) option, depending on
the efficiency of the business. In addition, Zhang (2000) shows how the basic
model can be modified for different levels of efficiency and derives several
specific additional models for relating equity value to accounting numbers.

In Zhang’s (2000) basic model, the equity value depends on anticipated
future actions, specifically abandonment or discretionary additional invest-
ments. The decision as to which action to take depends on a firm’s efficiency and
growth potential. In conservative accounting settings, equity value is shown to
be a function of two accounting variables (earnings and book value) and mea-
surement bias. If accounting measures are assumed to be free from bias, the
model produces the following valuation function:

V., = B, Py(q) + kX, + GC.(q), (A)

where V; is the market value of equity at time 7; By, the book value of equity at
time ¢; X, the accounting earnings for the current period ending at time ¢; G,
the amount invested in new opportunities because of growth potential; k, the
capitalization factor = 1/(R — 1); R, 1 plus the risk-free rate of interest; g, the
operational definition of firm efficiency level;

‘1; —4r

1
Pi(q) = RER-1) / [95 — g: — Ver11f (Weg1) — dvey

14

is the value of the put option set, that is, to discontinue operations; and

1 v
Clg) = m / Vit + g0 — g1 f (i) — dveyg
q95—q:

is the value of the call option set, that is, to expand operations.

In the mathematical expressions for a firm’s call and put options, ¢, and
q:+1 are the internal rates of return of cash investment at time ¢ and ¢ + 1, which
represents a firm’s operating efficiency; g} is the lower bound of operating effi-
ciency that will trigger discontinuation of the firm’s operation (i.e., g, < q3);
q; is the upper bound of operating efficiency that will trigger an expansion of
the firm’s operation (i.e., ¢;+1 > g»); v, is a zero mean noise term pertaining
to operational efficiency that cannot be predicted; f(v,y1) is the probability
density function of operational efficiency defined over the region v,,; € v, V]
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with a zero mean noise term given by ff vf(v) —dv = 0. The variable g, is
analogous to the underlying asset in option terminology and has a time series
behavior ¢, = g; + v;11, i.e. it follows a random walk.

In order to investigate the cross-sectional differences in the behavior of the
valuation function, Zhang (2000) considers three types of firms that differ in
efficiency and/or growth potential:

(i) Low efficiency firms have a high probability of discontinuing and a low
probability of growth. For these firms, the put option P,;(.) is valuable, and
so BP;(q) accounts for a significant portion of the total value, whereas
the call option C,(.) is negligible.

(i1) Sready state firms have a sufficiently high efficiency that the probability of
discontinuing is low, but there is no growth potential. They are expected to
stay on the current course of operations, i.e., current earnings will continue
in perpetuity, and both P,(.) and C,(.) are negligible.

(iii) High efficiency firms have a high growth potential. For these firms, the
call option C,(.) is valuable, and so the value due to current earnings is
supplemented by G C.(.), which makes up a significant portion of the total
value, whereas P,(.) is negligible.

3. Real Option Based Equity Valuation Models

3.1. Model 1

We transform Zhang’s (2000) basic valuation Model A for any firm i, which
assumes that accounting measures are free of bias, to the following regression
model (Model 1):

Vie = a1 + B1Bis + 1 Xiy + €ir, (1)

where V;,, B;;, and X;; are the same as defined before, oy = GC.(q), f1 =
P;(g), i = 1/ry, and g, is the error term.

Since G > 0, r; = R —1 > 0 and the put and call options cannot
take negative values, we have the following predictions for the sign of the
parameters:

e The coefficient related to the call option will be zero or positive for all firms
(a1 = 0).
e The coefficient related to the put option will be positive for all firms (8; > 0).
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e The coefficient related to the current earnings will be positive and equal for
all firms (y; > 0 = constant).

The form of Model 1 suggests that the contribution of various terms of the
valuation function will vary with the efficiency of operations, as proxied by
profitability, g, of the firm. Analysis of the dependence of the coefficients of
Model 1 on profitability based on the properties summarized in Appendix A
shows that the following relations hold:

e da;/dq = GC,(q),

e 3f1/8q = Py(q),
e 0y;/dqg =0.

From the aforementioned terms, we make the following predictions of the
relative magnitude of the coefficients in Model 1 at different levels of
efficiency' (¢):

o The coefficient of the call option term («;) will be largest for growth firms
and smallest for low efficiency firms.

e The coefficient of the put option term (B;) will be largest for low efficiency
firms and smallest for growth firms.

e The coefficient of the current earnings term (y;) will be the same for all
firms.

3.2. Models 2—-4

Zhang (2000) suggests that it would be appropriate to examine separately sub-
samples that are homogeneous with respect to firm efficiency. Zhang (2000)
uses X,/B;_1, i.e., the firm’s current period profitability (return on equity)
as measured by accounting numbers, as a proxy for ¢, and makes a number
of other assumptions to derive from Model 1 plausible regression models for
firms with different levels of efficiency. To derive his models, Zhang (2000)
assumes that the book value is the same at the beginning and end of the year
(B; = B;_1). Although this is a reasonable assumption in most cases, it may
cause some empirical problems if the earnings represent a large percentage of
the book value, which could happen if the book value is small.

IThe predictions made here are consistent with predictions 1, 3, 5-7 in Zhang (2000).
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For low efficiency firms, the following regression model (Model 2) is
derived:

X2
Vie=ay + BBy + o Xiy + 6 (B ) + &ir, (2)
it
where?
[ 1
oy = T + Cl(ry) — Cé’(rf)rf] (Au);
[1— Ca C!(rs)r? u
B2 T+r; + Ce(ry) (rpry + 7 + 3)
1
V2= 1+ + Cl(ry) — Cé/(rf)rf];
o
2 3

0 < ¢4 < 1 is the cost of discontinuation; u, the accounting bias between the
accounting and economic values; Au = u, —u,_1, the bias between accounting
and economic earnings; and, &;, is the error term.

Since it is assumed that accounting measures are free of bias, Au = 0 and
u = (. Note that

Ccq) = R—(R—l) f [Verr + g — g7l f (V1) — dvep

959
is the call option to continue operations for low efficiency firms obtained using
the put-call parity condition.

Based on the properties of the valuation function developed by Zhang
(2000), which are summarized in Appendix A, plus the fact that options can-
not take a negative value, the following signs are predicted for the regression
parameters of Model 23

® (¥p = 0.
e The sign of B, cannot be determined (8, > 0 or 8, < 0 depending on the
magnitudes of C.(.), C.(.), and C/(.)).

2Note that the expressions for the coefficients here involve C¢(ry) rather than Ce(q) as in
Model 1.

3Note that these predictions are based on the assumption that accounting numbers are unbiased.
If there is a bias, the major change is that oy and o3 may be < 0 or > 0. See Zhang (2000,
pp- 281-282) where u > 0 but Au may be < 0 or > 0.
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e The sign of y, cannot be determined (y, > 0 or y» < 0 depending on the
magnitudes of C/(.) and C/(.)).
[ ] 82 > 0.

For steady state firms, the following regression model (Model 3) is derived:
Vie = a3 + 3 Xir + €ir, (3)

where a3 = Au/rys, y3 = 1/rf, and g;; is the error term.
The properties referred to the preceding terms yield the following predic-
tions for the signs of the regression parameters of Model 3:

.0[3=0,
[ ] )/3>0

For high efficiency firms, the following regression model (Model 4) is derived:

X; X \?
Vie=os+ vaXis + 64 (B_”) + Aq (B—t> + &y, 4

it it

where

Cl(rp)rs Au
as =G I:Ce(rf) — Co(rp)ry + A bicks +—,

2 rf

1 G
Y4 = r_» 04 =G [C;(rf) - C;/(rf)] ) Ay = EC;'(rf),
f

and ¢;,is the error term.
The properties referred to the aforementioned terms plus the fact that G > 0

yield the following predictions for the signs of the regression parameters for
Model 4:

e The sign of a4 cannot be determined (o4 > 0 or a4 < 0 depending on the
magnitude of C.(.), C,(.), and C/(.)).

® Vi > 0.

e The sign of 64 cannot be determined (s > 0 or 6§, < 0 depending on the
magnitude of C,(.) and C/(.)).

e and A4 > 0.

In Table 1, we summarize the sign predictions for the four models.
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Table 1. Predictions for all models used in the study.

Model type o; Bi Vi 8; 6; A
B X x%?/B X/B (X/B)?

Model 1

Low efficiency firms =0 >0 >0

Steady state firms >0 >0 =0

Growth firms >0 >0 >0
Model 2

Low efficiency firms =0 >0or >0o0r >0

<0 <0

Model 3

Steady state firms =0 >0
Model 4

Growth firms >0or<0 >0 >0or<0 >0
Notes:

Model 1: V;; = a1 + 1By + V1 Xir + &is-

Model 2: Vi, = a + B2 Bis + v2Xir +82(X2% /Big) + €4y

Model 3: V;; = a3 + 13X + €ir-

Model 4: Vi, = aq + yaXis +64(Xi¢/Bir) + 2a(Xir/Bi)® + €ir.

4. Sample and Variables

The sample is drawn from the COMPUSTAT database of active US firms over
the period 1988-2002 inclusive (i.e., 15 years of annual data for 10,357 compa-
nies representing 155,355 firm-year observations included in the active COM-
PUSTAT US file). The following data items are collected for each firm from
the COMPUSTAT database:

(1) The stock price at the fiscal year end adjusted for stock splits and stock
dividends occurring during the fiscal year (COMPUSTAT item number
A199; mnemonic PRCCF). This variable is coded “V” in the current study.

(2) The total common equity interest in the company, including common stock
outstanding adjusted for treasury stocks, capital surplus, and retained earn-
ings (COMPUSTAT item number A60; mnemonic CEQ).

(3) The number of common shares outstanding at the year end, excluding
treasury stocks and scrip (COMPUSTAT item number A25; mnemonic
CSHO).

(4) The income before extraordinary items and discontinued operations avail-
able for common equity net of preferred stock dividend requirements and
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before adding savings due to common stock equivalents (COMPUSTAT
item number A237; mnemonic IBCOM).

(5) Total Debt (TD) = [total long-term debt, plus current liabilities (COMPU-
STAT mnemonic DT; no item number exists for this variable)] + preferred
stocks (COMPUSTAT item number A130; mnemonic PSTK) + minority
interest (COMPUSTAT item number A38; mnemonic MIB).

Data items 2-5 are used to calculate the following variables (all on a per share
basis):

e B;, = CEQ/CSHO is the book value per share for firm i at time 7.

e X; = IBCOM/CSHO is the earnings per share before extraordinary items
and before discontinued operations for firm i at time ¢.

e X;/B;,_; is the accounting return on the beginning book value, which is
used as a proxy for profitability ¢g.

e TDBYV;; = (CEQ + TD)/CSHO is the total of the book value of common
equity plus debt per share for firm i at time ¢.

e TD;; = TD/CSHO is the total debt per share for firm i at time ¢.

After excluding firm-years that have missing data and negative book values plus
outliers [boundaries for inclusion are + 3 standard deviations from the median
for the variables earnings (X;,) and profitability (X;,/B;;—1)], the final sample
consists of 64,796 firm-year observations, of which 20,100 (31.0%) have neg-
ative earnings.4 To test for capital structure considerations (i.e., relevance of
debt), the sample size is further reduced to 63,026 firm-years due to missing
values for debt and debt-related variables.

5. Analyses and Results

5.1. Descriptive statistics

The mean, median, and standard errors for the variables used in Models 1
through 4 are given in Table 2. The median and mean values are noticeably
different for all variables, and the standard errors are relatively small compared
to the mean values for all variables.

“This proportion is somewhat higher than the value of 22.8% in the final sample of Collins,
Pincus, and Xie (1999). This is presumably because our sample includes firm-years from years
around the turn of the millennium when there was generally poor economic performance.
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Table 2. Descriptive statistics — full sample.

Variable/statistic Mean Median  Standard error

1% 14.36 9.50 0.06
B 7.60 5.07 0.03
X 0.23 0.35 0.01

X/B —0.12 0.08 0.00
X%B 0.90 0.10 0.03
(X/B)? 0.68 0.02 0.02

Table 3. Correlation coefficients — full sample.

Item 1% B X XB  X¥B (X/B)?
1% 1

B 0.63* 1

X 0.10* 0.10* 1

X/B 0.14* 0.15* 0.37* 1

X%B 0.08 0.04 —0.66* —037% 1

(X/BY2  —0.06 —0.10*  —020* —0.76* 0.38* 1

*The correlation coefficient is significant at the 0.01 level.

The correlation coefficients among the six variables for the full sample
used in this study are given in Table 3. For the full sample, there is a significant
correlation at the 1% level between share price and book value per share (63%)
as expected, but the correlations between share price and earnings per share
(10%) and book value per share and earnings per share (10%) respectively are
relatively low. The correlation coefficients for positive and negative earnings
firms in Tables 4 and 5, respectively, provide more insight into the association
of stock price and book value with earnings per share. For profitable firms, the
results in Table 4 show that share price is positively and significantly corre-
lated with book value per share (64%) and with earnings per share (62%); i.e.,
each of the two independent variables displays the same level of correlation
with stock price. The results for low efficiency (loss firms), in Table 5, show a
different correlation pattern; stock price is positive and significantly correlated
with book value per share (53%), but negative and significantly correlated with
earnings per share (—37%). Also, the results of Table 5 indicate a negative
significant correlation between book value per share and earnings per share
(—45%). Tables 3-5 also report significant correlations among other indepen-
dent variables X;;/B;;, X?,/B,-,, and (X;,/B;;)*, which are expected to be fairly
highly correlated. The correlation coefficients between variables with the same
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Table 4. Correlation coefficients — positive earnings firms.

Item 1% B X X/B  XYB (X/B)?
1% 1

B 0.64* 1

X 0.62* 0.67* 1

X/B 0.03 —0.12*  0.15% 1

X%B 0.18* 0.12*  053* 047% 1

(X/B)2  —001 —0.04 0.03  0.85% 0.34* 1

*The correlation coefficient is significant at the 0.01 level.

Table 5. Correlation coefficients — negative earnings firms.

Item 1% B X X/B XYB  (X/B)?
1% 1
B 0.53* 1
X —037%  —0.45* 1
X/B 0.06 0.19* 0.23* 1
X%B 0.17* 0.11% —0.75%  —0.39* 1
(X/B)2  —0.04 —0.12*  —0.15* 0.91*  037* 1

*The correlation coefficient is significant at the 0.01 level.

power of earnings (e.g., X;, with X;,/B;; and X?/B;, with (X;,/B;,) are pos-
itive, while those between variables having even and odd powers of earnings
(e.g., X;; with X,.Zt/B,-, and X;,/B;; with (X;;/B;;)?) are negative, which suggests
the need for further investigation.

Of utmost importance in these results is the correlation between share price
and earnings per share, which is positive for positive earnings firms, but negative
for negative earnings firms, while both are far removed from those for the full
sample in Table 3. These correlation results, thus, indicate that examining only
the correlation coefficients for the full sample masks the differences that show
clearly in the positive and negative earnings sub-samples. This suggests some
fundamental difference between the positive and negative earnings firms that
may impact the results for regression Models 1 through 4.

5.2. Diagnostic statistics

In this section, we assess our sample data to explore for the presence of
serial/autocorrelation and heteroscedasticity problems. Our analysis of full and
sub-samples reported in the results section reveals that our data are free from
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autocorrelation as the Durbin—Watson d statistic is always close to 2; the lowest
value of d is 1.86; the highest value of d is 2.01° (Gujarati, 1992). In addition,
we tested the data used in this study using Park’s test (see Gujarati, 1992) and
found no evidence of heteroscedasticity. The results of our tests indicate an R?
of 0.00 and a ¢-value of 0.00 for the variables (X;;) and (B;,), an indication of
homoscedasticity.

5.3. Resulits from Model 1

Firms in the full sample were ranked according to accounting profitability
(Xi:/Bj:—1), the proxy for firm efficiency (g), and separated into three approx-
imately equal-sized sub-samples. The low efficiency sub-sample consisted of
20,100 firm-years with negative earnings (loss firms), whereas the steady state
and high growth sub-samples each consisted of 22,348 firm-years reporting
positive earnings. The full sample plus the three sub-samples were fitted sep-
arately to the regression equation for Model 1, with the results as reported in
Table 6.

Table 6. Estimated regression coefficients (¢-statistics are listed below the coefficients) for
Model 1.

Profitability (g): full o B y Model  Prob. of Model

sample and B; X; F-value F-value adjusted R?

sub-samples

Full Sample: 5.57 1.15 0.20 20,957 0.00 39%
64,796 firm-years 84.10 20227 1215

Low efficiency-loss 3.79 0.90 —0.58 4,332 0.00 30%
firms: 20,100 3462 68.10 -26.02
firm-years

Steady state: 3.62 0.75 4.45 13,392 0.00 55%
22,348 firm-years 37.65  68.25 33.89

Growth: 22,348 7.34 1.08 2.52 9,207 0.00 45%
firm-years 61.37  54.69 26.56

Notes: Model 1: V;; = a1 + B1Bi; + v1 Xis + €ir. All coefficients are significant at the 0.00
level.

In general, based on Gujarati (1992), the presence or absence of positive or negative autocor-
relation depends on the calculated d statistics. Positive or negative autocorrelation is said to be
present if the value of d is close to zero or 4, respectively. As the value of the d statistic inches
close to 2, the more likely it is that autocorrelation is not present.
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The fit of Model 1 to the data for the full sample and the three sub-samples
is quite good as shown by the reasonable R? values and the large F values,
all significant at the 0.00 level. The fit is clearly poorest, although statistically
significant, for the low efficiency sub-sample, that is, the negative earnings
(loss) firms.

The coefficients for all four regressions in Table 6 are significant at the 0.00
level. In addition, the ¢-values of the intercept («) for the three sub-samples
are all statistically significant. For the full sample, all coefficients are signif-
icant and consistent with the predicted signs. For the three sub-samples, all
coefficients are also significant and consistent with the predicted signs except
for the coefficient of earnings (i) for the low efficiency (loss) firms, which
is negative and significant rather than positive as predicted. These regres-
sion results are consistent with the correlation coefficients that are given in
Tables 3-5.

The coefficient for the intercept («) for the growth firms (7.34) is larger than
those for the low efficiency (3.79) and steady state firms (3.62), which are close
to each other in value. This is consistent with the prediction that the call option
is most valuable for the growth firms but not for the other firms. The coefficients
of the book value (8) are close to 1 for the full sample and for the three sub-
samples. The coefficient for the book value (B) is larger for the low efficiency
firms than for the steady state firms, consistent with the expectation that the
put option should be more important for low efficiency firms. However, it is
unexpectedly large for growth firms.® Contrary to expectations, the coefficients
of earnings (y) are not the same for the three sub-samples. The results in
Table 6 show that the earnings coefficients increase quite markedly from the
low efficiency firms to the steady state firms and then decrease for the growth
firms, rather than being the same for all sub-samples as predicted. The fact that
the coefficient of earnings (y) is larger for the steady state firms is consistent
with the expectation that current earnings are more important for them than for
growth firms.

At this stage, several points should be noted: First, it seems clear that anal-
ysis of the full (pooled) sample masks important differences among the firms.

6Although the magnitude is unexpected according to the predictions of the model, it may be
rationalized as follows: First, there is no reason that a growth firm cannot have a put value.
Second, it may be argued that a growth firm is perceived more favorably than low efficiency and
steady state firms so that the put value of its assets exceed their accounting book value, whereas
the put values of low efficiency and steady state firms are less than their accounting book values.
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Stratification by profitability shows important differences that go beyond dif-
ferences in earnings and so can be usefully incorporated in empirical analy-
ses. Second, the effect of differences in profitability on the coefficient of the
book value (8) is not completely consistent with the predictions of the basic
options based valuation model. Third, the coefficient of earnings () not only
differs among sub-samples of firms but is significantly negative for the low
efficiency firms (—0.58 with a ¢-value of —26.02, significance: 0.00), contrary
to prediction.

5.4. Results from Models 2—-4

The results of fitting the low efficiency, steady state and growth sub-samples
described earlier separately to Zhang’s (2000) modified Models 24, respec-
tively, are presented in Table 7. The results in Table 7 show the adjusted R?
values of 30% for low efficiency, 45% for steady state, and 38% for growth

Table 7. Estimated regression coefficients (¢-statistics are listed below the coefficients)
for Models 2-4.

Profitability (g) o B 1% 8 0 A
sub-samples intercept B; X; X 2/B X;/B; (X;/B; )2

Low efficiency-loss
firms (Model 2):
20,100 firm-years;
adjusted R? = 30%;
F-value = 2,892 3.80 0.89 —0.66 —0.03
(0.00) 34.72 61.64 —18.16 —2.84

Steady state
(Model 3): 22,348
firm-years; adjusted

R? = 45%;

F-value = 18,309 5.99 11.65

(0.00) 60.88 135.31
Growth (Model 4):

22,348 firm-years;
adjusted R? = 38%;

F-value = 4,663 11.18 6.88 —-9.01 1.10
(0.00) 66.72 118.24 —14.51 10.25
Notes

Model 2: Vi; = a3 + B2 Bir + v2Xir + 82(X2 /Bir) + &is.
Model 3: Vs = a3 + y3X;; + €54
Model 4: Vi; = a4 + yaXis + 64(Xir/Bis) + Aa(Xit/Bir)* + iy
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firms. A comparison of data in Tables 6 and 7 shows that R? is the same for
low efficiency firms, and lower for the other two sub-samples.

The predictions for the coefficients from fitting Model 2 for the low
efficiency (loss) firms are not very specific so that testing them extensively is
not possible. Contrary to predictions, the intercept coefficient (o) is non-zero
and the return coefficient (8) is negative. The coefficient for the book value (8)
for Model 2 is positive and significant (0.89, t-value: 61.64), consistent with
the book value being a primary determinant of the value for loss firms. The
coefficient of earnings (y) is negative and significant (—0.66, t-value: —18.16),
which seems surprising. Both of these observations are consistent with what
was found using Model 1. The results of fitting Model 3 for the steady state firms
are consistent with the prediction for the coefficient of earnings (y), which is
positive and significant (11.65, ¢-value: 135.31). This shows that earnings are
very important in determining the share price for steady state firms as expected.
But the intercept coefficient («) is positive rather than zero as predicted.

The results of fitting Model 4 for the growth firms are also consistent with
predictions in that the only two specifically predicted signs, for (¥) and (§),
are correct. The coefficient of earnings () is positive and significant (6.88,
t-value: 118.24) showing that earnings are very important in determining the
market value of growth firms also. The magnitude and the significance of the
intercept term («) (11.18, r-value: 66.72) suggest that the call option is also
very important in determining the market value of these firms, as expected. The
profitability coefficient (¢) is negative and significant (—9.01, r-value: —14.51)
and significantly contributes to valuation. Also, the square of the profitability
coefficient (X) is positive and significant (1.10, ¢-value: 10.25). Both of these
results are consistent with predictions.

5.5. Comparison of results from Model 1 to results
from Models 2—-4

The values of the various coefficients and R? obtained from fitting the three
sub-samples to Model 1 and separately to Models 2—4 are summarized in com-
parative format in Table 8. A comparison of the results from Models 1 and 2 for
the low efficiency firms shows that Model 2 has the same explanatory power
as Model 1 even though it has an additional explanatory variable. Further, the
coefficients («), (B) and (y) in these two models are quite close. The negative
value for the return coefficient (§) is opposite to the predicted value, and its
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Table 8. Summary comparison of estimated regression coefficients and R? for low
efficiency, steady state, and high efficiency sub-samples using Models 1—4.

Profitability (g) sub-samples Model o B 1% 8 0 A R%(%)
Low efficiency (loss firms) 1 379 090 -0.58 — — — 30

2 380 089 -—-0.66 —0.03 - - 30
Steady state 1 362 0.75 445 - - - 55

3 5.99 - 11.65 - - - 45
Growth 1 7.34  1.08 252 - - - 45

4 11.18 - 6.88 - -9.01 1.10 38

magnitude is small, suggesting that it does not make a great contribution to
valuation.

A comparison of the results of Models 1 and 3 for the steady state firms
shows that Model 3 has a noticeably lower explanatory power than does
Model 1. Although earnings makes a very important contribution to valua-
tion in Model 3, the large changes in the intercept and earnings coefficients (o)
and (y) from those in Model 1 suggest that the former Model 3 is not properly
specified. The behavior here parallels that observed by Collins, Pincus, and Xie
(1999) in that book vaiue appears to be a correlated omitted variable in Model
3, leading to an upward bias in the coefficient of earnings (y).

A comparison of the results of Models 1 and 4 for the growth firms shows
that Model 4 also has a noticeably lower explanatory power than does Model 1,
even though it has two terms in place of the book value in Model 1. In addition,
the coefficients («) and (y) differ between the two models, suggesting that
Model 4 is also not well specified.

One reason for the poor performance of Models 2 and 4 may be the assump-
tion that the book value is the same at the beginning and the end of the year
(B; = B,_;) as was mentioned earlier. But both Models 3 and 4 do not appear
to be well specified, i.e., the omitted variable problem leads to biased coef-
ficients. In particular, the book value term, which is related to a put option,
plays an important role for both steady state and growth firms and should not
be omitted. This suggests that the absence of the variable “book value” is the
major problem, not whether the book value is measured at the beginning or
the end of the year in Models 2 and 4. The overall conclusion is that the basic
valuation Model 1 captures the information relevant for valuation in a more
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efficient and parsimonious manner than do Models 2—4 and should be the basis
for any further analysis.

5.6. Further analysis of full sample

A further analysis of the sample data was undertaken in order to investigate the
apparently anomalous behavior of the low efficiency firms identified before.
The sample was ranked from the lowest to the highest accounting profitability
(X,/B,_,) and split into deciles. (Note that the first three deciles, i.e., those
with the lowest profitability, include all the loss firms that gave the anomalous
results identified earlier). This procedure was motivated by the predictions
made earlier that the coefficients ¢ and 8 should vary with profitability. The
formation of deciles that are more homogeneous in profitability should fit the
data more efficiently and parsimoniously.

The results of fitting Model 1 for deciles are presented in Table 9. The
fit to Model 1 for all deciles is quite good as measured by the R? and F
values, although they vary noticeably among deciles. Also, all coefficients are
significant at the 0.00 level, except for the coefficient of earnings (X;,) for
decile 2, which is not significantly different from zero.

As stated in Section 3, this study predicts that the intercept coefficient (o)
(i.e., call option) should be positive and increase with profitability. The results
in Table 9 show that « is positive in all deciles and generally increases as
expected with profitability. The results in Table 9 also support this paper’s
prediction that the coefficient for the book value (8) is positive for all deciles
and shows a general decrease with profitability although the actual results
reveal that the trend is not completely clear or smooth. The results in Table 9
do not support our prediction that the coefficient of earnings (y) is positive
and is the same for all deciles. As the data in Table 9 indicate, the coefficient
of earnings (y) is positive as predicted only for the seven highest profitability
deciles. Conversely, the coefficient () is negative and significant for deciles 1
and 2, while not being significantly different from zero for decile 3. The results,
however, show a generally increasing trend with profitability. These results are
consistent with the negative sign found for the coefficient of earnings (y) for
the analysis of the low efficiency (i.e., loss) firms using Model 2 and with the
correlation coefficients in Table 5.

The stratification implemented in Table 9 may lead to two problems: First, it
may not create homogeneous strata due to the fact that the stratification is based
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Table 9. Estimated regression coefficients (¢-statistics are listed below the coefficients) for
Model 1 — full sample split into deciles on profitability (g).

Profitability Firm-years o BB; vX; Model Model

(g) deciles Intercept adjusted Rz(%) F-value

Full sample 64,796 5.57 1.15 0.20 39 20,957
84.10 202.27 12.15

1 (Lowest) 6,480 4.61 1.67 —0.11 33 1,627
21.32 37.80 —2.89

2 6,480 3.68 0.97 —0.21 27 1,182
20.18 26.77 —2.29(0.02)

3 6,480 3.31 0.86 —0.01 36 1,852
20.87 53.90 ~0.07(0.94)

4 6,480 3.38 0.86 1.65 46 2,743
19.68 48.03 3.07

5 6,480 3.25 0.80 3.46 56 4,178
19.10 22.43 6.37

6 6,480 4.15 0.85 3.14 53 3,624
21.35 14.53 5.26

7 6,480 4.18 1.08 2.09 60 4,909
22.64 15.94 3.84

8 6,480 4,78 0.48 7.21 58 4,514
24.72 6.58 14.81

9 6,480 6.12 0.21 8.90 55 3,912
28.76  2.57(0.01) 20.98

10 6,476 10.08 1.56 0.48 31 1,455
41.65 26.79 2.92

Notes: Model 1: V;; = a1 + B1 Bi; + y1 X1 + &5;. Coefficients are significant at the 0.00 level
except as indicated in brackets.

on a sample split into 10 equally sized groups and does not, accordingly, result
in a homogeneous profitability in, or a smooth change in profitability between,
strata. Second, each of the 10 strata may not represent a homogeneous pool
of firm-years. It is possible that the empirical results in Table 9 are influenced
by a high level of intra-decile variability in profitability (g). As a result, an
alternative approach to stratification of the full sample is also employed. Firms
with profitability less than —1.00 and greater than +1.00 were put into separate
sub-samples for further analysis. The firms with a profitability in the range
—1.00 to +1.00 were divided into 10 sub-samples, each with a profitability
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range of 0.20. The results of fitting each of these sub-samples to Model 1 are
reported in Table 10. )

The data in Table 10 indicate that the number of observations in each
new stratum varies considerably among the strata, with the highest number
in the stratum 0.00-0.20 (32,434 firm-years) and the lowest in the stratum
0.80-1.00 (274 firm-years). In addition, the empirical results in Table 10 reveal
that Model 1 fits the data quite well as measured by R? and F values, although
they also vary noticeably among strata. The coefficients () and (8) are positive
and statistically significant for all sub-samples. They also show the expected
variation with profitability, although the trends are once more not completely
smooth. The earnings coefficient (y) is seemingly erratic in behavior. For the
sub-samples with a profitability above +0.40, it is insignificant. For the sub-
samples with a negative profitability, the behavior is mixed. It is not significant
in the range —0.40 to 0.00, positive and significant in the range —0.80 to —0.40,
and negative and significant in the range below —0.80. The results for the neg-
ative profitability strata are consistent with the results in Table 9. The fact that
the model produces poor results for large negative and positive profitabilities
is not unreasonable as it is unlikely that Model 1, or any relatively simple
model, would fit well over a wide range of profitability. Rather, it is reasonable
to expect Model 1 to fit the data over a “reasonable” or “narrower” range of
profitability. The empirical results in Table 10 indicate that Model 1 produces
better results in the range between —0.20 and +0.20.

Based on the aforementioned remarks, we re-examine the Model 1 fit for a
narrower profitability range (—0.20 to +0.20), which is actually quite a wide
range of profitability (g) as it is unlikely that a firm would consistently have a
profitability outside that range in the normal course of events. The observations
in the profitability range —0.20 to +0.20 were separated into 10 sub-samples,
each covering a profitability range of 0.04. The observations in each of these
sub-samples were fitted to Model 1, yielding the results reported in Table 11.
The number of observations varies a fair amount among the sub-samples, from
a low of 1,214 firm-years (—0.20 to —0.16 profitability range) to a high of
7,734 firm-years (0.12-0.16 profitability range). The fit of the data is quite
reasonable for all deciles as measured by the R? and F-values, and is much

TWe refitted Model 1 for nine industry groups based on the first digit SIC code. The results
of the analysis indicate some industry effect since few independent variables are positive and
significant for some industry groups.
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Table 10. Estimated regression coefficients (s-statistics are listed below the coefficients) for
of Model 1: Full sample split on profitability (g) range —1.00 to +1.00.

Profitability Firm-years o BB; v X; Model Model
(g) deciles Intercept adjusted R*(%) F-value
Full sample 64,796 5.57 1.15 0.20 39 20,957
84.10  202.27 12.15
< —1.00 1,769 6.82 1.77 —0.50 32 415
13.57 18.31 —6.70
—1.00 to —0.80 791 3.80 1.78 —0.29 31 176
5.97 13.69 —3.43
—0.80 to —0.60 1,603 3.96 1.82 0.19 37 465
11.51 20.55 2.99
—0.60 to —0.40 2,558 3.38 2.44 1.11 44 997
11.60 30.88 11.70
—0.40 to —0.20 4,309 3.63 1.00 —0.18 26 749
16.33 18.58 —1.59(0.11)
—-0.20-0.00 9,070 3.46 0.88 —0.03 34 2,360
2444 5792 —-0.30(0.77)
0.00-0.20 32,434 4.00 0.66 5.73 56 20,838
48.85 69.92 63.44
0.20-0.40 9,044 7.33 0.72 5.59 47 3,964
37.66 11.87 19.70
0.40 -0.60 1,571 10.82 1.46 1.00 25 266
20.25 6.14 1.50(0.13)
0.60 - 0.80 571 12.08 0.55 1.60 24 93
14.79 242 2.73(0.01)
0.80 - 1.00 274 8.39 2.30 0.15 46 119
7.58 7.16 0.25(0.81)
>1.00 802 9.24 1.47 0.03 25 131

18.24 10.50  0.14(0.89)

Notes: Model 1: V;; = a1 + 1 Bj; + 1 X;; + €i;- Coefficients are significant at the 0.00 level
except as indicated in brackets.

better for the positive profitability sub-samples than for the negative profitabil-
ity sub-samples. The coefficients («) and (B) are all positive and significant,
and in general terms, show, the expected variation with changing profitability.
The earnings coefficient (y) varies with profitability. It is positive and signifi-
cant for a positive profitability, not significantly different from zero near zero
profitability, negative for a somewhat negative profitability and positive for a
more negative profitability.
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Table 11. Estimated regression coefficients (¢-statistics are listed below the coefficients) for
of Model 1: Sample split on profitability (¢) range —0.20 to +0.20.

Profitability Firm-years o BB; y X; Model Model
(g) ranges Intercept adjusted R? (%) F-value
-0.20to —0.16 1,214 346 1.22 1.03 33 300
8.58 1021 2.01(0.04)
—-0.16 to —0.12 1,458 4.04 1.45 3.79 27 271
10.86 12.42 5.74
—0.12 to —0.08 1,678 2.84 1.04 041 37 497
8.92 28.86 3.61
—0.08 to —0.04 2,113 2.80 0.75 —2.84 39 665
10.03 17.70 —5.87
—0.04-0.00 2,607 3.83 0.77 —-1.13 37 767
14.78 33.05 —2.21(0.03)
0.00-0.04 4,982 345 0.83 1.70 46 2,096
17.99 39.15  2.40(0.02)
0.04-0.08 6,389 3.13 0.84 2.86 56 3,990
18.04 24.66 5.08
0.08-0.12 7,732 4.05 0.81 3.56 53 4,431
23.15 16.56 7.03
0.12-0.16 7,734 4.14 0.85 4.19 60 5,912
2433 13.64 8.56
0.16-0.20 5,597 5.22 0.36 7.79 58 3,855
25.09 4.56 15.36

Notes: Model 1: V;; = a1 + B1B;; + y1X;; + &j;. Coefficients are significant at the 0.00 level
except as indicated in brackets.

It appears that the fit of Model 1 to the sample and the various sub-samples
is quite good over the profitability range of —0.20 to +-0.20 and the coefficients
() and (B) are generally as expected. The negative coefficient of earnings (y)
is the only major source of inconsistency with predictions.

6. Financial Management Considerations®

Zhang’s (2000) model is based on a set of assumptions similar to those of
the Ohlson (1995) and Feltham and Ohlson (1995, 1996) valuation models.

8We thank two anonymous referees for pointing this out, which improved an earlier version of
this paper.
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These models rely on some form of the Miller and Modigliani (1961) dis-
count dividend model which assumes that current earnings are an adequate
characterization of future earnings and dividends and assumes capital structure
irrelevancy (Modigliani and Miller, 1958). According to Rees (1997), there are
several theoretical and empirical research studies (e.g., Ross, 1977; Leland and
Pyle, 1977; Ashton, 1991; McConnell and Muscarella, 1985) that argue for
financial management considerations such as dividend payout, debt levels, and
capital expenditure in equity valuation. In this section, we relax the debt irrel-
evancy assumption in Zhang’s (2000) basic model to examine the relevance of
debt for cross-sectional samples.

Our approach is similar to the approach used by Rees (1997) where we
modify (Model 1) the operational version of Zhang’s (2000) basic theoretical
model given in Model A.° In order to examine the value relevance of debt, we
restate the book value of equity of a firm i as total capital (C;) less total debt
(D;) given by

Bit = Cit - Dit-
Substituting the value of (C;), we get
Bit = (Bit + Dit) - Dit-

We next substitute the value for (B;) in Model 1 to obtain the following regres-
sion model with debt (Model 5):

Vi = af + Bi(Bit + Diy) + B2Di, + ! Xiy + €i1. ®)

When 82 = —B!, Model 5 reduces to Model 1. Therefore, in order to test for
the relevant role of debt, we predict that |8]| = |8#| and B} > 0 and B2 < 0 if
the amount of debt is irrelevant to the market value of equity.

6.1. Results from Model 5

The results of fitting regression equation for Model 5 to the full sample plus
the three profitability sub-samples of low, steady state, and growth are given
in Table 12. The coefficients for all four regressions are all significant at the
0.00 level. As predicted, for the full sample and the three sub-samples,
the coefficients of debt are negative (87 <0) and of total capital (debt plus
the book value of equity) are positive (,811 > (). For the full sample of 63,026

9Note that we do not develop a theoretical model.
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Table 12. Estimated regression coefficients (z-statistics are listed below the coefficients) for
Model 5.

Profitability (¢): o« BB;+D; B%D; yX;  Model Prob.of Model
full sample and F-value F-value adjusted
sub-sample R*(%)
Full Sample:
63,026 4.77 1.33 -1.327 —-0.695 10519 0.0 33
firm-years 54.60 165.33 —147.85 —34.64
Low efficiency-loss
firms: 18,530 1.97 1.212 —-1.291 -1.49 2435 0.0 28
firm-years 10.34 50.05 —47.11  —43.60
Steady state:
22,248 3.34 0.803 —0.791 4.34 8525 0.0 54
firm-years 33.62 69.90 —64.26 3297
Growth:
22,248 6.812 0.956 ~0.966  3.567 6083 0.0 45
firm-years 53.29 50.21 —49.67 37.24

Notes: Model 5: V;; = a} +ﬂ11 (Bis+Djy) +ﬁ12Di, + yll X;r +eir- All coefficients are significant
at the 0.00 level.

firm-years, the two coefficients are equal (| 8] | = | 8 f | = 1.33) in value but oppo-
site in sign. We observe similar interpretation for steady state firms where
IB1| ~ |B% = 0.803 ~ 0.791. Therefore, for both the full sample and steady
state firms, our results indicate that debt is irrelevant to firm value. However,
the results indicate that debt plays some role in equity valuation for both low
efficiency (loss firms) and growth firms. For both these sub-samples, the coeffi-
cient of debt is larger than the coefficient for the total capital (debt plus the book
value of equity) | 87| > |8} | (i.e., alow efficiency: 1.291 > 1.212 and a high effi-
ciency: 0.966 > 0.956), an indication of debt relevance. However, judging by
the absolute magnitude of the difference of B and ,312, debt is more relevant for
loss firms than for growth firms.!® While the role of debt in equity valuation is
mixed, the empirical evidence indicates that debt is more likely to play a role
as a quality indicator in equity valuation at the extremes: loss firms and growth
firms.

We performed a further analysis by fitting Model 5 to sub-samples based on
deciles. The results are presented in Table 13. The coefficients for all regressions

10Rees (1997) looked only into the direction of the difference. He has not tested for a significant
difference between regression coefficients.
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Table 13. Estimated regression coefficients (¢-statistics are listed below the coefficients) for
Model 5: Full sample split into deciles on profitability (g).

Profitability Firm-years o BB, +D; B%D; vX; Model  Model
(g) deciles Intercept adjusted F-value
R%(%)
Full sample 63,026 4.768 1.33 —-1.327  —0.695 33 10,519
54.604 165.33 147.85 —34.64
1 (Lowest) 6,303 2.078 2.182 —2.348 —1.096 31 930
4.994 28.11 —-27.963 -17.317
2 6,303 1.803 1.138 —-1.233 —-1.675 26 729
6.314 19.698 —20.282 —12.04
3 6,303 2.966 0.993 —0.994 0.167 37 1,231
16.148 53.958 —47.195 1.58(0.11)
4 6,303 3.148 0.826 —0.768 3.012 44 1,632
16.425 43.811 —34.74 7.04
5 6,303 3.052 0.741 —-0.712 4313 57 2,790
17.874 27.243 —25.053 11.062
6 6,303 3.757 1.002 —1.006 2.465 53 2,381
18.36 20.02 —19.958  4.927
7 6,303 3.83 0.919 —0.937 4.405 62 3,410
19.892 14936  —15.228 9.095
8 6,303 4.96 0421 —0.438 8.287 59 3,044
24.232 6.698 —6.936  20.748
9 6,303 5.852 0.628 —0.639 7.534 51 2,147
23.286 8.998 —9.131 21.579
10 6,299 8.966 0.647 —0.663 2.857 30 896

35.685 19.729 —19.054 22351

Note: Model 5: V;; = oz% + /311 (Bjy + Djy) + ,BlzD,-, + yll Xt + ;¢ Coefficients are significant
at the 0.00 level except as indicated.

are significant at the 0.00 level. As previously observed, the coefficient for total
capital (debt plus the book value of equity) is larger than the coefficient for debt
in deciles 4 and 5, which are steady state firms indicating value irrelevancy.
The coefficient of debt is larger than the coefficient of total capital (debt plus
equity) for deciles 1-3, which pertain to loss firms, indicating that debt plays
some role as a measure of risk in equity valuation. A similar result is observed
for growth firms (deciles 6 through 10), which indicate its value relevance for
high profitability firms. Therefore, we can conclude that, similar to previous
empirical research (Ross, 1977; Leland and Pyle, 1977; Rees, 1997), debt is
relevant with regard to equity valuation in a real option setting.
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6.2. Impact of bias in accounting measures

We noted earlier that the major difficulty with the coefficients from fitting the
three sub-samples to Model 1 reported in Table 6 is with the coefficient of
earnings (y), which is not constant at different profitability levels as predicted
by the basic theory, but s, in fact, negative for the low efficiency firms and shows
a generally increasing trend with profitability. This same behavior is shown for
the results based on different stratification approaches in Tables 9-13. In this
section, we provide an explanation for the variation of the coefficients.

Zhang’s (2000) basic model shown in Equation (A) was derived under the
assumption that accounting measures are unbiased.

Ve = B Pilq) + kX; + GC.(q). (A)

Zhang’s more complete model based on economic measures (Zhang, 2000,
pp. 278-279) includes the effects of accounting bias as shown in Equation (B):

X, + Au;

1
V,=—(X;,+ A P
t (X: u;) + d<Bt—]+ut—l

“R_-1 )(Bt+ut)+

(B)

+ GCe (_Xi_Au_t) .

B 1+ up
The specific biases are as follows:

e Bias in book value = Economic value — Accounting book value = u;.
o Bias in earnings = Au, = u, — u;_;.

Zhang argues that the following relationships hold under the assumption that
accounting is conservative:

e The bias in book value u, is always positive (u; > 0).
e The bias in earnings Au, has the following behavior:

o Au; <0 following periods of investment decline, ie., for low
efficiency firm-years;

o Au, = 0 following periods of constant recent investment, i.e., for steady
state firm-years;

o Au; > 0 following periods of investment expansion, i.e., for growth
firm-years.

Applying these expectations to Equation (B) allows some inferences about
the relative magnitudes of the coefficients. For the first term in Equation
(B), there should be no effect for the steady state firms because Au, = 0,
whereas there should be a decrease/increase for the low efficiency/growth firms
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Table 14.  Effects of accounting bias on regression coefficients.

Profitability (g) « [Call option} B [Put option] y [Current earnings]

sub-samples

Low efficiency firms Smaller Larger Smaller [possibly negative]
(loss firms)

Steady state firms No effect No effect No effect

Growth firms Larger Smaller Larger

because Au, <0/Au, >0, respectively. This means that the coefficient y in
Model 1 should be smaller/larger for the low efficiency/growth firms rela-
tive to the steady state firms. For the second term in Equation (B), the effect
of the bias in book value u, will be to increase the term. There will be no
effect on the argument of P,(.) for the steady state firms from Au,, but it
will be decreased/increased for the low efficiency/growth firms leading to a
larger/smaller value for P,(.), respectively. This means that the coefficient 8 in
Model 1 should be larger/smaller for the low efficiency/growth firms relative
to the steady state firms. The third term in Equation (B) will have the same
effect on the argument of G, (.) from the bias in earnings Au,. But because this
is the call option term, this means that the coefficient & in Equation (B) should
be smaller/larger for the low efficiency/growth firms relative to the steady state
firms. These predictions are summarized in Table 14.

A re-examination of Table 7 shows that the magnitude of the coefficient «
is consistent with the predictions in Table 14 in that it is essentially the same for
the low efficiency and steady state firms and much larger for the growth firms,
reflecting the value of the call option. The coefficient 8 is consistent with the
predictions of Table 14 for the low efficiency and steady state firms. Note that
the negative value of the coefficient B for loss firms may result from the bias of
accounting earnings for the low efficiency sub-sample. Similarly, the coefficient
¥ is consistent with the predictions of Table 14 for the low efficiency and steady
state firms. But they are not as predicted for the growth firms. The behavior of
the three coefficients over the three profitability sub-samples is largely but not
entirely consistent with the expectations derived from accounting bias.

7. Loss Firms

An examination of the results in Tables 6, 7, 9—13 shows that the coefficient
of earnings (y) often takes a negative value for observations with a negative



Real Option Based Equity Valuation Models 29

profitability, which results from firms with negative earnings, i.e., the loss firms.
At first glance, this appears to conflict with the results of Collins, Pincus, and
Xie (1999) who showed that inclusion of the book value in the simple earnings
capitalization model removed the negative coefficient of earnings for loss firms.
However, there is a fundamental difference between their model and Model 1
used in the current study, namely, that their model uses the book value at the
beginning of the year, whereas Zhang’s (2000) model uses the book value at
the end of the year. We reconcile the two models in Appendix B and show that
our results are consistent with their results for loss firms.

8. Conclusions and Limitations

The results from this study lead to a number of conclusions that have impli-
cations for empirical studies and raise issues that may be addressed in further
theoretical analyses. Our results extend the finding of variability of the coeffi-
cients of earnings and book value in regression models reported by Burgstahler
and Dichev (1997) and reinforce the observation by Collins, Pincus, and Xie
(1999) about the downward and upward biases of the coefficient of earnings for
negative and positive earnings firms, respectively, if the book value is omitted
from the regression model.

Our results show that Zhang’s (2000) formal model that supplements the
basic capitalization model by put and call option components has an empirical
validity for valuation studies. We further show that his basic model (Model 1)
provides a more efficient and parsimonious explanation than his modified mod-
els (Models 2—4). The results support the expectations of value for a put option,
current earnings, and a call option at different profitability levels. Our results
also show that there is an effect of accounting bias on the empirical results.
This leads to a variation of the values of the coefficients of the three terms in
the model with profitability. There is a particular impact for loss firms in that
the coefficient of earnings becomes negative.

It is clear from the results found here that an analysis of the full sample
masks differences that show up in analyses of the sub-samples. It seems clear
that stratification of samples on some basis, profitability here, is necessary in
deriving regression coefficients and in the interpretation of empirical results.

In addition, our empirical results indicate that debt is relevant to equity
valuation for the low efficiency (loss) firms and growth firms. Debt is not
relevant to profitable steady state firms. As a result, one can conclude that the
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level of debt of loss and high growth firms plays a significant role in equity
valuation of these firms.

The results in this study are limited by the fundamental assumption in
deriving the basic model that accounting measures are unbiased. There is also
a question of whether accounting profitability is the best measure of firm effi-
ciency to stratify the sample. Obviously, a given value of accounting profitabil-
ity could be obtained from low earnings and a low book value, high earnings
and a high book value, or from some intermediate combination of earnings and
book value. It may also be that some measure other than accounting profitabil-
ity may be useful in stratification, although the use of accounting profitability
is attractive in that the data are available on a regular and reliable basis. Finally,
it should be noted that regression Model 1, derived from the basic valuation
model, is linear in earnings and book value, which suggests that it should only
be used over a limited range of profitability as observed.

There is obviously much scope for further research. Zhang’s (2000) model
has been developed using firm profitability as a proxy for firm efficiency and
leads naturally to stratification of samples for empirical analysis. The use of
accounting profitability for stratification has shown that this is an important
consideration. However, other bases for sample stratification might be more
useful and merit theoretical consideration. From our study, it is also clear that
further theoretical study of the impact of the bias of accounting measures on
firm valuation models would be useful. Finally, the development of models that
go beyond linear terms in earnings and book value may be useful in resolving
some of the apparently anomalous behavior that we observed. Furthermore,
these models may also provide a better explanation of firm value over a wider
range of the independent variable of earnings and book value and of firm
efficiency as proxied here by accounting profitability.

Appendix A. Some Basic Properties of Options

Zhang (2000) showed that the following properties, where (.)’ and (.)” indicate
the first order and the second order partial derivatives of C,.(.) and P;(.) with
respect to efficiency ¢ must hold:

Pi(q) = Prob(vi11 <¢q; —q:) <0,

__t
RR—1)

1
Pi(q) = mf(q; —q:) >0,
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C;(Q) = m[l — Prob(v;41 < CI: -g)] >0,
" - - * 0’

Cl@) = gp=p; /@~ >
1 /

R_1 + Py(q) > 0.

Appendix B. Reconciling the Apparent Negative Earnings
Anomaly

A number of studies have shown that the basic earnings capitalization model is
not satisfactory when earnings are negative because the coefficient of earnings
observed empirically is negative in such cases. Collins, Pincus, and Xie (1999)
demonstrated that the anomalous negative coefficient of earnings for loss firms
disappears when the book value of net assets is included in the empirical tests,
that is, it appears that the book value is a correlated omitted variable in the
basic earnings capitalization model. Yet we observe a significantly negative
coefficient of earnings for loss firms in our empirical results.

The regression model that was used by Collins, Pincus, and Xie (1999,
p. 44) in their empirical analysis was derived from the Ohlson (1995) and
Feltham and Ohlson (1995) models and is given in Equation (B.1)!!:

P=a+ ﬁ/Xt + leVt—lv (B.1)

where P; is the cum-dividend stock price; X, the current period earnings per
share; and BV, _; is the book value per share at the end of year t — 1.

The general form of their equation is presented in Equation (B.2) (Collins,
Pincus, and Xie, 1999, Equation (2), p. 39)

Pi+d; =680+ 61 X +b2yi-1 + &4, (B.2)

where P, is now the ex-dividend price; d,, the dividends per share; P; 4 d;, the
cum dividend price; y,_;, the beginning year book value per share; and &, is
the noise term.

The models in Collins, Pincus, and Xie, (1999) are expressed in terms
of earnings for the year and beginning of the year book value, whereas

HNote that Collins, Pincus, and Xie (1999) have interchanged the notation for the coefficients g
and y in their model relative to the usage in our models. Therefore, we designate their coefficients
with a to distinguish them from ours. Also Collins, Pincus, and Xie (1999) use the book value
(BV) at time ¢t — 1 rather than time ¢ as in our models.
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Table 15. Estimated coefficients of Model 1 for loss firms
derived from empirical results of Collins, Pincus, and Xie,

(1999).
Collins  Coefficient of Coefficient of Difference
etal. earnings book value 81— 8,
Xy B,
81081 82[y']
Current Coefficient of  Coefficient of
Study book value earnings
B; X;
B 14
75 —0.02 0.29 —0.31
76 —0.09 0.15 —0.24
77 0.11 0.36 -0.25
78 0.35 0.34 0.01
79 1.1 0.47 0.63
80 —0.01 0.38 —-0.27
81 0.18 0.38 —-0.20
82 —0.81 0.24 —1.05
83 0.24 0.54 —0.30
84 0.22 0.54 —0.32
85 0.38 0.70 —-0.32
86 0.38 0.76 —0.38
87 0.16 0.69 —-0.53
88 —-0.12 0.54 -0.66
89 0.20 0.49 —0.29
90 0.25 0.41 —0.16
91 0.23 0.56 —0.33
92 0.06 0.68 —0.62
Mean 0.16 0.47 —0.31
Notes

Collins et al. s model: Py = a + 8'X; + y'BV,_1 + &.
Model 1. V;; = a1 + B1Bis + iXis +eir, B =82 =¥/,
y=81—6=p§ -y

Zhang’s (2000) models (Equations (1)—(4) in the paper) are expressed in terms
of earnings for the year and end of the year book value. To reconcile these two
variations of the valuation model, we use the clean surplus relationship given
in Equation (B.3)

»=y1+X —d. (B.3)
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Substituting the expression for y,_; from Equation (B.3) in Equation (B.2),
we obtain the following relationship of cum-dividend price P; + d, to earnings
and book value at time ¢:

P +d; = 80+ 62y + (61 — 82) Xi + 2yt + &1 (B.4)
Equation (B.4) is the equivalent to regression Model 1, with

(04 =81+52d, =,
B=58=y
y=8—-86=4-v7.

In Table 15, we reproduce the coefficient estimates for the earnings and the
book value of loss firms obtained by Collins, Pincus, and Xie, (1999, Table 4,
p. 44). We then show how the results of Collins, Pincus, and Xie, (1999) appear
when transformed to Model 1. After transformation, the coefficient of book
value has a positive sign for the mean value and for all 18 years studied, and
the coefficient of earnings has a negative sign for the mean value and for 16 of
the 18 years studied. The results in Table 15 show that the coefficient of book
value 8 found empirically for loss firms by Collins, Pincus, and Xie, (1999) is
consistent with our results. More importantly, their coefficient of earnings y for
loss firms is also quite consistent with those found here for the low efficiency
(loss) firms that appear in the first three deciles.
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