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variation in these attributes in cross-section and over time is associated with the

predictive ability of financial ratios for bankruptcy.

This question is of interest for several reasons. Beginning with Altman (1968) and

Beaver (1965, 1966), researchers have found that accounting-based models have

significant explanatory power for bankruptcy. While bankruptcy prediction is not
the sole purpose of financial reporting, the information imbedded in accounting
numbers about the likelihood of bankruptcy serves a role distinct from the
informativeness of accounting numbers for security returns or for other purposes.
Given the wide use of bankruptcy prediction models in practice and research and
the significance of bankruptcy to investors and lenders, the informativeness of
financial ratios for bankruptcy prediction is of interest in its own right. Our
analyses extend prior literature by exploring how accounting characteristics

related to financial statement quality affect the informativeness of accounting
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predictive power of accounting-based variables have less effect on the predictive
power of market-based variables. On the other hand, the predictive power of the
market-based variables may also be undermined by the presence of these
characteristics. In the latter case, there are a number of interpretations, which we

will discuss in detail.

We find that each of our proxies for the exercise of discretion in financial reporting
—that is, existence of a restatement and discretionary accruals—is associated with
a significant deterioration in the predictive power of the financial ratio-based
model. In addition, the presence of discretion impairs the predictive ability of not
only the accounting-based model but also the market-based and combined model.
In other words, the total mix of information reflected in market-based variables, of
which accounting data are a subset, does not offset or compensate for the effects

of discretion.
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bankruptcy model for loss firm-years is lower than for nonloss firm-years because

of deterioration in the incremental explanatory power of the remaining variables.

Finally, we conduct time-series tests to assess whether the effects of financial
reporting attributes on predictive ability observed in the cross-section have
implications for the predictive ability of financial ratios for bankruptcy over time.
We find that there is a significant time trend in the frequency of restatements,
larger magnitudes of discretionary accruals, greater R&D intensity, book-to-
market ratios that are further from one, and losses. In addition, we find that these
variables are individually significant in explaining differences in predictive ability
over time. Because these variables are highly correlated, however, it is difficult to

isolate individual, incremental effects.

Although the market model generally exhibited lower predictive power than the
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exclusively examined this issue in the context of explaining security returns. In
contrast, our dependent variable of interest is bankruptcy. The ability to predict
bankruptcy represents a different use of accounting data from prior research and
is of interest in its own right. A helpful feature of our research approach is that we
can compare the predictive ability of financial ratios with the predictive ability of
market-related information over time. Our findings are thus informative to those
interested in assessing bankruptcy risk and in understanding whether certain
financial reporting attributes are associated with less informative financial ratios

for bankruptcy prediction.

As such, our findings are relevant to the literature in accounting and finance on
bankruptcy prediction. Recent contributions to this literature include those of
Shumway (2001); Chava and Jarrow (2004); Beaver et al. (2005); Franzen et al.
(2007); and Campbell et al. (2008). Shumway proposes a hazard model based on
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attributes that adversely affect accounting-based prediction models may have a

different effect on market-based prediction models.

Our study also differs in that our main purpose is to examine the effect of financial
reporting attributes on predictive power, which is not examined by Shumway
(2001), Chava and Jarrow (2004), Beaver et al. (2005), Campbell et al. (2008), and
Bharath and Shumway (2008). Also, Campbell et al. (2008) examine whether

default risk can explain some of the return anomalies, which is beyond the scope

of our study.

In particular, our study differs in key respects from Franzen et al. (2007). They
focus on the effect of expensing research and development on the predictive
ability of financial ratios used in bankruptcy prediction. We take a broader view,

examining several proxies for financial statement characteristics, including
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financial reporting attributes and more powerful tests of their effects. The power
arises because the number of firm-years that are bankruptcy years are
approximately 1 % of the total sample. The key feature of our study involves
partitioning these bankruptcy firm-years even further by accounting
characteristic. Hence, increasing the sample size which increases the number of
bankruptcy firm-years represents a potentially significant increase in power of the
tests. Fourth, we find significant differences in predictive ability in the cross-
section and over time that are associated with our proxies for financial reporting
attributes. The differences in our inferences suggest that the direct measure of
cross-sectional differences in financial reporting attributes has resulted in a more
powerful design, presumably because the cross-sectional differences in these

attributes are large relative to differences over time.
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Our study contributes to the literature on accounting quality by examining the
effect of two measures of discretion in financial reporting on the predictive power
of financial statements for bankruptcy. Our measures of discretion are the
presence or absence of a subsequent restatement of financial statements for a
firm-year and the magnitude of an estimate of discretionary accruals using the
Dechow et al. (1995) model. The null hypothesis is that discretion does not impair
predictive ability of financial ratios for bankruptcy. Taking the view that discretion
is used predominantly in an opportunistic rather than an informative fashion, the
first (alternate) hypothesis is that increased discretion in financial reporting

impairs the predictive ability of financial ratios.

Our first proxy for discretion in financial statements is the existence of a violation
of GAAP that results in a restatement of the financial statements. FASB

statements, SEC enforcement actions, and plaintiffs in securities litigation all
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Both proxies for discretion, estimated discretionary accruals and the existence of a
restatement, reflect a combination of separate factors that relate to many of the
financial reporting process. These include judgments within GAAP, managerial
incentives, and the costs and benefits of exercising discretion. Our study does not

attempt to assess the differential effects of each of these components separately.

3.2 Effects of unrecorded intangible assets

Financial statements do not recognize many forms of intangible assets, such as
research and development expenditures, which are generally fully expensed in the
year of incurrence. A substantial literature examines the implications of
unrecognized intangible assets for the informativeness of financial statements and
finds that the financial statements of firms with material intangible assets have
lower value relevance. In a security price context, for example, a number of

studies document that research and development expenditures are priced and
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We examine the predictive power of bankruptcy models across various categories
of the book-to market ratio. The book-to market ratio has been viewed in various
ways by prior research, including as a proxy for intangible assets. Here we also
view the book-to-market ratio as a partial manifestation of the comprehensiveness
of accounting standards. In particular, in a setting where the accounting book
value of equity and the market value of equity are identical (for example,
comprehensive market-value accounting), the book-to market ratio would be one.
The book-to-market ratio can depart from one if economic impairments to asset
values are unrecorded, in which case the book-to market ratio is above one, or
there are unrecognized increases in economic value of tangibles or unrecognized
intangible assets, in which case the book-to-market ratio is below one. Our
purpose is to determine if there is differential predictive power in those firm-years
where the book-to-market ratios differ most from one. The null hypothesis is,

therefore, that there are no differences in predictive power when the book-to-
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whether the predictive power of bankruptcy models varies cross-sectionally with

the recognition of losses.

Our null hypothesis is that the financial statements of firms recognizing losses do
not differ in predictive ability for bankruptcy relative to those of firms not
recognizing losses. Our alternate hypothesis is that firms recognizing losses have
differential predictive ability, but we do not specify whether loss recognition
results in enhanced or impaired predictive ability. One could argue that more
timely recognition of losses improves the predictive ability of financial statements
for bankruptcy. However, to the extent that loss recognition is discretionary, as
with, say, “big baths,” and reflects the ability to take an “earnings hit,” predictive
power could be adversely affected by loss recognition. In addition, prior research
documents that investors assign different values to the earnings of loss versus

profit firms because losses are less persistent than profits. For both these reasons,
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Following Shumway (2001), we use hazard analysis, also known as survival or
duration analysis, as our statistical estimation method. Our sample includes
nonbankrupt and bankrupt firms, with the nonbankrupt firms coded zero every
year they are in the sample and the bankrupt firms coded zero in every sample
year except the year of bankruptcy. As Shumway (2001) notes, an advantage of
this approach is improved efficiency and reduced bias in the estimated coefficients
relative to a static model with a single firm-year observation for failed and

nonfailed firms.

The general form of the hazard model we estimate is as follows:

$$\Inh_{j} (t) = \alpha (t) +
\underset{\raise0.3em\hbox{$\smash{\scriptscriptstyle-}$} } {\text{B}}X {j} (t).

$$
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Market-based variables include a proxy for size (LRSIZE), the lagged cumulative
security residual return (LERET), and the lagged standard deviation of security
returns (LSIGMA). The combined estimation model includes both accounting-
based and market-based variables. The construction of these variables is

discussed in the next section.

We choose to use a reduced-form model as opposed to a structural model based on
Merton (1974) in our main analyses. Untabulated results show that our reduced
form model has higher predictive power than a similar model that replaces the
market variables by a distance to default measure. These findings are consistent
with Campbell et al. (2008) and Bharath and Shumway (2008). Moreover, as

discussed in Sect. 6.7, we find that all of our results are robust to this alternative

model specification that includes a distance to default measure based on the

Merton model.
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In this case, and to ensure that accounting information is observable before
bankruptcy is declared, we use accounting data for the preceding fiscal year. This
handicaps the accounting model relative to the market model, which includes

return and price information for the year prior to bankruptcy.

Table 1 reports that the number of bankrupt firms used in the estimation models is
1,251, of which 487 are listed on NYSE-AMEX and 749 are listed on NASDAQ. The
inclusion of NASDAQ firms almost triples the number of bankrupt firms. In
addition, the conditional probability of failure for NASDAQ firms (749/69,924) is
1.4 times greater than that of NYSE/AMEX firms (487/64,189).

Table 1 Sample selection
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For part of the analysis, this sample is split in two subsamples: NYSE/AMEX and
NASDAQ. As discussed above, the addition of the NASDAQ sample almost triples
the number of bankrupt firms in the sample. For those firms that transitioned
between these stock exchanges during the sample period, the transition year is
excluded from both subsamples. For this reason, in Table 1 the sum of the firm-

year observations for the firm-years is less than that of the combined sample.

5.2 Definition of variables and descriptive statistics

Our choice of accounting and market-based explanatory variables is motivated by

prior research by Altman (1968); Ohlson (1980); Shumway (2001); Hillegeist et al.
(2004); Beaver et al. (2005); and Campbell et al. (2008), among others. We include
ROA to capture profitability, ETL to capture the ability of cash flow from

operations pre-interest and pre-tax to cover principal and interest payments, and

LTA to capture leverage. ROA is the return on total assets, defined as earnings
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Our tests require proxies for four financial reporting attributes: discretionary
behavior, the magnitude of unrecognized intangible assets, the comprehensiveness
of financial reporting, and the incurrence of losses. Two proxies for discretion are
used: the occurrence of restated financial statements in a given firm-year and the
magnitude of discretionary accruals. The restatement variable (DREST), is equal
to one for a given fiscal year if this is a manipulation year and zero otherwise.
Restatement years are identified based on the five databases described in the
“Appendix”. These include two restatement databases (the GAO and Huron
databases), two databases containing Accounting and Auditing Enforcement
Releases (the database from Bonner et al. 1998, which was generously made
available by the authors, and a sample of AAERs hand collected from the SEC

website), and one database of class action security lawsuits provided by Woodruff-

Sawyer.Z By combining these five databases, we can obtain the most

comprehensive restatement database we are aware of, in terms of number of years
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studies, we do not exclude firms with negative book value of equity. As a result,
some of the firms in the sample have a negative BTM ratio. We compare the
predictive power of our models across four main groups of observations: firm
years with negative BTM, in the top decile of positive BTM, in the bottom decile of
positive BTM, and firms with “medium” BTM (that is, neither in the top nor bottom

decile).

As discussed earlier, the incidence of losses has been viewed as a proxy for
conservatism in financial statements. However, the incurrence of losses is also
affected by underlying economic conditions. We measure the incurrence of losses
as an indicator variable for negative ROA (NROAI) and define loss years as years

for which ROA is negative.

When an accounting variable is missing for a given year, we use its lagged value.
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Even though leverage is lower for the NASDAQ sample, the relative frequency of
bankruptcy is higher. For virtually all of the other measures, including the
volatility of residual security returns, the risk also would appear to be higher. This
difference is consistent with the NASDAQ sample having higher business risk, due
to differences in sector composition between NASDAQ and NYSE/AMEX, including
the greater frequency of high tech firms in the NASDAQ sample.

Figure 1 presents plots of the explanatory variables over time. MDREST is the
percentage of sample firms that restated their financial statements for year t;
MHIGHDACC is the percentage of firms in year t whose discretionary accruals
represent more than 10 % of lagged assets; MHIGHRD is the percentage of firms
whose R&D sales represent more than 5 % of sales in year t; MNROAI is the
percentage of loss firms; MBTM is the percentage of firms in year t in deciles 5

through 8 of book-to-market (where deciles are calculated for the entire sample).
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is significantly positive, which implies the probability of bankruptcy is significantly
higher for loss firms. A coefficient of 2.296 implies that the probability of
bankruptcy for a firm with losses is approximately 10 times as great as when net
income is positive, conditional upon the other variables in the model. The three

remaining accounting variables in the prediction model are significant and of the

predicted sign for profitable firms.1l Probability of default is decreasing in
profitability, increasing in leverage and decreasing in EBITDA relative to total
liabilities. However, the incremental coefficients for the loss firms are of the
opposite sign and are significant, implying the combined coefficients for the loss
firms are driven toward zero. The coefficient on ROA is not significantly different
from zero for loss firms. The findings indicate that the presence of a loss is a
dominating variable and that, conditional on a loss, the magnitude of the loss does

not provide additional predictive power.
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years and that the accounting model could partially identify them even several

years before bankruptcy.

Panel B presents the estimated coefficients for the market model. Coefficients
have the predicted signs, are significant, and are consistent with those reported in
prior research. In particular, the probability of bankruptcy is increasing in
volatility of residual returns and decreasing in size and lagged residual return.
Moreover, 82.1 % of firms are in the bottom 3 deciles in the year of bankruptcy,
which is much greater than the 30 % expected under the null hypothesis of no
predictive ability. The classification accuracy is slightly greater than that of the
accounting model at 80.02 %, so virtually all of the predictive ability of market-

based variables is captured by the three accounting-based variables.

Panel C of Table 3 reports the estimation results for a combined hazard model that
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latter could reflect misspecification of the market variables rather than evidence
of market inefficiency. Conversely, the market variables capture some information
not captured by the accounting variables. This could reflect information
aggregated in prices that does not derive from financial statements as well as

possible misspecification of the accounting variables.

6.2 Discretionary behavior results

6.2.1 Earnings restatements

To compare the predictive power of the models for restated and nonrestated years,
we rank the hazard scores for all observations within each of the two subsamples
by year. These hazard scores are computed based on the pooled estimation of each
of the models. (The negative ROA indicator variable is included in this estimation

for the accounting and combined models.)
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Table 4 Hazard deciles for restatement partition

Moreover, the differences in predictive power are also present in the combined
model. The percentage of bankrupt firms in the first three deciles is 68.47 for the
restatement subsample in the combined model, in contrast to 90.88 for the
subsample without restatements. The findings indicate that our proxy for the
exercise of accounting discretion is associated with lower ability to predict

bankruptcy using market and accounting information.

6.2.2 Discretionary accruals

Table 5 presents the results for our partition based on discretionary accruals and

indicates these findings are similar to those based on restatements. The predictive
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One could argue that the market-based models would be insensitive to the
partitioning on accounting, since they are not directly affected by the magnitude
of the accruals. Moreover, the total mix of information may compensate for the
effects of extreme accruals because it includes a potentially richer set of
information. Unlike restatements, for example, the discretionary portion of
accruals is estimable using past and current data. However, the pattern observed
in Panel B for the market-based variables is similar and, if anything, more
dramatic than for the accounting based model. The middle group has the highest
predictive power (86.23 %) while the two extreme accrual deciles have the lowest
(65.43 and 65.0 %, respectively). Hence, the information environment for the
extreme accrual firm-years appears to be considerably different from that of the
mid-range accrual firm-years, and the differences are even more striking for the
market-based variables than for accounting-based variables. Extreme accruals

may proxy for some other underlying economic difference, not explicitly captured
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no difference in predictive ability to the extent that the market can price the value

of the intangible assets based on the total mix of information.

As reported in Table 6, the predictive power for the accounting model is lowest for
the high R&D group at 63.03 %, compared with 89.91 % for the middle group,
consistent with the hypothesis. However, the zero R&D group has a somewhat
lower predictive power (80.0 %), which is not predicted by the hypothesis. The
results for high R&D firms are consistent with Franzen et al. (2007), who find that

the O-score is more likely to misclassify a solvent firm with large R&D expenses.

Table 6 Hazard deciles for R&D partition
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The behavior of the BTM ratio is complex. As the probability of bankruptcy
increases, both the book value of equity and the market value of common equity
decline. It is difficult to predict how the ratio of the two should behave in part
because it is difficult to predict which component will decline at a more rapid rate.
Moreover, book value can be negative and approaching zero, while market value
cannot. In particular, the option value of common equity can remain even as the
probability of bankruptcy rises. As a result, as losses cumulate and as book value
heads towards zero, the book-to-market ratio can approach zero (the market-to-

book ratio approaches infinity).

To partially address these concerns, we partition the book-to-market ratios into
four groups: negative, low positive, medium positive, and high positive book-to-
market ratios. Table 7 shows that the same pattern of predictive power is

exhibited by all three models. The subsamples with lowest predictive power to
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classified in the bottom three deciles of the hazard score. Relatedly, the predictive
power is greater for those firm-years in which accounting and market-based
measures of value correspond more closely, with 79.07 % correct classification for
the firms with book-to-market ratios closest to one. These findings indicate that
investors cannot compensate for impaired financial reporting through other
information sources. These differences in predictive ability across book-to-market
classes may also reflect underlying economic factors that are not captured by the

predictive variables or less informative prices for other reasons.

6.5 Predictive power of models for loss firms

We established that the probability of bankruptcy conditional upon a loss is
significantly higher in Sect. 6.1. In this section, we examine whether conditioning
for the presence of the loss, the predictive power of the models are the same for

loss versus nonloss firms. Table 8 reports the percentage of bankrupt firm-years in
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nonloss years. Interestingly, the market model performs less well than the
accounting model for firms with losses, similar to our earlier findings for firms
with the lowest discretionary accruals. These findings suggest that market
variables do not fully convey the information available in financial ratios about

these firms.

6.6 Time-series analysis

Having found substantial differences cross-sectionally in the predictive power of
bankruptcy models based on the presence of discretionary behavior, unrecognized
intangible assets, book-to-market ratios, and the incurrence of losses, we apply the
time-series approach of Beaver et al. (2005). They found a slight but statistically
insignificant decline in the predictive power of the accounting model, slight
improvement in the market model, and essentially no time trend in the combined

model.
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classification accuracy for NASDAQ firms than NYSE/AMEX firms, the accuracy
for both exchanges and the sample as a whole is fairly constant over time. Panel C
shows the classification accuracy for the combined model over time and suggests
erosion in accuracy over time for both the NASDAQ and NYSE/AMEX samples.

Fig. 2
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Similar to industry and size, time is a generic proxy variable that often fails to
provide insight into the underlying factors. However, based on our cross-sectional
analysis, we are now in a position to specify the variables for which time may be a
proxy. We conduct a regression of the percentage of bankrupt firm-years classified
in the bottom 3 deciles of the hazard score on percentage of restatements, the
percentage of firms for which the absolute value of discretionary accruals exceeds
10 % of lagged assets, the percentage of high intensity R&D firms (proxied by
R&D greater than 5 % of sales), the frequency of book-to-market values close to
one, and the percentage of loss firms in a given calendar year. As reported in
Panel A of Table 9, all of the explanatory variables are highly correlated making
individual contributions difficult to assess. However, Panel B shows the accounting

b . . . .
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sample testing are reported in Table 10. We randomly divide the overall sample
into two subsamples, A and B. We then report four out-of-sample tests as
described in detail in Table 10. Of course, there is some slight deterioration in
predictive ability in predicting out of sample relative to in sample (reported in the
pooled column, as well as earlier tables). However, for all partitions and for all
three models, the differences observed in predictive ability in the pooled column
are preserved in the out-of-sample tests as well. For example, the percentage of
bankruptcy firm-years in the top three deciles of the predicted hazard for the
three models for nonrestatement years in the combined out of sample tests
(column 4) is 81.75, 82.98, and 90.44 %, respectively. These percentages are
considerably larger than the corresponding amounts for restatement years at
50.45, 64.86, and 69.37 %, respectively.
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“real-time” because the firm-years that are subject to restatement are only known

several years afterwards.

For all partitions and for all three models, the results, reported in fifth column of
Table 10, are essentially the same as before. For example, when we estimate
different coefficients for restated and nonrestated firm years separately, we find
that 82.19, 82.98, and 90.7 % of bankrupt nonrestated years fall on the bottom
three deciles of the accounting, market, and combined models. These percentages
are considerably larger than the corresponding percentages for restatement
years: 57.66, 64.86, and 70.27 %. Hence, differing coefficients across subsamples
do not explain the deterioration in predictive ability discussed in the main body of
the paper. The predictive ability of the accounting model slightly increases for the
unrestated group, suggesting that the inclusion of restated observations affects

the overall estimation of the model but has a very small effect on its predictive
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specifications, suggesting that the baseline hazard rate provides information that

is incremental to the accounting and market variables.

In addition, we combine the market-based models into a Black-Scholes-Merton
model of bankruptcy. We use the SAS code provided in the “Appendix” of
Hillegeist et al. (2004) to estimate the BSM probability of bankruptcy, defined as
the probability that the market value of assets is less than the face value of
liabilities. Also following this study, the BSM probability of bankruptcy is then

transformed into a score using the inverse logistic function. In unreported results,

this variable is significant in all speciﬁcations.ﬁ In the basic specification, which
merely includes the BSM score and the annual bankruptcy rate, the BSM score
has a coefficient close to that reported in Table 5 of Hillegeist et al. (2004). The
BSM model performs slightly worse than the market-based model. The accounting

variables are still significant when the market variables are replaced by the BSM
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In addition, the presence of discretion impairs the predictive ability of not only the
accounting-based model but also the market-based and combined models. In other
words, the total mix of information reflected in market-based variables, of which
accounting data are a subset, does not offset or compensate for the effects of

discretion.

We also find that the presence of intangible assets, as measured by R&D intensity,
has a systematic effect on predictive ability. In particular, the predictive power of

the accounting-based model is lower for firms with a high degree of R&D intensity.

We also examine the predictive power of the bankruptcy models across various
categories of the book-to market ratio. Predictive power varies across book-to-
market classes but not in a monotonic fashion. Firm-years with low to medium

positive book-to-market ratios are most informative, consistent with more
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market ratios that are further from one, and of losses. These variables are
individually significant in explaining differences in predictive ability over time.
However, because of high correlation with each other, it is difficult to isolate

individual, incremental effects.

In the cross-sectional context, in most cases, the market model also exhibited
lower predictive power for the same categories of firm-years as the accounting
model. However, unlike the accounting model, the market model exhibits no
declining time trend, and differences in predictive power over time are
uncorrelated with our partitioning variables. These findings suggest that the
changes in financial reporting attributes we document contribute to less
informative financial ratios, as assessed by bankruptcy prediction. They do not
contribute to less informative market variables over time. Furthermore, the

findings that the combined model exhibits a declining time trend in predictive
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4. A description of these samples is in Shumway (2001) and Chava and Jarrow
(2004). We greatly appreciate the generosity of Tyler Shumway, Sudheer

Chava and Robert Jarrow in making their samples available to us.

5. 69,845 observations were used in the regression analysis in Beaver et al.
(2005). By including NASDAQ firms, we increase sample size to 135,455

observations.

0. We assume there is no tax benefit associated with interest for loss firms. For
firms that are profitable, the tax benefit for a given year is calculated based on

the maximum statutory tax rate for that year.
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does not allow for different slopes for loss firms. The results are similar to
those reported in the paper, even though the sample has expanded
considerably. Consistent with prior results, all three accounting ratios are

significant and have the predicted sign.

12. Similar results are obtained, in untabulated analysis, for the combined model
without separate slopes or indicators but with a slightly lower predictive
power of 88.57%.

13. We assess the significance of the difference using a x2 test. In all further
comparisons, we refer to a subsample as having higher or lower predictive

ability if the difference is significant with p < 0.01.
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