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Abstract. This paper evaluates the valuation accuracy of the price-eamings (P/E), the price-book (P/B) and a
combined price-earnings and price-book (P/E-P/B) benchmark valuation methods. Performance of the benchmark
valuation methods relies on the definition of comparable firms. In this paper, comparable firms are selected based
on industry membership, size and return on equity as well as combinations of industry membership with size and
with return on equity. We find that within the P/E and P/B benchmark valuation methods, the best definition of the
comparable firms are based on industry membership combined with return on equity. However, only the industry
membership is necessary to define the comparable firms for the combined P/E-P/B method. In sum, the results
suggest that, when firm’s value is unknown, the combined P/E-P/B valuation approach selecting comparable
firms based on industry membership performs the best among all the approaches evaluated in this paper.

We also find that the P/E benchmark valuation method performs better than the P/B benchmark valuation
method and the combined method outperforms either the P/E or the P/B method. These results imply that earnings
are more important than book value as a single-number firm valuator over our sample years (from 1973 to 1992)
and that both earnings and book values are value relevant, one does not substitute perfectly for the other.
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1. Introduction

Benchmark valuation methods estimate a target firm’s stock price based on the price
multiples of that target firm’s comparable firm. For example, the price-earnings (P/E)
benchmark valuation method estimates a target firm’s stock price as the product of its
earnings and the benchmark P/E multiple of a comparable firm. To apply the benchmark
valuation, a popular method is to identify a set of comparable firms based on various
criteria (such as industry membership and size) for the target firm. The median price
multiple for the set of comparable firms is then chosen as the benchmark price multiple for
the target firm. The predicted stock price for the target firm is then derived by taking the
product of the benchmark price multiple and the firm’s actual accounting numbers.

The P/E valuation method is one of the most popular valuation methods in the
investment community. Its usefulness relies on the view that the P/E ratio captures risk and
growth of a stock; hence, a firm’s value can be reasonably assessed based on the P/E ratio
of its comparable firms with similar risk and growth. This benchmark valuation method is
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especially useful when a firm’s value is not observable (Boatsman and Baskin, 1981;
LeClair, 1990). The performance of the benchmark valuation method depends on the
selection of the comparable firms. Alford (1992) explores several definitions for the
comparable firms including size (a surrogate for risk), ROE (a surrogate for growth)' and
industry membership. He reports that industry membership constitutes the major element
that captures the cross-sectional differences in the P/E ratio and size and ROE do not have
additional explanatory power beyond the industry membership.

While the price-multiple methods can be applied to many accounting variables,
earnings have been considered as the most common divisor. However, recent academic
research studies as well as practical investment analyses report the importance of book
value and it is a nature extension to investigates the accuracy of the price-book value (P/B)
in contrast to the price-earnings (P/E) benchmark valuation method. This paper evaluates
the price-multiple methods focusing the usefulness of P/E and P/B ratios. First, this paper
evaluates alternative prediction error measures. The measures are compared with respect
to their performance in both the nonparametric and parametric accuracy tests. Second, this
paper examines the valuation accuracy of the P/B benchmark valuation method based on
various definitions for comparable firms, including size, ROE and industry membership.
Third, this paper compares the valuation accuracy between the P/E and the P/B methods;
in addition, it evaluates the performance of a combined method that uses both the P/E and
P/B benchmark ratios. Lastly, it evaluates the effect of industry fineness” and firm size on
valuation accuracy.

Studies have suggested that the P/B ratio is related to profitability as well as to risk and
growth, Chan and Chen (1991) suggest that the P/B ratio reflects the production efficiency
of a firm. Ohlson (1988, 1995) models the relation between the P/B ratio and accounting
rate-of-return and suggests that the P/B ratio represents a firm’s excess rate of return
caused by a firm’s superior performance. Feltham and Ohlson (1995) conceptualize the
difference between book and market value being the goodwill for which current and
anticipated operating profitability are crucial deterministic factors. Bernard (1994) argues
that the variation in P/B ratios should be explained by future rates of profitability;
however, he finds that there is only a weak relation between the P/B ratio and subsequent
rates of profitability once current profitability is controlled for. He also suggests that the
P/B ratio is related to discount rates, hence, related to risk and growth. In addition, Farma
and French (1992) find that the P/B ratio explains the variation of returns more than does
the market beta; this implies that there is a relation between risk and the P/B ratio. They
(1995) also suggest that the P/B ratio is highly associated with firm’s persistent
profitability. Penman (1996) articulates the differences between the P/E and the P/B ratios
and concludes that the P/B ratio reflects expected future return on equity.

Since the P/B ratio captures certain aspects of risk/growth and profitability, the
valuation approach based on a benchmark P/B ratio should also be meaningful if the
criteria used to identify the comparable firms is related to the determinants of the P/B ratio.
Alford discuss the appropriateness of using industry membership, size (a surrogate for
risk) and ROE (a surrogate for growth) to define the comparable firms for the P/E valuation
approach based on the P/E-risk/growth relationship. If P/B is related to risk/growth, these
variables are equally applicable to the P/B valuation approach. Furthermore, these
variables may also affect P/B based on the P/B-profitability relationship. At different

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionya\w.manaraa.com



ACCURACY OF P/E AND P/B BENCHMARK VALUATION METHODS 351

times, industries face varying degrees of operating advantages that result excess
profitability; firms often increase size to improve their production efficiency (e.g. mergers
and acquisition improve cost sharing) and ROE is typically considered as a profitability
indicator (Bernard, 1994, already shows that the variation of the P/B ratio is explained by
current ROE). Accordingly, it is plausible to assume that the variations of firms’ P/B ratios,
similar to the P/E ratios, should be related to industry membership, firm size and ROE even
though might be for different reasons.

While both earnings and book value are value relevant items, a valuation methodology
that combines both the earnings and book value information should perform better than the
method using the earnings information only (the P/E method) or the book value
information only (the P/B method). Hence, this paper evaluates a simple valuation
approach that uses both the P/E and P/B benchmark ratios.® Not only can this combined
P/E-P/B approach show the joint value relevance of earnings and book value, it also may
have implication to value estimation for closely-held firms if we can infer the usefulness of
accounting information by the public firms to closely-held firms.*

Section II describes the P/E, P/B and combined P/E-P/B benchmark valuation methods
and alternative prediction error measures. Section IIT describes the sample selection and
the definitions for the comparable firms, and provides descriptive statistics. Section IV
evaluates alternative prediction measures and compares the valuation accuracy across
different valuation methods. Section V evaluates the effect of industry fineness and size.
Section VI summarizes and concludes the paper.

II. The P/E and P/B benchmark valuation methods and the predication
error measures

The P/E valuation method estimates a firm’s stock price by capitalizing earnings at a
benchmark P/E multiple determined from a set of comparable firms (e.g., Alford, 1992).
Similarly, the P/B valuation method estimates a firm’s stock price by capitalizing book
value at a benchmark P/B multiple determined from a set of comparable firms. Three
valuation methods are evaluated in this paper, they are the P/E, the P/B and the combined
P/E-P/B valuation methods.

Define:
—_ P;
PE, = median; .y { = (1)
it Ejf
== _ . Py
PB;, = median;cy { =~ (2)
i Bjr

where PE,, is the benchmark P/E multiple and PB,, is the benchmark P/B multiple for the
target firm 7 at time ¢. The benchmark P/E and P/B multiples are the medians calculated
over all firms j in the set of comparable firms for target firm i, i.e., j€ ¥, P}, represents

firm j’s stock price at time ¢, E, represents firm j’s earnings at time ¢, and B, represents firm
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J’s book value at time ¢. The values estimated by the P/E, the P/B, and the combined P/E-P/
B valuation methods for the target firm i are:

PY/* — E, x PE, (3)

it -
pg/B =B, x ﬁir (4)
5P/E—P/B 5PJE | 5P/B
Pir/ / :(Pir/ +Pir/ )/2

= (E,-, ><ﬁir +Bir Xﬁi;‘)/2 (5)

where PYM represents the estimated firm value by applying the P/E, the P/B or the
combined P/E-P/B valuation methods (VM represents P/E, P/B or P/E-P/B). The combined
method takes the simple average of the valuations from the P/E and the P/B approaches.
The equal weights to earnings and book value may be suboptimal, however, they are
adopted as a starting point in this paper for combining earnings and book value
information into one valuation method. The optimal weights can be searched to improve
the benchmark valuation method; we leave the investigation to future studies.
The absolute value of the prediction error for each of these methods is defined as:

i = |Py — PM|. (6)

For cross-sectional comparisons of the magnitude of errors, the prediction error needs to be
scaled to control for the size effect. When the actual price is used as the scaling factor, the
scaled error measurements for under- or over-predictions will differ for the same absolute
prediction errors. While many earnings forecasts (e.g., Foster, 1977; Bathke, Lorek, and
Willinger, 1989) use the actual value as the scaling factor for forecasting errors, its
appropriateness does not necessarily apply to the benchmark valuation methods evaluated
in this paper. The reason is illustrated below.

Using the P/E valuation method as an example, the percentage absolute error scaled by
actual price (PAE/A) can be restated below.’

P/E 5P/E =5
u/ :IPir_Pir/ |:|Pir/Eir_PEir|

it

. 7
Pir Pif Pif/Eif ( )

Equation (7) shows that the PAE/A is equivalent to the absolute value of the difference
between the actual P/E and the benchmark P/E multiple (the median for the set of
comparable firms) scaled by the actual P/E. If two firms share the same benchmark P/E
multiple because their sets of comparable firms are similar,® then firms with P/E multiples
below the median will on average have larger PAE/A than firms with P/E multiples above
the median. Hence, by construction, firms with smaller P/E (the over-prediction cases) will
have larger forecasting errors than firms with larger P/E (the under-prediction cases).” The
existence of this asymmetric measure of prediction error makes sense only if we believe
that the utility function of the user of the valuation is consistent with the notion that over-
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prediction is worse than under-prediction, however, there are no apparent reasons for this
belief. To correct the problem of the asymmetry the scaling factor in the PAE/A can be
changed to from the actual price to the predicted price (PAE/P). Two firms having P/E
ratios with the same distance to the benchmark P/E ratio (i.e., the median) but on different
sides (over-or under-prediction) will have the same PAE/P.

For a symmetric sample, we should observe similar PAE/P statistics between the under-
and over-prediction cases. However, asymmetry of the prediction errors may still exist for
PAE/P due to outliers. The PAE/A always has a value between zero and one for the under-
prediction cases (because the under-prediction error never exceeds the actual price);
however, it will have extremely large values of outliers for the over-prediction cases (for
extreme small actual price). The PAE/P always has a value between zero and one for the
over-prediction cases (because the over-prediction error never exceeds the predicted
price); however, it may have extreme large values of outliers for the under-prediction
cases (for extreme large actual price). An investigation of our sample reveals that both
measures are skewed with PAE/A being more severely skewed (refer to note 14). Due to
the extreme outliers of the error measures, simple averages are not meaningful,
accordingly, nonparametric tests have to be used. To simplify many tests that are
conducted for this paper and for potential future studies, an error measure with the same
error rankings but has symmetric distribution with smaller outliers than the other
economically meaningful measures should improve effectiveness and efficiency for
statistical analysis by being able to apply the parametric tests.

To mitigate the problems caused by extreme outliers existed in PAE/P, the error measure
is modified by adding the numerator to the denominator. This procedure does not change
the directional difference between any two errors® with the advantages of restricting the
error magnitude between O and 1. The adjusted percentage absolute error (APAE) is

defined as:
VM
U
VM it
eif = (8)
VM VM
Pi" +uy

where e/ is the APAE for the valuation method VM (representing P/E, P/B or P/E-P/B).
Since P"M is positive and u/ is greater or equal to zero, by construction, the APAE is
greater or equal to zero and less than 1.

The APAE does not have an economic meaning for all observations except the
denominator of equation (8) equals the actual price for under-prediction cases. The APAE
is simply a transformation of the PAE/P to regulate the error value to be between 0 and 1,
which reduces the adverse effect of extreme large outliers on parametric test statistics.
However, extremely large actual price (i.e., extreme large absolute prediction error) may
still cause the distribution of the APAE to be right-skewed. To reduce the skewness, the
APAE can be further transformed by applying power transformation. We take the square
root of the APAE and find that it is not right-skewed (refer to note 14); however, the results
for the square root test statistics are similar to those using the APAE. Since the APAE has
economic meanings for the under-prediction cases (i.e., the absolute percentage error
weighted by the actual value) and the square root is more remote to relate to a direct
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explanation of the error magnitude, even it is not skewed, we choose to report our main
statistics based on APAE.

ITI. Sample selection and definition of comparable firms
Sample selection

All firm observations that have data available from the 1992 Industrial Compustat database
are selected. The data used in this study include earnings per share before extraordinary
items, book values of the common equity, year-end total assets, year-end stock price and
year-end number of common shares outstanding. Only positive earnings and book values
are included; there are a total of 30,310 observations over 20 yea.rs.9 The P/E ratio is
derived by dividing the end-of-year stock price by earnings before extraordinary items per
share, the P/B ratio is derived by dividing the end-of-year stock price by the end-of-year
common equity per share. Return on equity (ROE) is derived by dividing earnings before
extraordinary items by the end-of-year common equity.'°

Descriptive statistics. Table 1 presents the medians and interquartile ranges for the P/E
ratio, the P/B ratio, ROE and total assets across 20 years (1973 to 1992). The average, the
standard deviation and the coefficient of variation (standard deviation divided by the
mean) of the yearly medians are provided at the bottom of the table. By comparing the
trend of the medians through twenty years, it can be easily seen that the P/E ratio, the P/B
ratio and total assets experience a continuing growth; however, ROE increases in the first
ten years and decreases in the second ten years. Investigating the coefficient of variation
(the standard deviation divided by the average), the medians of the P/E ratio vary roughly
20% more than the medians of the P/B ratio. The variation of ROE is much more stable
than the other two ratios.

Selection of the set of comparable firms

The following six definitions are used to select the set of comparable firms for each target
firm; they are applied to all observations within each year.

(1) MARKET: All sample firms except the target firm.

(2) INDUSTRY: The comparable firms are selected on the basis of 4-digit SIC codes if the
resulting industry contains at least six other firms. If the 4-digit SIC industry does not
contain at least six other firms, fewer SIC digits are used until at least six other firms
are identified.

(3) TA: Out of all the observations in each year, the six firms whose total assets are closest
in size to the target firm are selected.

(4) ROE: Out of all the observations in each year, the six firms whose ROE is closest to
that of the target firm are selected.
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(5) IND + TA: In each INDUSTRY, the six firms with the closest measure of total assets to
the target firm are selected. For INDUSTRY containing only six other firms, the
INDUSTRY and IND + TA are identical.

(6) IND + ROE: The six firms in the set INDUSTRY that have the closest measure of
ROE to the target firm. Similar to IND + TA, the INDUSTRY and IND + ROE are
identical for INDUSTRY containing only six other firms.

The definitions are very similar to those used in Alford except TA and ROE only contain
six other firms instead of thirty firms. The reason for considering six firms only for TA
and ROE is for a direct comparison between TA (ROE) and IND + TA (IND + ROE)
because the latter only consider six other firms in each INDUSTRY. While we are not
certain of the optimum number of firms to be selected to form the set of comparable firms
based on TA or ROE, constraining TA and ROE to have the same number of comparable
firms as IND+TA and IND +ROE may control for the possible advantages or
disadvantages that would be created if more firms were included in TA and ROE than
in IND+TA and IND 4 ROE. In other words, this is to assure that the difference
in performance between TA(ROE) and IND + TA(IND 4+ ROE) is not due to the
different number of firms included, but is related to the advantages provided by industry
restriction.

When defining INDUSTRY, the restriction of at least six other firms serves two
purposes: one is to have enough firms for applying IND 4 TA and IND + ROE definitions,
another one is to mitigate the potential prediction error due to not having enough firms in
INDUSTRY. The main impact of this selection is the way INDUSTRY is defined for the
target firms. When the number of firms restricted gets larger, more target firms have
INDUSTRY with fewer SIC digits; in other words, the industry fineness evaluated by the
composition of SIC codes gets worse. Alford reports that 4-digit SIC codes do not perform
significantly better than 3-digit codes, however, 4-digit and 3-digit SIC codes perform
significantly better than fewer SIC codes. Apart from the purpose of having enough firms
for defining IND + TA or IND 4 ROE, a trade-off exists in establishing the number of
firms in INDUSTRY: increasing the minimum required number of firms will increase
prediction error due to its adverse effect on the composition of SIC codes, at the same time,
it may decrease the prediction error because enough firms are included in INDUSTRY to
make the benchmark prediction meaningful.

Table 2 reports the percentage of observations in my sample with respect to the resulted
numbers of firms (from 1 to 11) in each industry when INDUSTRY is defined based on
1-digit to 4 digit SIC codes. The cumulative percentages are also reported. For any selected
number, the percentage of observations using 1-digit to 4-digit SIC codes can be derived
by comparing the cumulative percentages. For example, when at least seven firms (i.e., six
other firms) in an industry are required, we will have 0.07%, 4.32% (= 4.39%—0.07%),
26.08% (= 30.47%—4.39%), 15.96% (= 46.43%—30.47%) and 53.57% (= 100%—
46.43%) using 0-digit to 4-digit SIC codes respectively. When at least eleven firms in an
industry are required, the observations used are 0.07%, 9.75% (=9.82%—0.07%),
36.87% (= 46.69%—9.82%), 15.86% (= 62.55%—46.69%) and 37.45%
(= 100%—62.55%) for 0-digit to 4-digit SIC codes, respectively. When we do not
restrict the least number of firms available (that is, as long as there is one other firm in the
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Table 2. Data availability based on number of firms available for various industry definitions total number of
observations: 30,310

SIC 1-Digit Industries SIC 2-Digit Industries SIC 3-Digit Industries SIC 4-Digit Industries

Number of Firms

Available Per Year Cumulative Cumulative Cumulative Cumulative
Per Industry % Percentage % Percentage % Percentage % Percentage
1 0.03 0.03 0.10 0.10 3.03 3.03 6.51 6.51
2 0.04 0.07 0.37 0.47 5.08 8.11 8.59 15.10
3 0.72 1.19 5.31 13.42 8.86 23.96
4 1.36 2.55 5.15 18.56 7.68 31.64
5 091 3.46 5.99 24.55 8.30 39.94
6 0.93 4.39 592 3047 6.49 4643
7 0.93 532 6.61 37.08 6.86 53.29
8 1.29 6.61 3.74 40.82 4.28 57.57
9 1.36 797 3.36 44.18 2.97 60.54
10 1.85 9.82 2.51 46.69 2.01 62.55
> 11 99.93  100.00 90.18  100.00 53.31  100.00 37.45  100.00

industry), the distribution of industry definitions will be 0.03%, 0.07%, 2.93%, 3.48%, and
93.49% for 0-digit to 4-digit SIC codes respectively.

Since industry is the most crucial factor that affect valuation accuracy as reported by
Alford, the effect of applying the restriction on least number of firms to determine
INDUSTRY will be evaluated. In addition, the effect of number of firms in an industry on
valuation accuracy will also be evaluated.

IV. Valuation accuracy
Accuracy of the P/E valuation method—contrasts of percentage error measures

The PAE/A favors under-prediction and would be a biased measure for investigating the
differences between cases of over- and under-predictions.'' However, the bias may not be
serious in comparing the relative valuation accuracy if the extent of bias does not differ
among various methods. Table 3 reports the performance of the P/E benchmark valuation
method using both the PAE/A (Panel A) and the APAE (Panel B) error measures.'? The
averages of the medians and the 90th percentiles over twenty years (1973 to 1992) for each
of the six definitions of comparable firms are reported. The ranks based on the average
medians are also reported. Comparing Panel A and Panel B, the ranks are consistent
between the two measures. According to the ranks reported in Table 3, the performance of
the six methods are in the following order: IND + ROE, INDUSTRY, IND + TA, ROE,
MARKET and TA.

The nonparametric tests (the Friedman test)'® are applied here. The average z-statistics
using the nonparametric tests over twenty years are reported in the bottom half of each
panel in Table 3. The positive sign indicates that the column is more accurate than the row.
The signs and the magnitudes of the #-statistics are similar between the two prediction
error measures as reported in Panel A and Panel B. The signs of the #-statistics reported
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Table 3. The P/E valuation method : percentage absolute errors and t-statistics using nonparametric tests

Panel A: Percentage absolute error scaled by actual value (PAE/A)

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ROE

Average median 0.335 0.276 0.353 0.315 0.287 0.264
Average 90th percentile 0.874 0.881 1.026 0.900 0.937 0.847
Ranks based on average median 5 2 6 4 3 1
Average r-statistic'

INDUSTRY —-6.14

TA 3.33 9.32

ROE —0.80 4.85 —-3.90

IND 4+ TA —3.74 223 —-692 -2.69

IND + ROE —7.94 —2.12 —-1095 —-6.55 —4.15

Panel B: Percentage absolute error scaled by adjusted value (APAE)

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ROE

Average median 0.239 0.213 0.255 0.236 0.219 0.208
Average 90th percentile 0.586 0.528 0.521 0.489 0.581 0.501
Ranks based on average median 5 2 6 4 3 1
Average r-statistic'

INDUSTRY —-6.57

TA 2.99 9.38

ROE —1.59 4.40 —4.33

IND + TA —4.42 1.96 -723 =251

IND + ROE —8.68 —245 —1130 —-640 —4.21

Notes: 'A positive average r-statistic indicates that the column is more accurate than the row. Average are
taken over 1973 to 1992. The individual #-statistic is computed in each year using the nonparametric
Friedman test; the pairwise comparison is based on the #-statistics of the per-firm ranks of the six methods.
MARKET: All other firms. INDUSTRY: Firms in target firm’s SIC n-digit industry, n is determined based
on the restriction of at least six other firms in the SIC n-digit industry. TA: The six closest firms in
MARKET in terms of total assets. ROE: The six closet firms in MARKET in terms of return on equity.
IND + TA: The six closest firms in INDUSTRY in terms of total assets. IND 4+ ROE: The six closest firms in
INDUSTRY in terms of return on equity.

here are also consistent with the ranks reported in both Panel A and Panel B. The
magnitude of the f-statistics indicates that IND 4+ ROE, the most accurate definition, is
significantly better than all the other five definitions. The second most accurate definition,
INDUSTRY, is significantly better than the other four definitions. The third most accurate
definition, IND 4 TA, is significantly better than the other three definitions. The fourth
most accurate definition, ROE, is significantly better than TA, the worst definition. The
fifth most accurate definition, MARKET, is also significantly better than TA.

Overall, the results in Table 3 show that the ranking of the six definitions evaluated in
this paper is the same as that reported by Alford, however, this paper reports higher ¢ test
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scores. In addition, the signs of the ¢ tests in Table 3 are consistent with the simple ranking
based on the average medians while the signs of Alford’s ¢-statistics (though not
significant) are not consistent with the simple ranking. The stronger test results are likely
due to more observations being included in our sample, twenty years instead of three
years.

Table 4 reports the means and parametric test scores for the P/E valuation method; Panel
A reports for PAE/A and panel B for APAE. Averages of means across twenty years, ranks
based on the average means and average ¢-statistics based on pairwise comparisons are all
provided. Due to the extreme values of outliers in PAE/A, the results are unstable and are
totally different from those reported in Panel A of Table 3 (i.e. the nonparametric results).
However, when APAE is used, the ranks based on the means and the average #-statistics
are very similar to those reported in Panel B of Table 3. This provides evidence that APAE
is an appropriate measure to be used for parametric tests.

In sum, the ranks of the six methods based on the medians are the same between our
study and Alford’s and all of us find that the best method is the IND 4+ ROE method.

Table 4. The P/E valuation method: percentage absolute errors and ¢-statistics using parametric tests

Panel A: Percentage absolute error scaled by actual value (PAE/A)

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ROE

Average mean 1.646 1.371 1.583  1.448 1.405 1.379
Ranks based on average mean 6 1 5 4 3 2
Average f-statistic’

INDUSTRY —1.39

TA 5.11 532

ROE 0.68 1.43 —-3.27

IND+TA 0.87 3.48 -3.10 022

IND + ROE —2.15 —1.57 —-543 —-2.11 —-342

Panel A: Percentage absolute error scaled by adjusted value (APAE)

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ROE

Average mean 0.281 0.255 0.289 0.260 0.258 0.245
Ranks based on average mean 5 2 6 4 3 1
Average f-statistic'

INDUSTRY —-7.21

TA 2.53 8.39

ROE —4.64 1.04 —5.82

IND+TA —5.80 1.40 —-7.25 -0.39

IND 4+ ROE —8.85 -3.50 —-9.93 -3.12 —4.15

Notes: 'A positive average r-statistic indicates that the column is more accurate than the row. Averages are
taken over 1973 to 1992. The individual #-statistic is computed in each year using the parametric pairwise
comparison. The #-statistic is based on the difference of the prediction error for each pairwise comparison.
Refer to Table 3 for definitions of the comparable-firm portfolios.
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However, our results show that IND 4+ ROE is significantly better than all the other
definitions while Alford shows that the superior performance of IND+ ROE over
INDUSTRY is not significant. Note that even if PAE/A is biased and is affected by
outliers, the results based on nonparametric tests (Table 3) are still valid. However, the
parametric tests are not applicable to PAE/A.

Although APAE may mitigate bias and outlier problems, it is still right-skewed. The
square root of the APAE measure corrects the skewness problems.'* The parametric tests
reported in Table 4 are also applied to the square-root measure and the results are
qualitatively the same as APAE. In the later analysis of valuation accuracy, we focus on
APAE.

Accuracy of the PIB and the combined P/E-P/B valuation methods

Panel A in Table 5 reports the performance of the P/B valuation method with respect to
different definitions of the comparable firms. According to the ranks based on the average
means, the performance of the six definitions are in the following order: IND + ROE,
ROE, INDUSTRY, IND + TA, MARKET and TA. Unlike the P/E valuation method, ROE
outperforms both INDUSTRY and IND 4 TA and becomes the second most accurate
definition. The other definitions maintain similar rankings as under the P/E valuation
method. According to the #-statistics, IND 4+ ROE is significantly better than all the other
definitions. ROE, INDUSTRY and IND + TA do not differ significantly; however, they are
all significantly better than MARKET and TA, and MARKET is still significantly better
than TA. The improved performance of ROE for the P/B valuation approach over that for
the P/E valuation approach is consistent with Bernard’s (1994) finding that current ROE
explains a good portion of the variations in P/B.

Panel B in Table 5 reports the performance for the combined P/E-P/B valuation method.
The performance ranking of the definitions becomes: INDUSTRY, IND + ROE,
IND + TA, MARKET, ROE and TA. The ¢-statistics show that INDUSTRY, IND + ROE
and IND + TA are not significantly different; however, they are significantly better than
MARKET, ROE, and TA. MARKET and ROE perform similarly and perform significantly
better than TA. One interesting phenomenon is that while IND 4+ ROE performs best for
both the P/E and the P/B valuation approaches respectfully, INDUSTRY is the best
definition for the combined P/E-P/B valuation method. This implies that the information
contained in ROE is very much captured by the process of combining the P/E and P/B,
hence, IND + ROE loses its superior advantages over INDUSTRY. This finding implies
that two ratios out of P/E, P/B and ROE are needed for firm valuation, the other one just
articulates the difference (e.g., Penman, 1996).

Comparison of the P/E, the P/B and the combined P/E-P/B valuation methods
Table 6 contrasts the performance between the P/E, P/B and the combined P/E-P/B

valuation approaches for each of the definitions of comparable firms. The averages of the
means of the APAE reported in previous tables are summarized first. For each definition of
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Table 5. The P/B valuation method and the combined P/E-P/B valuation method: percentage absolute error
scaled by adjusted value (APAE) and f-statistics using parametric tests

Panel A: The P/B valuation method

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ ROE

Average mean 0.298 0.267 0.307 0.260 0.269 0.241
Ranks based on average mean 5 3 6 2 4 1
Average r-statistic'

INDUSTRY —17.60

TA 2.86 8.87

ROE —-7.91 —1.25 —9.20

IND 4+ TA —6.41 1.18 —-7.94 1.76

IND + ROE —12.17 -7.92 —13.46 —4.23 —8.04

Panel B: The combined P/E-P/B valuation method

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND+TA IND+ROE

Average mean 0.259 0.227 0.267 0.260 0.229 0.228
Ranks based on average mean 4 1 6 5 3 2
Average f-statistic’

INDUSTRY —843

TA 2.63 9.62

ROE 0.39 7.79 —1.66

IND+TA —-7.25 1.07 —8.69 —6.91

IND 4+ ROE 747 0.82 —8.75 —-7.35 —0.18

Notes: 'A positive average t-statistic indicates that the column is more accurate than the row. Averages are
taken over 1973 to 1992. The individual #-statistic is computed in each year using the parametric pairwise
comparison. The #-statistic is based on the difference of the prediction error for each pairwise comparison.
Refer to Table 3 for definitions of the comparable-firm portfolios.

comparable firms, pairwise comparisons between the three valuation approaches are
conducted. The average of the pairwise #-statistics are reported based on the pairwise
comparisons of P/E versus P/B, P/E versus P/E-P/B, and P/B versus P/E-P/B. The positive
sign of the average #-statistic indicates the first method is more accurate than the second
method in the pairwise comparison.

The results reported in Table 6 indicate that the P/E approach is significantly more
accurate than the P/B approach for most of the definitions of comparable firms except ROE
and IND + ROE. When IND + ROE is applied, even though not significantly different, the
P/E method becomes worse than the P/B method. The combined P/E-P/B method is better
than either the P/E or the P/B method no matter what definition of comparable firms is
used. The differences are significant except when comparable firms are selected based on
ROE. It is interesting to note that when the ROE definition is applied, the advantage of P/E
and P/E-P/B valuation approaches over the P/B disappears. This implies that the superior
performance of the P/E and the P/E-P/B over the P/B method is due to the earnings
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Table 6. Comparison of the valuation accuracy of the P/E, P/B and combined P/E-P/B valuation method:
percentage absolute error scaled by adjusted value (apae) and f-statistics using parametric tests

Comparable-Firm Portfolio

MARKET INDUSTRY TA ROE IND + TA IND + ROE
Average mean
The P/E valuation method 0.281 0.255 0.289  0.260 0258  0.245
The P/B valuation method 0.298 0.267 0.307  0.260 0269 0.241
The combined P/E-P/B valuation 0.259 0.227 0.267 0.260 0229  0.228
method
Average r-statistic'
The P/E valuation method versus
the P/B valuation method 3.09 2.22 3.21 0.35 213 -0.90
The P/E valuation method versus
the combined P/E-P/B valuation method —5.10 —6.60 -508 -034 -678 -551
The P/B valuation Method versus
the combined P/E-P/B valuation method —12.01 —12.12 —-11.71 —-090 -1193 -536

Notes: 'A positive average r-statistic indicates that the first method is more accurate than the second method
Averages are taken over 1973 to 1992. The individual z-statistic is computed in each year using the
parametric pairwise comparison. The f-statistic is based on the difference of the prediction error for each
pairwise comparison.

Refer to Table 3 for definitions of the comparable-firm portfolios.

information, and since ROE captures the information contained in earnings, the P/E and P/
E-P/B valuation methods lose their comparative advantage over the P/B valuation
approach when ROE is applied.

V. Effect of industry fineness and size
Impact of restrictions on numbers of firms for industry on valuation accuracy

When defining INDUSTRY for each target firm, specifying the least number of firms
(LNOF) to constitute the industry affects the composition of the number of SIC digits
included for the INDUSTRY portfolio. Section III reports the sample distribution for
various number of SIC digits with respect to LNOF’s ranging from 1 to 11. When the
LNOF increases, more firms are captured by applying fewer SIC digits to define the
INDUSTRY. However, the increasing LNOF for INDUSTRY may improve prediction
because we have more relevant observations to estimate the population median. This
section evaluates the trade-off between these effects when restricting the number of firms
required for INDUSTRY.

Table 7 reports the APAE when LNOF ranges from two to eleven for all three valuation
approaches. The means and the standard deviations of the APAE as well as the incremental
differences by increasing the LNOF’s are provided. When the LNOF increases from two to
seven, the valuation accuracy improves; however, valuation accuracy decreases when
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Table 7. Percentage absolute error scaled by adjusted value (APAE) for different least numbers of firms restricted
in defining industry

P/E Method P/B Method Combined P/E-P/B Method
Least Number of Firms
Restricted in Level! Incremental®> Level! Incremental®> Level! Incremental®
each INDUSTRY mean(std.) mean(std.) mean(std.) mean(std.) mean(std.)  mean(std.) ¥
2 26.37% 27.43% 23.39%
(20.57%) (19.16%) (16.54%)
3 (26.04%) —0.33% * 26.99% —0.44% * 22.98% —041% *
(20.41%) (5.67%) (18.93%) (6.16%) (16.33%) (5.57%)
4 25.89% —-0.16% * 26.90% —0.09% * 22.81% —-0.16% *
(20.45%) (5.27%) (19.04%) (5.65%) (16.42%) (5.27%)
5 25.75% —0.14% * 26.78% —0.12% * 22.69% —-0.12% *
(20.48%) (4.51%) (18.96%) (4.86%) (16.42%) (4.39%)
6 25.63% —-0.12% * 26.69% —0.08% * 22.60% —0.09% *
(20.47%) (3.95%) (18.93%) (4.16%) (16.37%) (3.73%)
7 25.56% —-0.07% * 26.60% —0.10% * 22.56% —-0.05% !
(20.43%) (3.77%) (18.80%) (4.28%) (16.30%) (3.75%)
8 25.57% 0.01% 26.62% 0.02% 22.59% 0.03%
(20.46%) (3.69%) (18.86%) (4.13%) (16.37%) (3.71%)
9 25.59% 0.02% 26.64% 0.01% 22.61% 0.03%
(20.47%) (3.12%) (18.94%) (3.69%) (16.42%) (3.31%)
10 25.62% 0.03% 26.66% 0.03% 22.64% 0.02%
(20.47%) (2.80%) (19.00%) (3.53%) (16.47%) (3.13%)
11 25.67% 0.06% * 26.72% 0.06% * 2271% 0.08% *
(20.53%) (2.92%) (19.02%) 2.97%) (16.52%) (2.81%)

Notes:' The mean and standard deviation of the percentage absolute error scaled by adjusted value (APAE)
over all the observations in the sample.

>The mean and standard deviation of the incremental difference in the APAE between n+ 1 least-number-of-
firms-restricted and # least-number-of-firms-restricted, a negative difference indicates that the mean for n 4 1
least-number-of-firms-restricted is lower than that for n least-number-of-firms-restricted.

*the incremental difference is significant at 0.01 significance level.

! the incremental difference is significant at 0.05 significance level.

more than seven firms are required. The improvement of valuation accuracy is significant
for each of the increments from number two to seven. This conclusion is applicable across
all three valuation approaches.

In sum, the analysis in this section provides a rule of thumb for defining INDUSTRY for
a target firm: when an industry definition based on n-digit SIC codes can not generate at
least “‘six’’ other firms (which gives seven in total), the industry should be defined with
fewer SIC digits until at least six other firms can be identified.

Effects of number of firms and firm size in target firm’s industry on valuation accuracy
Alford investigates the effect of composition of SIC codes on the accuracy of the P/E

valuation approach. He finds that the valuation accuracy is greater for industry definitions
that rely on four or three SIC digits (as opposed to fewer digits). We compare the valuation
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accuracy of 14 digit SIC definitions of INDUSTRY and also find that 3-digit definition
performs similar to 4-digit and are significantly better than 2-digit and 1-digit SIC codes.
This is true across all valuation approaches. In addition to the definition of industry, the
effects of number of firms (NOF) in the target firm’s SIC 4-digit industry on valuation
accuracy are also examined.

The NOF brings several aspects of industry characteristics into the analysis of valuation
accuracy. One aspect is that the benchmark ratio derived from a large number of
observations in an industry may tend to be more accurate than the benchmark ratio based
on a smaller number of observations. In other words, the sample median in an INDUSTRY
may better approximate the population mean/median for that INDUSTRY when there are
more observations. Another aspect is that NOF may serve as a surrogate for several
industry characteristics, such as entry barriers, competition, and degree of maturity of an
industry. While the effect of entry barriers and competition on valuation accuracy is hard
to assess, the NOF may surrogate for some of these aspects. One argument for the NOF
effect could be that a small NOF may be a surrogate for a less mature industry which tends
to have more growth firms and unstable performance measures; hence, the valuation gets
harder. On the other hand, an alternative argument is that when an industry reaches
maturity, NOF in that industry may start to decrease due to competition, market saturation,
merger and acquisition; when changes occur, firms’ performance measures may also
become unstable.

Closely-held firms are usually smaller than publicly-traded firms. Understanding the
prediction error behavior for smaller firms may bring insights into application of the
research results of the publicly-traded firms to the closely-held firms. Table 8§ reports the
mean APAE for five firm-size portfolios and five NOF portfolios. The firm-size portfolios
are formed based on total assets of the target firm and the NOF portfolios are formed based
on the number of firms in the target firm’s SIC 4-digit industry. The portfolios are all
formed on a yearly basis. Panel A reports the means of the observations for each of the five
firm-size portfolios and Panel B for each of the NOF portfolios. In addition to prediction
errors, total assets as well as the number of firms are reported. Mean APAE for MARKET,
INDUSTRY and IND + ROE are reported for all three valuation approaches.

Panel A of Table 8 reports that the mean APAE decreases from one firm-size portfolio to
the next firm-size portfolio for each of the three methods no matter which definition of
comparable firms is used. When the P/E approach is applied, the size effect is significant
for every comparison between adjacent size portfolios. When the P/B and the P/E-P/B
approaches are applied, the differences are significant for most firm-size-portfolio
comparisons except the changes from portfolio 2 to portfolio 3. To compare the size effects
between the valuation approaches and different definitions of comparable firms, the
differences of the means between the smallest and the largest size portfolios are computed
which are also expressed in a percentage format for a relative comparison (means of
portfolio 1 are used as the denominators for the percentage computation). When
MARKET definition is used, the percentage changes from size portfolio 1 to size portfolio
5 are 29.8%, 28.4% and 25.3% for the P/E, P/B and P/E-P/B approaches respectively, with
the P/E approach having the highest percentage change. When INDUSTRY (IND + ROE)
is used, the changes are 37.2%—33.3%—34.2% (37.2%—35.4%—34.9%), again with the
P/E approach having the highest size effect. It is worth mentioning that the size effect for
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MARKET definition is less than the size effects for INDUSTRY and IND + ROE. This
indicates that large firms enjoy more valuation accuracy when sophisticated definitions are
used to identify comparable firms.

The averages of total assets and NOF for each of the firm-size portfolios reported in
Panel A indicate that size and NOF are positively correlated, so it is possible that valuation
accuracy is positively associated with NOF just because of the size effect. However, Panel
B implies that the size effects do not substitute perfectly for NOF effects. The averages of
the total assets of the NOF portfolios reported in Panel B are much more evenly distributed
than those of the size portfolios reported in Panel A. In addition, the NOF effects on
valuation accuracy behave differently than the size effects. Like the size effect, the results
in Panel B generally show that firms in industries with large numbers of firms will have
higher valuation accuracy and the effects are especially strong when INDUSTRY and
IND + ROE are used to define comparable firms. Unlike the P/E approach having the
strongest size effect, the P/B approach has the strongest NOF effect. Particular interesting
is the fact that the mean APAE for NOF portfolio 5 using the P/B approach gets smaller
than that using the P/E approach. This implies that while, in general, the P/E method is a
better valuation approach than the P/B method, it loses its comparative advantage for firms
in high-NOF industries (NOF portfolio 5 has an average of approximately 50 firms). This
phenomenon may complement the argument that the P/B ratio measures superior
performance or goodwill (Bernard, 1994; Penman, 1992, 1993; Feltham and Ohlson,
1995), which tend to fluctuate less in a more mature or competitive industry that contains a
large number of firms. This issue deserves further research.

VI. Summary and concluding remarks

This paper evaluates the P/E, the P/B benchmark valuation method and a combined
P/E-P/B valuation method. We examine the valuation accuracy of all three valuation
methods when comparable firms are selected based on industry membership
(INDUSTRY), size (TA) and return on equity (ROE), and combinations of industry
membership with size (IND + TA) and ROE (IND + ROE). Four prediction error measures
are analyzed; percentage absolute error scaled by the actual price (PAE/A), percentage
absolute error scaled by the predicted price (PAE/P), percentage absolute error scaled by
the adjusted price (APAE), and the square root of APAE. When nonparametric tests are
used, the statistical results on the relative valuation accuracy of various definitions of
comparable firms and of various valuation approaches are robust with respect to all of
these four performance measures. In other words, the potential bias contained in PAE/A
does not affect the main conclusion on the comparison of performance across different set
of comparable firms. However, this does not mean that the PAE/A can be used for other
type of comparisons. For example, larger firms tend to have higher P/E, hence smaller
PAE/A, than do the smaller firms. Accordingly, the smaller PAE/A for larger firms will be
partly due to such a bias. Even PAE/P corrects this bias, it still has extreme large outliers
and parametric tests are not applicable; the parametric tests are only applicable to APAE
and the square root of APAE. A measure that parametric tests can apply increases
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effectiveness and efficiency for many tests conducted in this paper. We focus on using
APAE.

Like Alford, our analysis of the P/E method shows that valuation accuracy follows the
order of IND + ROE, INDUSTRY, IND + TA, ROE, MARKET, and TA. Our results also
show that IND + ROE performs significantly better than INDUSTRY whereas Alford
reports that IND 4+ ROE performs better but not significantly better than INDUSTRY. The
valuation accuracy ranking of the definitions of comparable firms for the P/B approach is
IND + ROE, ROE, INDUSTRY, IND 4+ TA, MARKET and TA and the ranking for the
combined P/E-P/B approach is INDUSTRY, IND + ROE, IND + TA, MARKET ROE and
TA. Like the P/E approach, IND + ROE is the best definition for the P/B approach;
however, ROE loses its advantage to when applied to the combined P/E-P/B approach.

For most definitions of comparable firms, the P/E valuation method performs better than
the P/B method. This implies that, in the past twenty years, earnings has been the most
important single-number firm valuator (more important than the book value), despite
recent theoretical work and empirical evidence regarding the importance of book value.
As expected, the combined P/E-P/B approach performs better than either the P/E and the
P/B approach. This implies that both earnings and book values are value relevant, one does
not substitute perfectly for the other. In sum, the results suggest that, when a firm’s value is
unknown, the best valuation approach among all the methods we evaluated is to select
comparable firms based on industry membership and use the combined P/E-P/B valuation
method.

We also investigate the effects on valuation accuracy of restrictions on the minimum
number of firms used to define industries. We find that at least six other firms to define the
target firm’s industry is a good rule of thumb for restriction. We also find that valuation
accuracy increases with firm size and increases as the number of firms in the target firm’s
industry (NOF) increases. Similar conclusions can be generated regardless of the
definition used to identify comparable firms and regardless of the valuation approach
applied. One thing worth noting is that size has its strongest effect on valuation accuracy
when using the P/E approach. However, the strongest NOF effect comes when using the
P/B approach. The reason that the P/B approach performs better than the P/E approach for
firms in industries with many companies is an issue worth exploring.

The benchmark valuation approach has implications for research on the relation
between accounting numbers and stock prices. While the variation of the P/E multiple and
the P/B multiple can be investigated by using regression methods (Litzenberger and Rao,
1971; Beaver and Morse, 1978; Cheng, Hsu and Etherridge, 1995), the benchmark
valuation method has several advantages. First, it does not require an explicit regression
model (either linear or nonlinear) in evaluating the relationship between price and
accounting information. Second, it provides valuation accuracy measures for each of the
observations instead of relying on regression coefficients that have to be constant across all
the observations in the regression model. In addition, the role of the P/E and P/B ratios
combined can be easily evaluated using the benchmark valuation approach.

The valuation approaches investigated in this paper have practical implications,
especially for valuing closely-held firms if the research results of the publicly-traded firms
are applicable. The results may assist in devising criteria for selecting comparable firms
and in suggesting practical valuation approaches. While this paper shows that a
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combination of P/E and P/B performs better than the P/E and the P/B approaches, the
improvement of the combined P/E-P/B method can be further explored. For example,
instead of using equal weights, rules of thumb based on theory and empirical results can be
developed for assigning optimal weights to the P/E and P/B predictions; in addition, other
information (beyond book value) may also be added to improve the accuracy of firm
valuation. This constitutes an alternative way of testing the additional information content
of other accounting information.

Notes

1. Alforduses firm size (measured by total assets) as a surrogate forrisk and return on equity (ROE, measured by the
ratio of earnings before extraordinary items to the book value of common equity) as a surrogate for growth.
While there may be better surrogates, it is not our focus to explore the optimal surrogates to achieve the essential
purpose of this paper: comparison of the P/E and P/B methods. Moreover, other factors such as the accounting
method, ownership control, earnings stability can also be used to define comparable firms. Exploration of
optimal definition for comparable firms can be endless, we focus on extending Alford’s P/E benchmark
valuation method to the P/B benchmark valuation method using the similar definitions of comparable firms.
Justification of using Alford’s definition for the P/B approach is provided in a later paragraph.

2. The ‘‘industry fineness’’ is used to describe the sample composition of SIC codes (0-digit to 4-digit) for the
industry definition and the effect of the number of firms in an industry on industry definition.

3. We use a simple average, i.e., equal weights, of the P/E and P/B valuations. Optimal weights can be affected
by many factors and deserve further research.

4. Closely-held firms are usually smaller than publicly-traded firms. Observing the differences between large
and small publicly-traded firms may provide insights to the application of the research results to small
closely-held firms.

5. Note that only positive earnings are considered because the P/E ratio is meaningful only when earnings are
positive. This paper compares the performance of the P/E and P/B valuation approach and restricts our
sample observations to be identical for these two methods. For negative earnings, the P/B approach should be
more useful simply because the P/E approach is not available. Due to the omission of negative earnings, our
conclusion on the superior performance of the P/E approach over the P/B approach has its limitation. An
interesting question for negative earnings would be how well does the P/B valuation approach perform.

6. Instead of the sets of comparable firms being exactly the same for two firms, it is more likely that they differ
as to one firm, i.e., themselves. For example, firm i’s set of comparable firms may include firm j and n— 1
other firms and firms j’s set of comparable firms may include firm i/ and n — 1 other firms.

7. For example, a set of comparable firms for two target firms has a median of 16. Two target firms’ P/E ratios
are 12 and 20 respectively. The PAE/A is then 0.33 (|12—16|/12) for the over-prediction case and 0.20
(]20—16|/20) for the under-prediction case.

8. For any set of two errors a/b and ¢/d, adding the numerator into the denominator will not change the
directional difference Assuming a/b — ¢/d >0, this implies ad>bc. When ad>bc, we will observe
a/(b+a) —c/(c+d)>0, as we do for a/b — c/d>0.

9. We can include negative earnings and negative book values, however, our main focus is for comparing the
effectiveness of using the P/E and P/B benchmark valuation method. Studies have shown that negative
earnings do not explain price well, including them may bias our results for performance of P/B method. Our
results are restricted to assess relative usefulness for positive earnings and book values only. We leave the
investigation on the effectiveness of P/E versus P/B valuation method for negative earnings/book value for
future research.

10. Our sample criteria is different from Alford, however, our results are similar.

11. When actual price is used as the scaling factor (PAE/A), the average medians when MARKET (IND + ROE)
is applied are 0.362 (0.298) and 0.314 (0.243) for the over- and under-prediction cases respectively. This
implies that the over-prediction cases (i.e., small P/E relative to median) have larger prediction errors than do
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the under-prediction cases (i.e., large P/E relative to median). However, when predicted price is used as the
scaling factor (PAE/P), they are 0.264 (0.228) and 0.461 (0.323) respectively. That is, over-prediction cases
have smaller prediction errors than do the under-prediction cases, exactly opposite from the PAE/A measure.
If the distribution of P/E is symmetric, we should observe similar prediction errors under the PAE/P measure.
The larger errors for the under-prediction cases imply that large PE’s are more dispersed than small PE’s.
This distribution issue is interesting and deserves further research.

12. The test results of using the percentage absolute error scaled by the predicted price (PAE/P) are not reported,
they are similar to the results using PAE/A. This implies that even PAE/A is a biased measure by
construction, it does not bias the statistical results when comparing prediction errors across different sets of
comparable firms. We focus on using APAE (the adjusted PAE/P) for most of our tests because it effectively
eliminates the outlier problem without deleting outliers and it facilitates the use of parametric tests. The
purpose of Table 3 and Table 4 is to confirm the usefulness of APAE. More over, the test results of using the
square root of APAE are not reported even it is less skewed than APAE since they are similar to the results
using APAE.

13. Refer to footnote 8 in Alford for a description of the Friedman test.

14. For the MARKET definition using the P/E valuation approach, the skewness measures of PAE/A and PAE/P
are 156.08 and 89.33 respectively (zero implies no skewness). APAE and the square root of APAE have
skewness of 1.23 and 0.25, respectively, with the latter having an almost perfect score for zero skewness.
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