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1 | INTRODUCTION

In this study we examine how the accuracy of a multiples-based valuation changes when the
number of comparable firms used to estimate the valuation multiple increases. Our research is
motivated by a contrast between the approach commonly followed by practitioners and that
generally used in the academic literature. In multiples-based valuation, practitioners generally
use a small number of closely comparable firms to estimate the multiple." The academic
literature generally uses all firms in an industry as the comparable group. We seek to
investigate which of these is optimal. We also examine a number of related issues, such as the
method of selecting the small sample, and the variation of accuracy across industries and
over time.

Using an entire industry as the comparable group has two main advantages. It does not
require the choice of a procedure to select a smaller sample and it uses all the information
contained in the multiples of the firms in the industry. However, we show that the use of more
information is not necessarily better. If multiples that contain little incremental information
about a valuation are given weight at the expense of those that contain the most information,
increasing the number of comparable firms can decrease accuracy.

Using a smaller sample has the advantage that it uses only the most relevant information.
However, this requires a procedure to select the comparable firms whose share prices are likely
to contain the most information about the value of the target firm being valued. A small sample
also allows the valuer to exercise judgement about which are the most comparable firms and
what weights their multiples should be given. The disadvantage of a small sample is that it may
ignore the information contained in the multiples of those firms not contained in the sample.

We show theoretically that for a larger sample to improve a valuation the relative weights
given to the multiples of comparable firms must satisfy a particular criterion. For any given
valuation procedure, we show that it is not possible to guarantee that this condition will be
fulfilled. Therefore, it is not clear theoretically whether a large or small sample will give a more
accurate valuation. The issue is, essentially, an empirical one.

To carry out our empirical test we use the method of valuation using multiples that has
been found to be optimal in the academic literature. This uses forward earnings as the value
driver and the harmonic mean to average the multiples of comparable firms. We vary the
number of comparable firms used in the valuation, and measure the accuracy of the resulting
value estimate by comparing it with the market price. We select comparable firms based on the
absolute difference between the growth rate of the comparable firm and the growth rate of the
target firm.

We measure accuracy by the bias, mean absolute deviation (MAD), and mean squared
error (MSE) of the value estimates. By all these criteria, we find that using about 10 closely
comparable firms is as accurate as using the entire cross-section of firms in an industry. Using
five comparable firms is slightly less accurate. However, the loss of accuracy from using five
comparable firms rather than 10 firms or the entire industry is not great.

We also examine whether the relative accuracy of a small sample relative to a large sample
varies in a systematic way between industries or over time. We find that industry characteristics
help only marginally in explaining the relative accuracy of large and small numbers of
comparables. What is far more important is the closeness of the growth rates of the comparable

'Examination of brokers' reports shows that a typical sample size is 4-6 firms.
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firms to that of the target firm. We show that a small number of comparables performs very
well when the comparables have a growth rate that is close to the target firm. This suggests that
more sophisticated selection and weighting rules may be able to improve the performance of
valuations using a small number of comparables even further.

2 | PRIOR RESEARCH

Although using multiples is the most common equity valuation technique among practitioners,
it has received limited academic interest. Empirical studies have shown that multiple-based
valuation can give similar accuracy to discounted cash flow (DCF) valuation. Kaplan and
Ruback (1995) show, for a sample of highly leveraged transactions, that valuation using
Earnings before Interest, Tax, Depreciation, and Amortization multiples is as accurate as DCF.
Other developments have also demonstrated that there is a strong theoretical basis for using
multiples (Feltham & Ohlson, 1995).

Much of the empirical research on valuation using multiples has focused on the optimal
value driver and statistical procedure used to estimate the multiple of the target firm. In a
comprehensive study of these issues, Liu et al. (2002) (LNT) conclude that the most accurate
valuation procedure uses forward earnings as the value driver (see also Kenton, 2004). Kim and
Ritter (1999) find a similar result in their investigation of how IPO prices are set. LNT find that
the best statistic is the harmonic mean of the price-earnings multiples of comparable firms, as
suggested by Baker and Ruback (1999). They also find that using the entire sample of firms in
an industry is better than using the entire cross-section of firms in all industries. However, they
do not examine the properties of estimates based on samples smaller than all the firms in an
industry.

In an early study of the selection of the comparable group, Alford (1992) finds that using all
firms in a 3-digit Standard Industrial Classification industry is as good as other selection
procedures. The alternatives he examines select the comparable group based on leverage,
return on equity, assets, and growth. Of these variables, he finds that the analysts' long-term
growth forecast is the fundamental measure that contributes most to valuation accuracy.
However, he finds that selecting the comparable group on the basis of forecast growth rates
adds little or no predictive accuracy to portfolios of comparable firms formed on the basis of
industry.

Using a different approach, Bhojraj and Lee (2002) (BL) show that accuracy in forecasting
future multiples can be improved by using a closely matched set of comparable firms. They
suggest that their method of selection offers a significant improvement in accuracy over
comparable firms selected on the basis of industry. Their approach involves two components:
(1) regression analysis of multiples using standard value-drivers as independent variables and
(2) the selection of closely comparable firms based on the estimated relationships. The evidence
in LNT suggests that regression analysis alone does not improve the accuracy of valuations.
Therefore, it seems likely that the extra accuracy in BL's procedure is coming from the
information contained in the multiples of a small number of closely comparable firms.

However, because BL's tests involve forecasting future multiples rather than simply
examining the accuracy of current valuations, they are not directly comparable with the results
in LNT. Our study adds to this literature in three ways. First, we examine theoretically the way
that valuation accuracy changes as more comparable firms are added. We show the trade-off
involved in increasing the number of comparable firms.
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Adopting a different valuation perspective, Bartram and Grinblatt (2018) propose a simple
approach to fundamental analysis to approximate a firm's fair equity value as a linear function
of almost all of its most recently reported information in financial statements. Similar to our
theoretical model, this statistician's approach to valuation is also based on the law of one price
and the values obtained are the market values of synthetic stocks or replicating portfolios (as
each of the portfolios’ fundamental characteristics is identical to those of the firm being valued).
They find that the estimation of fair market values in this way leads to trading strategies that
can earn abnormal profits.

Gao et al. (2019) develop a hybrid valuation model by combining the advantage principles of
multiples-valuation approach and standard discount models. They show that their hybrid
model outperforms the price-to-earnings multiple which Liu et al. (2002) find performs
remarkably well. Another hybrid approach is given in Cornell and Gokhale (2016), where they
extend the usual multiples approach by including the information in the entire term structure
of earnings forecasts and find that it improves accuracy.

Second, we show empirically how the number of comparable firms affects valuation
accuracy. Across our entire sample we obtain a result that explains the preference of
practitioners for relatively small samples of comparable firms. Using the 10 firms in the
industry with forecast growth rates most similar to the target firm is as accurate as using the
entire industry. Using only five firms selected on the basis of growth rates results in only a
small decrease in accuracy. This suggests that the largest gain to be made in the accuracy of
valuation using multiples may be in selecting and weighting the evidence in a small number of
closely comparable firms, rather than statistical procedures for processing the information in a
large sample.

We also show that the incremental accuracy from using an entire industry rather than a
small number of comparable firms varies between industries. This suggests that the search for a
“one-size-fits-all” procedure for valuation using multiples may not work unless it makes the
sample of comparable firms depend on industry characteristics.

3 | METHODOLOGY

3.1 | Estimation of the target value and measurement of pricing
errors

We use the procedure that gives the most accurate valuation, according to LNT. Given a target
firm i, a date t, and a sample of n comparable firms, j = 1, ..., n we use the share prices of the
comparable firms on the same date, Dir> and their 2-year out forward earnings, x;;. From these
we form the harmonic mean of their price-earnings multiples*:
= n
JBi[(n) = n Xt

2 ()

j=1 Dyt

The estimated value of the target firm is given by the estimated price-earnings multiple
applied to the forward earnings of the target firm:

2This formulation implicitly assumes that the expected pricing error is zero.
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B, () = By (). 2)

The harmonic mean is a nonlinear function of the price-earnings ratio, but a simpler
interpretation of the procedure can be seen by rearranging (1) and (2) to give

Xie 1< X

Pu(n) nj:lpjt. 3

Thus the result of the procedure is that the price of the target firm is set so that its earnings-
to-price ratio is equal to the average of the comparable firms' earnings-to-price ratios.

We calculate the pricing error by comparing the estimated value of the target firm with its
actual price:

-~

N i\P)Xw — P
&(n) = M 4)
Dy
Substituting the definition of En(n) from (1) gives
. Mi(n) — My(n
Eil(n) — [( ) [( ), (5)

Mit(")

where M; is the actual earnings-to-price ratio of the target firm, and Mj is its estimated
earnings-to-price ratio based on the comparable firms using (1). Thus an alternative
interpretation of the pricing error is that it is the proportional error between the actual and
estimated earnings-to-price multiples of the target firm.

To evaluate the performance of different methods, we examine the Bias, MAD, and MSE of
the pricing error. We examine how these vary across our entire sample as a function of the
number of comparable firms used n. Given a particular value of n, we calculate accuracy
measures for the entire sample as follows:

Bias(n) = % PO ©)
MAD(n) = % PN )
MSE(n) = %ZZa,(n)Z, ®)

where N is the total number of target firm-years.

We also calculate these accuracy measures using only observations within each year,
industry, and industry-year pairs, for example, for the Bias indicator we have: Bias,(n),
Bias,,(n), Bias,(n), for every year t, industry m, and industry-year pair mt, respectively. We
construct these measures for MAD and MSE in a similar fashion.

We also examine how the relative accuracy of small versus large sample valuation varies
between industries, over time, and between every year-industry combination. We define a
relative accuracy measure for a particular industry-year as
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RelBias,,(n) = M, (9)
Biasy,:(Np)

where N, is the total number of firms in industry m in year t and Bias,,(n) is the bias for each
industry-year pair resulting from using n comparable firms. The relative accuracy measures
RelMAD,,; and RelMSE,,, are defined in similar ways.

3.2 | Trade-off between many and few comparable firms

To interpret our empirical analysis, we first show theoretically the trade-off between using a
few closely comparable firms or all comparable firms in an industry. A small sample guarantees
that the information used is the most relevant, but ignores any information contained in the
other firms in the industry. A large sample uses more information.

In Appendix 1 we derive the condition under which the use of more comparable firms
increases or decreases the accuracy of a valuation. This depends on the trade-off between the
extra information contained in the prices of the additional firms and the weight given to this
information in the averaging procedure. When an extra firm is added to the sample of
comparable firms, the incremental information in its price replaces some of the information in
the smaller sample. If the weight given to the incremental firm is too high relative to its
incremental information, its addition will decrease the accuracy of the valuation. So the use of a
larger sample can decrease the accuracy of a valuation.

As an example, LNT finds that using all firms in an industry is better than using all firms in
all industries. The multiples of firms in other industries contain little relevant information, so
giving them any weight in a valuation displaces the more relevant information contained in the
multiples of firms from the same industry.

This might suggest that the procedure could be improved by assigning the “correct” weight
to the incremental information in the larger sample. That is true, if the correct weight is known.
Appendix 2 derives the optimal weighting scheme and shows that the correct weight depends
on unobservable parameters. The correct weight to give is uncertain. Because of this, the
addition of an incremental comparable firm may decrease the accuracy of the valuation.

It might also appear that sophisticated estimation schemes, such as regression methods of
estimating multiples, would not suffer from this problem. Appendix 3 shows that regression-
based methods of estimating multiples are essentially just different weighting schemes. As
such, they suffer from the same trade-offs discussed above. The empirical evidence in LNT is
that regression estimates perform worse than the harmonic mean when using all firms in the
industry.

3.3 | Selection of comparable firms

Given a target firm, we select our sample of comparable firms from the same industry as the
target. When we do not use all the firms in the industry we need a selection criterion to
determine the sample we use for a valuation. Our sample selection criterion is to use those
firms with long-term growth rate forecasts closest to that of the target. Growth is the
measurable characteristic that has been found to be most useful in using price-earnings
multiples for valuation, so this procedure is designed to select the comparables whose multiples
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TABLE 1 Summary statistics

This table reports summary statistics of N, the number of firms in the industry-year pair; g, the arithmetic
average of the long-term growth rate estimates; size, the arithmetic average of market capitalization; g, the
standard deviation of g; oy, the standard deviation of size.

Mean Median SD 75%-25% 90%-10% 95%-5%  Observations (target)
N 337 133 498 410 981 1304 23,614
g 0.14 0.14 0.07 0.08 0.16 0.22 23,614
size ($1000s) 5909 1174 20,710 3276 11,159 23,095 23,614
o 0.15 0.15 0.04 0.04 0.08 0.11 23,614
Giize 4270 2332 5219 4123 10,534 14,790 23,614

should contain the most relevant information.> Both intuitively, and also for the reasons
discussed above, these are the firms whose multiples should be given the most weight in any
multiples-based valuation.

The sample selection procedure for target firm i, year ¢, and sample size n, is to select the n
comparable firms with the smallest absolute difference from the target in their long-term
expected growth rate gy, that is, the n firms with the smallest values of g, — g,,| * This selection
procedure gives a ranking of all comparable firms in terms of their closeness to the target firm.
As we increase the number of comparable firms used, we add the firm with the next smallest
distance measure at each stage.

3.4 | Sample and data

We use Institutional Brokers' Estimate System (IBES) data to construct our sample. We select
firms using a procedure similar to LNT.” As of April of each year (labelled year t) we select
firms that satisfy the following criteria: (1) price (P), forecasted earnings per share (EPS) for
year t + 1 (EPS1), and long-term growth forecast are available in the IBES summary file; (2)
nonnegative earnings and share price greater than or equal $2; (3) all price to forward earnings
ratios lie within the 1st and 99th percentiles of the pooled distribution; and (4) all industry-year
pairs contain at least 21 firms and selected industries have at least 10years of data. The
resulting sample contains 23,614 firms (i.e., 1,245,456 firm-years observations) in the period
from 1982 to 2014. Descriptive statistics for the sample are given in Table 1.

For our industry definition, we use the IBES “Industry” classification, the intermediate level
from the IBES Sector/Industry/Group classification. IBES's industry classification is loosely
based on the S&P 500 industry groupings.

3See Alford (1992) and Zarowin (1990).

“In instances where the long-term expected growth was the same for two different firms we used additional ranking criteria: the absolute
difference from the target in their PE ratios: |[PEj; — PEjl.

S0ur sample is less constrained than theirs, because they require nonmissing data on COMPUSTAT and CRSP for some of the tests
they run.
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TABLE 2 Ratio of value driver to price

This table reports descriptive statistics of the value driver used to estimate valuation multiples and pricing
errors: EPS1 is the 1-year out EPS forecast and P is the stock price as of April of each year in the sample. Sample
includes all firms from the IBES Summary file in the period from 1982 to 2014 with nonmissing information for
price and forecasts of 1-year ahead EPS and long-term growth rate. Firms with negative earnings and share
price smaller than $2 were excluded. Observations with resulting P/E rations outside the 1st and

99th percentiles of the pooled distribution were also excluded as well as firms from industries with less than 25
firms in any given year and with less than 10 years of data. The resulting sample contains 23,614 firms
(1,245,456 firm-year observations).

Mean Median SD 75%—-25% 90%-10% 95%—-5% Observations
P/EPS1 18.4128 16.0153 10.4072 8.6916 19.0442 27.9718 23,614

Abbreviations: EPS, earnings per share; IBES, Institutional Brokers' Estimate System.

Table 2 gives descriptive statistics of the value driver (1-year out EPS forecast scaled by
price) used to estimate valuation multiples. The distribution of scaled value drivers is skewed to
the right, with an implied average and median P/EPSI ratio of 18.41 and 16.01, respectively.

4 | RESULTS
4.1 | Pricing errors for different number of comparable firms

Table 3 reports descriptive information on the distribution of pricing errors across the entire sample
for different numbers of comparable firms used in the estimation of the valuation multiples.

For n equal to 5 or greater, the mean errors are close to zero, indicating little bias. The
absolute bias with 50 comparables is similar to that with 10, suggesting that increasing the
number of comparables beyond 10 does not improve the bias. However, with n < 10 there is a
significant bias, suggesting that very small samples may be less accurate. The other measures of
accuracy show similar patterns. n = 10 is as good or better than using all firms in an industry
for all measures. However n = 5 or less is generally slightly worse. Figure 1 shows the
dependence of accuracy on sample size graphically. In the figure the horizontal line represents
the measure calculated using an increasing number n of comparable firms. All accuracy
measures exhibit a decrease for less than 10 comparable firms (i.e., Bias, MAD, and MSE
increase). Also, all accuracy measures show a little detectable decrease as the number of
comparables increases, particularly when n is higher than 15-20 firms.

The cause of the inaccuracy of small samples is the higher frequency of extreme errors. Figure 2
shows the distribution of pricing errors for different levels of n. As n increases, the distribution
becomes less leptokurtic. The frequency of very small errors increases, but so does the frequency of
very large ones. Figure 3 shows the tail of the error distribution for different levels of n. The four
charts in Figure 3 illustrate this. As n increases, the number of extreme errors decreases. For
n =2,5,10,and All, the number of extreme observations is 185, 60, 30, and 16, respectively.®

®We define an extreme observation when the pricing error is greater than 200%.
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FIGURE 1 Accuracy measures for the whole sample by the number of comparable firms. (a) Bias, (b) mean
absolute deviation (MAD), and (c) mean squared error (MSE).
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FIGURE 2 Distribution of pricing errors &;(n) for different values of n, the number of comparables

This result suggests that the main cause of higher error in forecasts made with small
numbers of comparables is the greater frequency of very large errors when n is small. We show
later how it is possible to predict when a valuation will suffer from this problem and, therefore,
use small samples of comparables with confidence.

We also examine the evolution of the accuracy measures through time. Table 4 and Figure 4
show the absolute and relative levels of the average valuation errors by year. None of the
measures shows a strong trend over time. However, in the adversity periods 1999-2003 and
2008-2009—which correspond to the Internet bubble and the US financial crises—there is a
large increase in the average pricing error, both in absolute terms and also in the relative error
from using a small number of comparables.

4.2 | The effect of industry

Table 5 reports the accuracy measures across industries. We focus on measures of the relative
accuracy of small sample estimators versus the entire industry, to examine whether industry
gives a reliable basis on which to decide to use a small number of comparables. From Table 5
small sample valuations appear to have greater merit in some industries rather than others. For
instance, using RelBias(5) as the measure of relative accuracy, “ELECTRICAL” produces a
higher relative bias than “INDUSTRIAL SERVICES”, which in turn is higher than the relative
bias of “AUTO PART MFG”. However, the pattern is not stable for different accuracy measures.
For instance, “INDUSTRIAL SERVICES” has the lowest relative MSE and the highest relative
MAD of these three industries. Also, these relative rankings also change for different values of
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n. In the case of these three industries they differ between n = 5 and n = 10. Hence it is not
clear that industry is a reliable guide to the relative accuracy of small sample valuations.

To investigate the effect of industry in a more rigorous way, Tables 7-9 report the results of
regressing the relative accuracy of small sample valuations on industry characteristics. We run
a series of panel regressions of the measures of the relative accuracy of a small sample valuation
on industry characteristics for each industry-year combination. All variables are as averages for
each industry-year pair. The dependent variables are those shown in Table 6: RelBias,,(n),
RelMAD,,(n), and RelMSE,,(n) for n € {5, 10, 24, 50}. The independent variables are: n, number
of firms used; g, average of the long-term growth rate estimates; size, average of market
capitalization; gg, standard deviation of g; gy, standard deviation of size; and their respective
logs. The distributions of size and o, are highly skewed, so their logs were used in the
regressions. Table 1 gives statistics for these independent variables.

There are 625 industry-year combinations for n < 20 and this number decreases as n
increases. This is a consequence of our sampling procedure in which we imposed a minimum
of 21 firms in each industry-year pair. For n = 50 the number of observations falls to 139.
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FIGURE 4 Accuracy measures across time by the number of comparable firms. (a) Bias, (b) RelBias, (c)
MAD, (d) ReIMAD, (e) MSE, and (f) ReIMSE. MAD, mean absolute deviation; MSE, mean squared
error; RelBias, relative bias; ReIMAD, relative mean absolute deviation; RelMSE, relative mean squared error.

Regression results for RelBias, presented in Table 7, indicate that none of the industry
characteristics hold any consistent explanatory power. Only the number of firms in each
industry-year pair (V) is a significant regressor. N is positive for n = 5, 10, and 20 but negative

for n = 50.
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EUROPEAN

FINANCIAL MANAGEMENT
TABLE 6 RelBias, ReIMAD, and RelMSE panel regressions—Summary statistics

The table reports summary statistics of the dependent variables used in the panel regression of relative accuracy
measures. Dependent variables are the three relative accuracy measures RelBias,,(n), RelMAD,,(n), and
RelMSE,,(n), with n = 5, 10, 20, 50.

Mean Median SD 75%-25% (%) 90%-10% (%) 95%-5% (%) Observations

RelBias5 2.80 1.00 12.78 9.22 22.46 33.63 625
RelBias10 —0.05 0.16 10.84 9.65 22.89 33.52 625
RelBias20 —-2.55 =222 12.44 10.28 24.89 36.50 625
RelBias50 —241 =215 2191 13.27 42.60 67.74 139
RelMADS 1.01 1.01 0.12 0.13 0.29 0.40 625
RelMAD10 0.97 0.99 0.09 0.10 0.22 0.28 625
RelMAD20 0.96 0.98 0.06 0.07 0.16 0.20 625
RelMAD50 0.97 0.98 0.05 0.05 0.12 0.14 139
RelMES5 1.06 1.03 0.25 0.27 0.60 0.80 625
RelMES10 0.97 1.00 0.16 0.19 0.39 0.52 625
RelMES20 0.94 0.95 0.11 0.12 0.27 0.36 625
RelMES50 0.94 0.97 0.08 0.09 0.21 0.27 139

Abbreviations: RelBias, relative bias; ReIMAD, relative mean absolute deviation; ReIMSE, relative mean squared error; SD,
standard deviation.

When relative mean absolute deviations ReIMAD are considered in Table 8 the
predictive power of the number of firms in each industry-year pair N is significant
positive for a small number of comparables (n = 5 and 10) and negative for a large
number of comparables (n = 50), This finding implies that for larger industries is needed
higher number of comparables to achieve valuation accuracy. For example, for
specification (12), if we multiply the coefficient of N, —0.001, by the interquartile range
of N, 43.3, we get a difference of ReIMADS50 equal to —0.043. Thus the relative accuracy of
a valuation based on n = 50 improves by 4% in large industries. This result is similar using
the relative MSE measure.” The result indicates that large industries perform relatively
better using a larger number of comparables. The results on ReIMAD in Table 8 also show
a negative significant coefficient for the standard deviation of the growth rate (o;) for a
small number of firms (n < 20). Again, this result suggests that smaller volatility of
growth rate leads to higher accuracy. However, this result is not confirmed in Table 9
based on RelMSE.

Overall, these results suggest that it is not possible reliably to choose to use a small number
of comparables based on the characteristics of an industry. The only reliable effect is that the
valuation for large industries works better by using a higher number of comparable firms.

’On the other hand, the positive and significant N for a small number of comparables (n = 5 and 10) is meaningless and likely
statistical artefact due to the small sample of firms in both groups (i.e., n & N); that is, this derives more from the inadequacy of using
the entire set of comparable firms in such industries.
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4.3 | Improving small sample valuations

Our analysis suggests that problems with sample valuations are caused when there is a
likelihood of extreme valuation errors. Motivated by this, we subdivide the full sample in two
subsamples and undertake additional analysis. We create the subsamples based on the
difference between the growth rate of the target firm, g, and the average growth rate of the
comparable firms, using n = 5 to measure this difference. The main subsample consists of that
80% of the valuations with the smallest absolute difference in these growth rates. In other
words, we segment the sample at the 80th percentile of this difference in growth rates. This
corresponds to an absolute difference in growth rates of 0.92%. Thus the test is essentially the
same as segmenting the sample into those valuations where the average forecast growth rate of
the five comparable firms is within 1% of the growth rate of the target firm, and those where
this difference is greater. The former case has a frequency of 80% in our sample and the latter
case a frequency of 20%.

Tables 10 and 11 show the accuracy measures for these two samples. Table 10 is for the
sample with close growth rates and Table 11 for the rest of the sample. The tables show that the
problem with small samples lies primarily in the cases when there is a large difference between
the growth rates of the comparable group and the company being valued. In particular, in
Table 11, where there is a large growth difference, the MSE for small sample valuations is much
higher than the MSE for large sample valuations in those cases (16.8% for n = 5 vs. 13.5% for
n = All). In contrast, when the growth rates are similar, Table 10 shows that a valuation with
n = 5 is essentially as accurate as one which uses all firms in an industry.

Thus valuations using five comparable firms are as accurate, on average, as those using a
large number of firms if the firms used are from the same industry, if they are chosen to be the
firms with expected growth rates closest to the target firm, and if their average growth rate is
within 1% of the target firm's growth rate. This, unsurprisingly, is a close approximation to the
rule practitioners use when carrying out valuations based on multiples. However, because this
rule is very simple and automatic, it is likely that the rule can be improved by incorporating
other considerations, whether based on an extended automatic rule or judgement.

5 | CONCLUSIONS

Typical practitioner valuations use small numbers of comparable firms. Our study provides
evidence that using about five comparables is optimal when the comparable firms used are
those from the same industry with expected growth rates closest to the target firm, and if their
average growth rate is within 1% of the target firm's growth rate. Adding more comparables to
the valuation has the benefit of adding more information, but the cost of adding more noise. We
show theoretically that this trade-off can go either way. We show empirically that beyondn = 5
there is, on average, a net benefit of adding more comparables only in the relatively small
number of cases where it is not possible to find five comparables with an average growth rate
close to the target firm's growth rate.

Our conclusions are based on simple automatic rules for selection of comparables and
weighting of the evidence they contain. If more complex automatic rules or judgemental rules
can be used to select comparable firms, the weighting scheme, or even the value drivers used, it
may be possible to improve the relative performance of small sample valuations even further.
We leave this for further research.
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Given that there is no “one-size-fits-all” procedure for choosing comparable firms, in
practice judgement beyond standard criteria is generally used in selecting comparable
companies. For example, how should one choose the right set of companies for valuing Google
or Amazon? What industry is Google even in? Similarly, whether adding more firms is
beneficial or not is highly dependent on the nature of the firm being valued. If research could
find a solution to this problem that can be described by complex automated rules it would be a
major next step in the use of multiples.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the authors with the
permission of a third party (i.e., all relevant Databases used in the study).
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APPENDIX 1: THE EFFECT OF INCREASING THE NUMBER OF
COMPARABLE FIRMS

Consider a target firm, i, being valued using multiples. We show how the error in a valuation
varies as we increase the number of comparable firms used. We demonstrate the effect using a
generalized procedure based on a weighted average of the multiples of the comparable firms j.
For sample size n, the estimated multiple for firm i is a weighted average of the multiples with
weights wy:
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n n
M, = Y wM, with Ylw =1, (A1)
j=1

j=1
where M; is the multiple for comparable firm j. We measure the error in the estimated value as®
&= M\ n— M. (A2)

This has variance V;, = VAR(E,). We are interested in how the accuracy of the valuation,
measured by V,, varies as we increase n.

Suppose that we add to the sample the (n + 1)th closest comparable firm, with weight w,, ;1.
We preserve the relative weights of the other firms.” The new estimate of the multiple is

—

Myy=Q0Q - Wn+1)M\n + Wy 1My

— — (A3)
=M, - Wn+1(Mn - Mn+1)
and the new error
€1 = fw\n+1 - M,
— — (Ad)
=M, — Wp1(My, — Myyq) — M.
The new error variance V, is
Var1 = VAR(M, — M) + w; VAR(M, — Mp41) A3)
— 2w, 1COV (M, — Myy1, My — Mp).
The first term on the right-hand side is equal to 1}, so
Vo1 = Vo= w2 VAR(M, — My 1)
(A6)

—~ 2w 41COV (My, — My, M, — M)).
The condition for the addition of the extra comparable firm to reduce the error variance is
Var1 — Vo <0. (A7)

Rearranging and assuming a nonzero weight w1, this condition is

COV(]/VTn - Mn+17 M\n — M)
VAR(Mn - Mn+1)

Wpy1 < (A8)

8Alternatively, we could measure the proportional error. This will vary in the same way.

For example, if n = 3 we would have: 1\73 = Z;leMj = wiM; + woM, + w;3Ms. Let iy be the weight of the fourth multiple to be
included, My, and W, t € {1, 2, 3}, the new weights of the previously included multiples. We arrive at (A3) by rewriting w, = (1 — Wy)w;,
t € {1, 2, 3}, and rearranging terms.
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The right-hand side of this expression is a measure of the incremental information about M;
that is contained in M,,.;. The condition says that the weight given to M,,,; must not be too
great relative to the incremental information it contains.

The trade-off involved in adding an extra comparable is this. If the extra firm contains little
incremental information about the valuation, it should be assigned a low weight. If the
weighting scheme gives it too high a weight, it will add mainly noise to the valuation and
reduce the weight given to more informative multiples. The correct weight is uncertain.
Therefore, if the incremental information in the extra firm is too low, it is best simply to give it
a zero weight. The point where this happens is the optimal sample size. If this occurs for a
sample less than the entire industry, it will be better not to use all the firms in the industry.

The above analysis is based on using the error variance as the accuracy criterion and a
weighted average of comparable multiples as the valuation method. However, the same basic
trade-off applies to any accuracy criterion and weighting method.

APPENDIX 2: THE OPTIMAL WEIGHTING SCHEME

Let by, be the slope coefficient from a regression of M, — M,,,1, the incremental contribution
from the (n + 1)th firm, on M,, — M;, the estimation error from using n comparable firms. Then
the condition (A8) in Appendix 1 is

Wy < 2bn+1- (Ag)

This condition states that adding an extra comparable reduces the error if w,; is not too
large relative to by, 1. Even if there is extra information in M, ,, it must not be given too much
weight, because doing so will crowd out the information in the other multiples.

The regression coefficient b, 4, is high if the extra information in M, ; is highly correlated
with the error ZT/[\,, — M;, if the variance of the error ZT/I\n — M; is high, and the extra information
in M,; has low variance.

We can use the formula for the incremental variance (A5) to derive the optimal value for wy:

0(Vpir — V, — — —
% = 2Wn+1VAR(Mn - Mn+1) - 2Wn+1COV(Mn - Mn+17 Mn - ]V[z) (AlO)
n+1

Setting this equal to zero yields the optimal weight:

*
Wys1 = b1

(A11)
Thus the optimal weight to give the (n + 1)th multiple can be estimated by running a
regression of the variable on M, — M, on the variable on M, — M. The slope coefficient of
this regression is an estimate of the optimal weight for M, .
This estimated value also illustrates whether other weighting schemes are placing too much
weight on M, ;. The addition of an extra comparable reduces the error if condition (A8) is fulfilled:

W1 < 2w 5. (A12)

If the actual weight is less than twice the optimal weight, the addition of the extra
comparable reduces the error. If the actual weight is greater than twice the optimal weight, the
addition of the extra comparable increases the error.
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Note that if the amount of additional information contained in an incremental multiple is
known, as measured by w*, extra multiples should always be added. As long as the weight is
correct it will always improve accuracy. However, the optimal weight cannot be observed, but only
estimated. Therefore, there will always be error in this procedure. As a result, if there is uncertainty
about the optimal weight the multiple may receive too high a weight and reduce accuracy. Also, the
optimal weight could be negative. In that case, any positive weight will reduce accuracy.

APPENDIX 3: LINEAR REGRESSION AS A WEIGHTING SCHEME
Consider a characteristic, y, that linearly affects a given multiple. This could be a vector, but
here it is a scalar. Consider the regression of M; on y;:

My =a+ By + e, (A13)
where @ = M — 8.
The regression estimate of the target multiple involves inserting the target characteristic, y,,

in (A13):

My=a+py=M+0Q -y). (Al14)

M, = Y wM, (A15)
j=1
where
I R U t))
’ N Z?zl()’}' - 37)2 ' (A16)

Thus the regression method is a weighted average, with the weights given by (A16).
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