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Abstract This paper examines the added-value of combining traditional valuation ratios

with each other as well as with some financial statement variables in the German stock

markets during the 2000–2015 period. The results show that combination pays off and,

moreover, that the benefits of combination are greater in Germany than in most other

developed stock markets. Particularly, we find strong evidence of the added-value of using

Piotroski’s F-score as a supplementary selection criterion for value stocks as well as for

low-accrual stocks. Our results show further that the F-score also boosts the efficacy of

other valuation ratios besides the book-to-price ratio. In addition, the inclusion of F-score

besides a relative value measure tends to increase the average market equity of portfolio

firms. The decomposition of the full-sample-period performance into separate bull- and

bear-period performance shows clearly that the better performance of F-score-boosted

portfolios is mostly attributable to their outperformance during bearish periods, even

though on average, they also generate higher bull-period returns than the comparable value

portfolios formed without F-score. The use of F-score as a supplementary criterion also

increases the proportion of stocks that earn above-market-average returns during the

subsequent holding period. For the first time in the financial literature, we also document a

strong relationship between high F-score stocks and momentum stocks.
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eero.patari@lut.fi

Timo H. Leivo
timo.leivo@lut.fi

Janne Hulkkonen
janne.hulkkonen@rainmaker.fi

J. V. Samuli Honkapuro
samuli.honkapuro@lut.fi

1 School of Business and Management, Lappeenranta University of Technology, P.O. Box 20,
53851 Lappeenranta, Finland

2 Rainmaker Numbers, Vattuniemenkatu 21, 00210 Helsinki, Finland

123

Rev Quant Finan Acc
https://doi.org/10.1007/s11156-017-0689-y

http://orcid.org/0000-0002-4536-8701
http://crossmark.crossref.org/dialog/?doi=10.1007/s11156-017-0689-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11156-017-0689-y&amp;domain=pdf
https://doi.org/10.1007/s11156-017-0689-y


Keywords Value premium � Valuation multiples � Value investing � Value
anomaly � Accrual anomaly

JEL Classification G11 � G14

1 Introduction

Considerable international evidence of value anomalies, which refer to the tendency of

value stocks to outperform the stock market average most of the time, has been docu-

mented (e.g., Chan and Lakonishok 2004; Brown et al. 2008a; Fama and French

2006, 2012; Cakici et al. 2013; Pätäri et al. 2017b). This evidence has shown not only that

the value anomalies in stock markets are a worldwide phenomenon but also that the

relative efficacy of different valuation criteria varies across stock markets and the sample

periods examined.1 In addition, some scholars have started to examine whether the per-

formance of value stock portfolios can be further enhanced by adding other criteria besides

relative value to the portfolio selection. These studies can be classified into two categories,

the first of which either combines value indicators with momentum indicators (e.g., Pätäri

et al. 2012, 2017a; Fisher et al. 2016) or double-sorts the stocks based on their value and

momentum indicators (e.g., see Bird and Casavecchia 2007; Leivo 2012). In the second

category, test designs attempt to pick the best-performing value stocks of the future from a

larger set of value stocks based on some other firm characteristics, such as profitability,

accruals or financial strength. The results of the studies of the latter type have been

promising as, on average, value stocks with good profitability, a high earnings quality and/

or a sound financial condition have performed better than stocks that are just the cheapest

in terms of valuation ratios.2 This study contributes to the latter category by combining

these three quality dimensions with a value dimension by using German stock market data.

Motivated by the evidence for the added-value of combining individual valuation ratios

into composite value criteria,3 we also test whether the benefits of creating combinations

within the value dimension are comparable to those achievable by combining the value and

quality dimensions. For this purpose, we form some simple 2-combination value portfolios.

We also examine the added-value of the inclusion of Piotroski’s (2000) F-score as the

supplementary criterion in cases of forming such composite value portfolios.

In general, the benefits of combining selection criteria are related to the inter-rela-

tionship between the criteria being compared. The weaker the relationship, the better the

potential for the added-value of combining. For this reason, the added-value of combining

individual valuation ratios is generally deemed to be limited, as they all are reasoned to

represent the same (i.e., value) dimension (e.g., see Fama and French 2011). However,

recent evidence has shown that the performance of value portfolios formed on different

valuation ratios does vary (e.g., see Barbee et al. 2008; Gray and Vogel 2012; Pätäri et al.

2017b), and therefore, we include several valuation ratios in our analysis. Among these,

operating cash flow-to-price (CFO/P) is particularly interesting, as Desai et al. (2004)

conclude that it can capture the mispricing attributes of both the value and the accrual

1 E.g., see Pätäri and Leivo (2017) for a comprehensive literature review on value anomalies and the
reasons behind them.
2 E.g., see Novy-Marx (2013) for evidence on the benefits of combining value and profitability criteria,
Bartov and Kim (2004) and Simlai (2016) for the benefits of combining value and earnings quality (de-
termined on the basis of accruals in these two studies) criteria, and Piotroski (2000), Piotroski and So (2012)
and Novy-Marx (2014) for the added-value of combining value and financial strength indicators.
3 E.g., see Pätäri et al. (2016) and Leshem et al. (2016).
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anomalies, even though these two anomalies capture distinct sources of mispricing.4

Another motivation for the inclusion of CFO/P is that despite these striking results by

Desai et al. (2004), CFO/P is a relatively infrequently examined valuation ratio in the

related literature, although the results of the few studies in which it has been employed for

value portfolio selection have been favorable for this specific value measure (see Dis-

sanaike and Lim 2010 for U.K. evidence, and Kim et al. 2012 for U.S. evidence). To find

out whether the accrual anomaly found by Sloan (1996) is subsumed by the value anomaly

when using CFO/P as a proxy for relative value in the German stock market as well, we

also include accruals as one of portfolio-formation criteria in our analysis.

Motivated by the results of Novy-Marx (2013), we also examine the added-value of

combining value and profitability dimensions for portfolio selection purposes. Instead of

the gross profitability employed by Novy-Marx, we use return-on-equity (ROE) as a

measure of profitability, because ROE is more closely related to the B/P ratios that we use

as proxies for relative value in combining value and profitability dimensions5 (Because the

tendency of low (high) B/P firms to be more (less) profitable (in terms of ROE) than high

(low) B/P firms is well-documented (e.g., see Damodaran 2012; Penman and Reggiani

2013), there is a more solid theoretical foundation for such value-profitability combinations

due to the inverse relationship between B/P and ROE6).

As the third quality indicator, we employ Piotroski’s F-score that, based on nine binary

signals designed to measure three different dimensions (i.e., profitability, change in

financial leverage/liquidity, and change in operational efficiency) of firms’ financial

strength, forms a composite quality score within a range of 0–9. Recent evidence has

shown that coupled with B/P rankings, Piotroski’s F-score is among the most efficient

commonly-used quality criteria in building value-quality equity portfolios (e.g., see Pio-

troski and So 2012; Novy-Marx 2014). It is also widely used in the investment industry.

However, to the best of our knowledge, the performance of equity investing strategies

based on Piotroski’s approach has not been examined in the German stock market in

academic journal articles prior to our paper.

The potential added-value of using quality indicators beside value indicators stems from

the fact that many value stocks remain cheap (in terms of relative value) for an extended

period of time. In such cases, the investor may buy them much too early, which leads to a

poor portfolio performance. However, when the quality criterion/criteria is/are also taken

into account in stock selection decisions, the probability of poorly timed purchases

4 The branch of accounting literature that discusses whether the accrual anomaly is distinct and incremental
to other pricing anomalies is abundant (e.g., Collins and Hribar (2000) conclude that the accrual anomaly is
distinct from the post-earnings announcement drift (PEAD) anomaly, whereas Barth and Hutton (2004)
show that the predictive ability of accruals for future returns is not subsumed by the predictive ability of
analysts’ forecast revisions. By contrast, Dechow et al. (2008) conclude that the accrual anomaly subsumes
the investing and the external financing anomalies, whereas Ball et al. (2016) state that cash-based operating
profitability subsumes accruals in predicting the cross section of average returns). The same also holds for
the literature on the reasons and explanations for the accrual anomaly (e.g., see Richardson et al. 2010, and
Dechow et al. 2011, for extensive reviews on such studies).
5 According to a decomposition of B/P, it can be determined on the basis of the dividend growth model of
Gordon and Shapiro (1956) and the relationship between the sustainable growth rate (g), dividend payout
ratio (DIV/EPS) and ROE as follows: Assuming that P = DIV/(r - g), and ROE = EPS/B, and g = ROE (1
- DIV/EPS), it follows that B/P = (r - g)/(ROE - g). Ceteris paribus, higher ROE justifies lower B/P, and
vice versa.
6 E.g., Haugen and Baker (1996), Novy-Marx (2013) and Hou et al. (2017) show that firms with higher
ROE earn higher subsequent returns than firms with lower ROE.
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decreases, which boosts the overall performance of the portfolio.7 Thus, the quality indi-

cators help investors detect which of the value stocks are actually underpriced and which of

them are cheap for a reason. Because the market responds slowly to accounting infor-

mation (e.g., see Ou and Penman 1989), quality indicators based on financial statements

are useful for assessing whether a cheap-looking stock should be bought immediately or

later, or whether it should not be bought at all.

The German stock market provides an interesting setting for this type of study, as the

value anomaly has been documented to be exceptionally weak there (e.g., see Capaul et al.

1993; Fama and French 1998; Artmann et al. 2012b). Therefore, the added-value of using

financial statement information for the performance enhancement of value portfolios may

be greater in such circumstances. Our results show that this is actually the case. We also

contribute to the existing literature by coupling for the first time, to our best knowledge,

Piotroski’s F-score with several other valuation measures besides book-to-price (B/P). The

performance of the F-score-boosted portfolios is also compared with that of the equal-sized

quantile portfolios formed on the same valuation measures.8 In addition, we test the added-

value of combining F-score with low-accrual stocks.

The structure of the paper is as follows: Sect. 2 describes the data and methodology,

while Sect. 3 introduces the empirical results. Section 4 concludes.

2 Data and methodology

2.1 Sample selection and methodology

The portfolios are composed of non-financial German stocks quoted in the Frankfurt Stock

Exchange (FSE). The sample period extends from May 2000 to April 2015. To be included

in the portfolios, the firms had to have financial statement variables available for two

previous fiscal years preceding each portfolio-formation point. To avoid survivorship bias,

the sample also includes the stocks of the companies that were delisted during the

observation period. If an issuer has had two or more stock series listed, only the one with

the higher trading volume is included in the sample.9 The firm-years with fiscal year ends

in months other than December are excluded from the sample.10 Adjustments for divi-

dends, splits and capitalization issues are made appropriately. In line with the seminal F-

7 The addition of the second-layer quality criteria beside a value criterion can also boost the so-called hit
rates that indicate the proportion of stocks whose returns have been higher than the return of the benchmark
portfolio. For example, by using a value-weighted market index as the benchmark, Piotroski (2000) reports
positive market-adjusted 1-year holding-period returns for only 43.7% of the top-quintile B/P stocks,
whereas the corresponding hit rate for the portfolio that consists of the highest F-score stocks (i.e., scores of
either 8 or 9) in the highest B/P quintile is 50.0%.
8 In spite of numerous robustness tests, Piotroski (2000) does not compare the performance of the portfolio
formed from the highest F-score stocks picked from the top-quintile B/P stocks to the quantile portfolio that
would have consisted of an equal number of the highest B/P stocks.
9 One of the peculiarities of the German stock market is the dual class system, where many firms have two
stock series, common and non-voting stocks that are often misinterpreted as preferred stocks and excluded
from the samples in academic studies. However, this should not be done, as even for some major German
firms, the non-voting stocks may compose the integral part of their market equity. Moreover, in some cases
their trading volume can be higher than that of the common stocks of the same company (see Brückner 2013
for details).
10 We set this limitation to ensure that all firm-year observations are equally fresh when forming the value
portfolios.
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score study of Piotroski (2000), we do not set any percentile market-cap breakpoint for the

inclusion condition.11 Instead, we control the size effect by including the size factor (SMB)

in the 4-factor model, which is used as a basis for determining abnormal returns for each

portfolio. SMB also reveals whether the portfolios are, on average, tilted towards small- or

large-cap stocks. Moreover, at each portfolio-formation checkpoint, the stocks whose

prices are below €1.00 and which have a market-cap below €5 million are excluded from

the universe of investable stocks for the subsequent 1-year holding period.12 The stock

return data is from the Thomson Reuters Datastream,13 whereas financial statement data is

from Worldscope. One-month EURIBOR (downloaded from Datastream) is used as a

proxy for the risk-free rate of return.

To be included in the sample of investable stocks at each portfolio-formation point, the

firms must have all the information available for the calculation of all 13 selection criteria

being examined. Although this prerequisite reduces the number of otherwise usable firm-

year observations, it allows the best possible comparison of the results based on different

single selection criteria and/or combination criteria, consistent with Dhatt et al. (2004) and

Pätäri et al. (2017a). In line with the existing literature (e.g., see Fama and French

1992, 2008, Artmann et al. 2012a; Gharghori et al. 2013), we also exclude firm-year

observations for which the book value of equity is negative.14 After all exclusion criteria,

the final sample size ranges from 230 companies in the year 2000 to 465 in 2008, com-

prising 5713 firm-year observations, with complete data for each of the 13 selection criteria

over the 2000–2015 sample period.

Accounting data is from the latest available financial statements published prior to the

moments of rebalancing, whereas the market values of equity used in the denominators of

the price multiples are updated to match those prevailing at the end of April in year t for all

firms.15 The sample stocks are first ranked based on valuation multiples, accruals, market

leverage or combination criteria calculated on every rebalancing date, that is, the first

trading day of May, with a 1-year frequency.16 The stocks are then divided into decile

portfolios based on these ranks. In the first stage, we use 12 different selection criteria for

11 Piotroski (2000) documents the benefits of F-score to be greatest among small- and mid-cap firms in the
U.S. stock markets (Novy-Marx 2014 also ends up with parallel results with a longer dataset ranging from
mid-1963 to the end of 2012). As we, unlike Piotroski, also compare the performance of F-score-boosted
portfolios with that of the value portfolios of the same size (in terms of the number of stock series in the
portfolios), our research design allows us to also examine the impact of the inclusion of the F-score on the
robustness of the results to size effect. Another reason for not establishing a percentile market-cap break-
point is the dual stock classes of many German firms described in footnote 9 (In some cases, the Datastream
market equity values for German dual class firms are based only on the market equity of common shares
and, therefore, erroneously omit the market equity part of non-voting stocks).
12 We set the market-cap threshold besides the penny stock filter because not all German penny stocks are
simultaneously small-caps (for examples see Brückner 2013).
13 Being aware of the problems in Datastream equity return data (e.g., see Ince and Porter 2006), we
checked and corrected the total return time series for each equity according to the guidelines suggested by
Brückner (2013). As a result of such actions, our sample is comprehensive and representative, given that the
coverage of the German stocks in Datastream has increased dramatically since 1990 (According to Brückner
2013, a complete total return time series is available for 97.92% of German stocks after 1990).
14 See also Brown et al. (2008b) and Ang (2015) for discussions on the characteristics of negative book
equity stocks.
15 We follow this practice because we aimed to use the latest available information in portfolio formation
without any look-ahead bias consistent with Lakonishok et al. (1994), Desai et al. (2004), Asness et al.
(2013), and Fisher et al. (2016), among others.
16 Consistent with previous literature (e.g., Lakonishok et al. 1994; Dhatt et al. 2004; Gharghori et al. 2013;
Fisher et al. 2016), we form portfolios 4 months after the end of the fiscal year to avoid look-ahead bias.
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ranking the stocks into decile portfolios. Three of these are traditional price multiples (i.e.,

B/P, earnings yield (E/P) and sales-to-price (S/P)). The three other single criteria being

examined are operating cash flow-to-price (CFO/P), employed by Desai et al. (2004),

Dissanaike and Lim (2010), and Kim et al. (2012), market leverage, employed by Fama

and French (1992), Loughran and Wellman (2011) and Artmann et al. (2012a), and ac-

cruals-to-assets, used in Piotroski (2000), Dopuch et al. (2010), and Lee and Lee (2015).

To the best of our knowledge, the inter-relationship between the value and accrual

anomalies has not been examined previously in the German stock market on the basis of

portfolio sorts.

The remaining combination criteria are those that have been proven or can be supposed

to be efficient on the basis of previous financial literature. The first of these is the com-

bination of E/P and B/P, in which the average of the B/P and E/P rankings at each

portfolio-formation point determines the rank score for each firm (The same methodology

is applied in forming all the combination strategies that will be introduced next). The

second is the corresponding combination of B/P and return on equity (ROE). The rela-

tionship between B/P and ROE has often been discussed in the valuation literature (e.g.,

see Wilcox 1984; Penman 1991; Leibowitz 1999; Wilcox and Philips 2005). In addition,

Piotroski (2000) finds that high B/P firms with the highest profitability earn higher returns

than comparable firms with the lowest profitability. Therefore, it is interesting to examine

whether the double criterion formed on these two variables is more efficient than B/P alone

in detecting undervalued stocks.

Motivated by the findings of Bartov and Kim (2004) and Simlai (2016), we also include

the combination of accruals-to-assets and B/P as one portfolio-formation criterion (The

authors documented the increase in both value portfolio return and value premium when

the value portfolio was selected from high B/P stocks with a low ratio of accruals-to-

assets). The fourth combination in which B/P is the other selection criterion is the com-

bination of B/P and S/P, motivated by the results of Bird and Whitaker (2003).17 Based on

the previous literature (e.g., see Dhatt et al. 2004), the S/P criterion is also combined with

each of the earnings multiples (i.e., E/P and CFO/P). Altogether, six combination criteria

are used for ranking the stocks into decile portfolios.

In the second part of the empirical analysis, we examine the same portfolio-formation

criteria as in the comparison of decile portfolios, but we include F-score as a supple-

mentary criterion. We first form value tertile portfolios based on each criteria. In the

second stage, the top-tertile stocks with the two highest F-scores (i.e., either 8 or 9) are

picked for the ultimate value portfolios. To better abstract the added-value of F-score, we

also form comparable quantile portfolios in which the number of constituent stocks is set

equal to that of the highest F-score stocks in the corresponding tertile portfolio for each

holding period.18 Similar to Hyde (2016), we also form a portfolio of high F-score stocks

without any connection to their relative value, although Piotroski’s (2000) original purpose

17 Based on the large sample of stocks from seven major European developed countries (Germany inclu-
ded), the authors find that high B/P and S/P portfolios consisted of different type of stocks; whereas high B/P
quintile stocks were mostly below average in terms of market cap, high S/P firms were clearly bigger than
high B/P firms. In addition, the high S/P quintile consists of stocks for which the average B/P was close to
the B/P middle-quintile average.
18 For example, when the number of high F-score stocks (determined on the basis of 1999 financial
statements) included in the E/P top-tertile in spring 2000 is 23, the ultimate E/P value quantile portfolio
being compared against the combined E/P and F-score portfolio consists of the same number of the highest
E/P stocks during the subsequent holding period.
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for using F-score was to select from the larger set of value stocks those that are financially

strong in spite of their low relative value.

The stocks included in each portfolio are equal-weighted at each portfolio-formation

point. The weight changes of the stocks stemming from their return differences within

1-year holding periods are taken into account in the calculation of monthly quantile

portfolio returns.19 The calculation principles for the valuation ratios, accruals and market

leverage are described in Appendix 1, whereas Appendix 2 introduces the binary com-

ponents of F-score, which are determined analogously to Piotroski (2000).

2.2 Sample characteristics

Descriptive statistics of the sample stocks (Table 1) indicates that the levels of relative

value are clearly dependent on the overall stock market conditions and vary remarkably

over time. Based on the cross-sectional medians of B/P, CFO/P, S/P, and market leverage

as end of April, the German stocks were at their cheapest in terms of their relative value in

spring 2003,20 just before the long bullish period that preceded the financial crisis.

However, based on the comparable medians of E/Ps, the lowest relative end-of-April

valuation took place in 2009, just after the first relief of the financial crisis. By contrast, the

valuation criteria disagree more on the point of the highest relative valuation: Based on B/P

and CFO/P medians, it was in spring 2007 just before the financial crisis, whereas based on

S/P and market leverage, the average relative valuation levels were at their highest 1 year

later. E/P deviates from other valuation criteria also in this respect, as the lowest E/P

median appeared in spring 2004.

The decrease in the median market equity value of the sample periods during the first

years of the sample period is explained by several reasons: First, the general stock market

decline from the end of April 2000 till the end of April 2003 cut off, on average, 54.9% of

the market equities of German stocks (Actually, the maximum drawdown during the burst

of the dot-com bubble from the 7th of March, 2000 to the 12th of March, 2003 was

- 67.3%). Second, many IPOs were implemented during the late 1990s as well as during

the early 2000s, and the issuers were mostly smaller-cap firms or at least ended up to small-

caps during the burst of the bubble. For example, by June 2003, the NEMAX All Share,

which was the composite index of the Neuer Markt,21 where most of IPOs around the

millennium change had taken place (Brückner 2013), had fallen to only 5% of its all-time-

19 This methodology is followed instead of using value-weighted returns because from the viewpoint of
practical implementation of the investing strategies, our approach is more realistic and easier to implement
(Based on the previous literature, according to which both value and accrual anomalies are stronger on an
equal-weighted basis than on a value-weighted basis (e.g., see Loughran and Wellman 2011 and Taylor and
Wong 2012, respectively), it is also more likely that a portfolio manager would rather equal-weight than
value-weight the constituent stocks when deciding on portfolio allocation).
20 The reader should note that the descriptive statistics is based on only 15 cross-sectional snapshots, and
therefore, it only indicates the levels as end of April each year.
21 The Neuer Markt was an exchange regulated market at the FSE. It was opened in March, 1997 to raise
capital to young ICT companies. In many respects, it was comparable to the NASDAQ in New York, the
AIM in London, or the Nouveau Marché in Paris. Although the Neuer Markt was very successful in the
beginning (e.g., see Vitols 2001), many irregularities and the poor performance of its constituent companies
over the 3-year period from March 2000 to March 2003 severely damaged its reputation. From the peak of
8559 points recorded in March 2000, the NEMAX All Share gradually fell to its all-time-low of 358 points
in March 2003. As a consequence, the Neuer Markt was closed in June, 2003. However, as the Neuer Markt
was not a separate segment of the FSE in legal terms, the constituent companies stayed with their formal
listing at the FSE (Stehle and Schmidt 2015).
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high recorded in March 2000 (Stehle and Schmidt 2015). The turbulence caused by the

financial crisis triggered the similar-type of stock market crash than the burst of the

technology bubble a few years earlier, although the later crash was not so deep in Germany

than was the earlier crash (The maximum drawdown during the crash caused by the

financial crisis from the 9th of July, 2007 to the 6th of March, 2009 was - 50.5%). In

addition, as the stock market index was at the higher level before the financial crisis than it

was before the burst of the technology bubble, the financial crisis does not explain alone,

why the median market equity of the sample firms as end of April 2009 is even at lower

level than it had previously been as end of April within the sample period. The other reason

for this is that the new entrants have unsurprisingly been smaller firms than those already

included in the sample. Despite the fact that during the last 6 years of the sample period,

the market-cap median has risen remarkably, it was still only approximately half of what it

was in the beginning of the sample period.

Based on the pooled annual cross-sections of firm-year variables employed in portfolio

formation, Table 2 shows the pairwise variable correlations over the 15-year holding

period. The strongest correlation is between the S/P and market leverage ratios, whereas

the weakest (in terms of absolute values) is reported between B/P and ACCR. The

strongest negative correlation is between the E/P and market leverage ratios. Generally, the

strongest correlations with the other variables are documented for E/P, but the corre-

sponding correlation coefficients vary a lot, being outstandingly negative in some cases,

Table 1 Descriptive statistics

Year B/P CFO/P E/P S/P ACCR MLEV ME # of firms

2000 0.504 10.67 3.98 2.137 - 0.043 1.799 204.16 230

2001 0.494 6.70 4.59 1.826 - 0.025 1.541 204.74 252

2002 0.621 7.42 2.43 1.936 - 0.060 1.798 125.43 350

2003 0.933 15.57 2.82 2.939 - 0.074 2.638 83.52 320

2004 0.648 11.06 2.18 1.925 - 0.070 1.796 55.26 409

2005 0.561 11.07 4.15 1.744 - 0.062 1.526 54.04 399

2006 0.524 7.73 4.02 1.360 - 0.038 1.305 75.56 397

2007 0.457 6.09 4.50 1.291 - 0.020 1.242 88.61 406

2008 0.475 6.60 4.41 1.243 - 0.031 1.216 83.06 442

2009 0.806 11.65 5.91 2.304 - 0.044 2.105 45.13 456

2010 0.629 10.57 3.06 1.596 - 0.063 1.636 61.50 437

2011 0.557 8.53 4.98 1.371 - 0.033 1.356 85.05 418

2012 0.695 8.52 5.73 1.671 - 0.033 1.660 73.83 420

2013 0.652 8.73 4.58 1.632 - 0.043 1.527 86.95 400

2014 0.508 7.84 3.79 1.359 - 0.044 1.242 103.24 377

Average 0.604 9.25 4.08 1.756 - 0.046 1.626 95.34 380

For each of the six single portfolio-formation criteria examined, the table presents annual medians, as well
as their full-sample period averages (The medians of CFO/P and E/P are in percentages). The second-last
column provides the corresponding statistics on market equity values (ME) of the sample firms (in million
euros). The right-most column shows the number of the sample firms in each 1-year sub-period, whereas the
left-most column indicates the time points (as end of April each year) for which the statistics are calculated
(see Appendices 1 and 2 for calculation principles for each characteristic). ACCR refers to accruals-to-
assets, whereas MLEV refers to market leverage
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while positive in some other cases. Somewhat surprisingly, the correlation between E/Ps

and S/Ps is highly negative, whereas between E/P and ACCR, it is positive, in contrast with

the correlations between ACCR and the value indicators other than E/P22 (The expected

cross-sectional relation between ACCR and the other included variables is reverse to that

for the other pairs of variables because according to the accruals anomaly, low-ACCR

stocks should outperform high-ACCR stocks, whereas for the other variables, the stocks at

the high end of variable distributions should outperform the corresponding low-end stocks,

given that the variables have anomalous return relations).

With respect to the cross-sectional correlations of the other portfolio-formation vari-

ables with the F-score, the most significant of these is documented between CFO/P and

F-score, whereas the most insignificant is reported for B/P and F-score. The latter finding

suggests that the added-value of boosting value portfolio performance with the F-score

may be the highest when a value portfolio is formed on B/P (This is actually the case, as

shown by our results). Generally, due to the high number of firm-year observations the

correlations are highly significant in most cases in spite of low absolute values of the

related coefficients.23

Based on monthly return time-series over the 15-year holding period, Table 3 presents

the pairwise return correlations for the value decile portfolios formed on the single

selection criteria. The correlation triangle below the diagonal of the correlation matrix

shows the pairwise Pearson correlations between the decile portfolios formed on high-B/P,

-CFO/P, -E/P, -S/P, and -MLEV stocks, and low-accrual stocks. As expected, all the

correlation coefficients are highly significant, ranging from 0.655 between the top-decile

E/P portfolio and the bottom-decile accruals portfolio to 0.879 between the top-decile

portfolios formed on B/P and market leverage. On average, the top-decile E/P correlates

the least with the other five decile portfolios being compared, whereas the top-decile CFO/

P portfolio correlates the most with the other five. However, the correlation differences

22 To find out whether the positive correlation between E/Ps and ACCRs is caused by negative E/P stocks,
we divided the firm-year observations into two groups based on the signs of E/Ps and calculated the
corresponding correlations separately for each group. The resulting coefficients remained significantly
positive for both groups, thereby indicating that this somewhat unexpectable cross-sectional relation
between E/P and ACCR is not driven by negative E/P stocks.
23 With 5711 degrees of freedom, the ranges for the insignificant correlation coefficients are very narrow:
At the 10% (1%) significance level, the range is from - 0.022 (- 0.034) to 0.022 (0.034), approximately.

Table 2 The cross-sectional Pearson correlation coefficients for the portfolio-formation variables

B/P CFO/P E/P S/P ACCR MLEV

CFO/P 0.288*

E/P 0.258* 0.231*

S/P 0.007 0.051* - 0.306*

ACCR - 0.002 - 0.041* 0.140* - 0.020

MLEV - 0.025** 0.088* - 0.501* 0.713* - 0.020

F-score - 0.004 0.237* 0.215* - 0.042* 0.020 - 0.085*

Based on the pooled annual cross-sections of firm-year variables employed in portfolio formation,
table shows the pairwise variable correlations over the 15-year sample period from April 2000 to April 2014.
The significance of the correlations is shown by asterisks. * (**) indicates a significant correlation at the 1%
(10%) level. ACCR refers to accruals-to-assets, whereas MLEV refers to market leverage
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between the decile portfolios are very small, as the average correlations calculated for each

of the decile portfolios range from 0.718 to 0.802. Based on the pairwise correlations, the

return-generation pattern of the low-accrual decile portfolio is very similar to the patterns

of the top-decile value portfolios. In this respect, our results from the German stock market

are in line with the U.S. results of Beaver (2002), Desai et al. (2004) and Simlai (2016),

who all conclude that the low-accrual firms are mostly value firms in disguise.

The correlation triangle above the diagonal shows the correlations between the corre-

sponding F-score-boosted quantile portfolios. These correlations are very similar to those

reported for the decile portfolios formed on single selection criteria, although marginally

higher on average. By contrast, the correlations between the F-score-boosted quantile

portfolios and the comparable plain value portfolios that consist of the same number of

stock series as included in the corresponding F-score-boosted quantile portfolios (reported

on the diagonal of Table 3) are weaker (averaging 0.559) and vary more, ranging from

0.416 (in the case of market leverage) to 0.755 (in the case of E/P). Although these

correlation coefficients are highly significant even at their weakest, they show the potential

of the F-score inclusion for changing the content of the portfolios more than could be done

by combining some of the single selection criteria into a composite value indicator.

2.3 Test procedures for performance comparisons

The performance of quantile portfolios is evaluated based on four performance metrics: the

raw return, the standard Sharpe ratio (Sharpe 1966), the skewness- and kurtosis-adjusted

Sharpe ratio (henceforth SKASR), developed by Pätäri (2011), and the 4-factor alpha

(Carhart 1997). We prefer the SKASR to the standard Sharpe ratio in our analysis because

the return distributions of the quantile portfolios being examined are not consistent with the

normality assumption related to the use of standard deviation as a risk proxy, as in the

Table 3 The Pearson correlation coefficients for the value decile portfolios formed on the single selection
criteria

B/P CFO/P E/P S/P ACCR MLEV

B/P 0.437 0.840 0.745 0.840 0.791 0.779

CFO/P 0.817 0.677 0.809 0.828 0.834 0.797

E/P 0.708 0.774 0.755 0.767 0.712 0.758

S/P 0.754 0.813 0.717 0.549 0.786 0.905

ACCR 0.825 0.790 0.655 0.714 0.522 0.700

MLEV 0.879 0.814 0.737 0.796 0.734 0.416

Based on monthly return time-series over the 15-year holding period from May 2000 to April 2015, the
table presents the pairwise return correlations for the value decile portfolios formed on the single selection
criteria. The correlation triangle below the diagonal of the correlation matrix shows the pairwise Pearson
correlations between the decile portfolios formed on high-B/P, -CFO/P, -E/P, -S/P, and -MLEV stocks, and
low-accrual stocks, whereas the triangle above the diagonal shows the correlations (denoted in italics)
between the corresponding F-score-boosted quantile portfolios. The diagonal indicates the correlations (in
bold) between the F-score-boosted quantile portfolios and the comparable plain value portfolios that consists
of the same number of stock series as included in the corresponding F-score-boosted quantile portfolios.
ACCR refers to accruals-to-assets, whereas MLEV refers to market leverage
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original Sharpe ratio.24 The inclusion of higher moments of return distributions in the

performance evaluation of equity portfolios is also motivated by several recent studies

(e.g., Zakamouline and Koekebakker 2009; Alles and Murray 2010; Homm and Pigorsch

2012; Lee and Su 2012; Feunou et al. 2013; Theodossiou and Savva 2016). In addition, the

comparison between results based on the standard Sharpe ratio and those based on the

SKASR show that, in some cases, the shapes of the return distributions of the quantile

portfolios being examined deviate from normality to the extent that their performance rank

orders change when allowing for the skewness and kurtosis dimensions in performance

evaluation. To avoid validity problems stemming from the negative excess returns in the

context of the SKASR comparisons, we use a similar refinement in the denominator of the

ratio as suggested by Israelsen (2005) for the negative Sharpe ratios:

SKASR ¼ ri � rf

SKAD
ER= ERj jð Þ
i

ð1Þ

where ri is the average monthly return of portfolio i, rf is the average monthly risk-free rate

of return, SKADi is the skewness- and kurtosis-adjusted standard deviation of the monthly

excess returns of portfolio i and ER is the average excess return of portfolio i.

SKAD captures the third and fourth moments of the return distributions being analyzed.

Based on fourth-order Cornish–Fisher (1937) expansion, the adjusted Z-value (i.e., ZCF)

that corresponds to the Z-value of normal distribution is first calculated as follows:

ZCF ¼ ZC þ 1

6
Z2
C � 1

� �
Sþ 1

24
Z3
C � 3ZC

� �
K � 1

36
2Z3

C � 5ZC
� �

S2 ð2Þ

where Zc is the critical value of the probability based on standard normal distribution, and

S refers to Fisher’s skewness and K to excess kurtosis of the return distribution. Next, we

calculate SKAD by multiplying the standard deviation by the ratio ZCF/Zc. Consistent with

Favre and Galéano (2002) and Pätäri and Tolvanen (2009), we set Zc to - 1.96 to cor-

respond to a 95% probability level when determining this ratio.

To evaluate whether the potential abnormal returns are explained by four commonly

used explanatory factors, we also calculate 4-factor alphas for each quantile portfolio based

on the following regression equation:

rit � rft ¼ ai þ biðrmt � rftÞ þ siSMBt þ hiHMLt þ miWMLt þ eit ð3Þ

where rit is the return of a portfolio, rft is the risk-free rate of return, ai is the 4-factor alpha
(the abnormal return over and above what might be expected based on the 4-factor model

employed), rmt is the stock market return, SMBt is the return of the size factor (i.e., the

return difference between small- and large-cap portfolios), HMLt is the return of the B/P

factor (i.e., the return difference between high and low B/P portfolios), WMLt is the return

of the momentum factor (i.e., the return difference between winner and loser stock port-

folios), bi, si, hi and mi are factor sensitivities to the stock market, SMB, HML and WML

factors, respectively, and ei is the residual term.

Because of the weighting system employed, we use equal-weighted returns calculated

from the comprehensive sample of German stocks provided by Stehle et al. (2015) as a

24 Although we use the SKASR as our primary measure of total risk-adjusted performance, we report the
standard Sharpe ratios in tables and also discuss the discrepancies between these two performance metrics if
they produce inconsistent rankings for the portfolios being compared (The reader should note that if the
return distributions being compared were strictly normal, both types of Sharpe ratios, as well as the
corresponding risk metrics, would be exactly equal in such cases).
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proxy for the market return. The other factors are also calculated on the basis of equal-

weighted returns,25 otherwise following the methodology employed by Fama and French

(1993) for the construction of the SMB and HML factors and that of Fama and French

(2012) for the construction the WML factor.

The statistical significance of the differences between comparable pairs of total-risk-

adjusted returns is given by the p values of the Ledoit–Wolf test,26 which is based on the

circular block bootstrap method. We also test the significance of 4-factor alphas based on

their t-statistics. In addition, we test the statistical significance of the differences between

the quantile portfolio alphas using the appropriate alpha spread test (Pätäri et al. 2010).

Throughout the study, we use Newey–West (1987) standard errors in the statistical tests to

avoid problems related to autocorrelation and heteroscedasticity.

3 Results

3.1 The results for the decile portfolios

Table 4 shows the results for the top-decile portfolios. Of the six single selection criteria

examined, the best one is CFO/P, which generates both the highest return (17.94% p.a.)

and the highest SKASR (0.861) as well as the highest 4-factor alpha (4.58% p.a.). Based on

the total-risk adjusted statistics, CFO/P significantly outperforms the stock market portfolio

(at the 0.01% level), whereas based on the 4-factor alpha, its outperformance is only mildly

significant (at the 10% level).27 The worst single selection criterion in terms of both raw

and total-risk adjusted returns is the accruals-to-assets, which generates the lowest return

(5.59% p.a.) with the highest risk. However, based on the 4-factor alphas, the worst within

the same peer group is S/P, for which the alpha is negative, although insignificantly

(- 3.14% p.a.).

Although S/P does not work well as a stand-alone criterion for the purpose of value

portfolio selection in the German stock market, it is effective when combined with earn-

ings multiples. Among all 12 top-decile portfolios, the best two are the combinations of S/P

and E/P and of S/P and CFO/P. The latter is the best in terms of both raw returns (19.67%

25 After careful consideration of various factor sets, we find that this type of factor produces the highest
adjusted R-squareds as well as the lowest alphas for the portfolios being examined (see Brückner et al. 2015
for an analytic comparison of alternative German factor sets). The comprehensive data set provided by
Stehle et al. (2015) covers all three segments of the FSE and is consistent with the German stock universe
available from Datastream. Of the two alternative quantile return time-series for each quantile-division
criterion calculated with and without the corporate tax credit, we chose the latter since the incremental return
stemming from the stock owners’ compensation of the corporate tax that the firm has paid for dividend
payouts is not taken into account in total return calculations of equities in Datastream. In addition, such an
imputation credit was available only for the German shareholders for dividends paid by the German
companies until the system was discontinued in October 2000 (e.g., see Stehle and Schmidt 2015 for
details). The quantile time-series employed in the calculation of factor returns are downloadable at: https://
www.wiwi.hu-berlin.de/de/professuren/bwl/bb/data/fama-french-factors-germany/fama-french-factors-for-
germany.
26 The Ledoit–Wolf test also takes account of skewness and kurtosis of return distributions being compared,
as does also the SKASR. Because of the complexity of the test procedure as well as space limitations, we do
not describe the Ledoit–Wolf test in more detail here, but we recommend the original article to the interested
reader (Ledoit and Wolf 2008). The corresponding programming code is freely available at http://www.
econ.uzh.ch/en/people/faculty/wolf/publications.html#9.
27 For all the 12 decile portfolios, the significance of the outperformance over the market portfolio is higher
based on the SKASR difference than based on the 4-factor alphas.
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p.a.) and SKASR, whereas the former generates the highest and most significant alpha

(8.52% p.a. that is significant at the 0.2% level). In contrast, the combination of S/P and

B/P does not perform as well, since its 4-factor alpha is slightly though insignificantly

negative (- 0.19% p.a., being the only negative alpha among the six combination criteria

examined). Its raw return (12.35% p.a.) is also much lower than that of the combination of

S/P and E/P and that of S/P and CFO/P. It is also slightly riskier than the latter two

combinations in terms of both total and systematic risk. Altogether, the comparison of all

12 decile portfolios shows that the best combinations can add value to the investor,

although none of them significantly outperform CFO/P, which is the best of the six single

criteria in terms of both raw and risk-adjusted returns.

Based on adjusted R-squareds, the 4-factor model explains reasonably well the excess

returns of the top-decile portfolios. The lowest adjusted R-squared (58.35%) is found for

the portfolio formed on S/P, whereas the highest (72.97%) is generated by the portfolio

formed on accruals-to-assets. The highest market exposure (market beta of 1.274) is

reported for the combination portfolio of B/P and accruals-to-assets, and the lowest

exposure (0.825) is documented for the combination of S/P and E/P. The size factor (SMB)

is significant in only 3 out of 12 cases (i.e., for B/P, accruals-to-assets, and their combi-

nation), being positive in all these 3 significant cases. It is the most significant for the top-

decile accruals-to-assets portfolio, implying that this particular portfolio has the strongest

tilt towards small-cap stocks.28 Given that the size premium (SMB) is negative during the

sample period,29 the small-cap bias largely explains the poor performance of the bottom-

decile accruals-to-assets portfolio even though the return variability of the same portfolio is

also significantly affected by the HML factor. The most significant exposure to the latter

factor is expectedly documented for B/P, which is used as the basis for calculating HML.

By contrast, the most significant exposure to the momentum (WML) factor is docu-

mented for the top-decile CFO/P portfolio, with a t-statistic as high as 5.64. Somewhat

surprisingly, the momentum is a significant explanatory factor for 9 out of 12 top-decile

portfolios,30 although it is not included in the portfolio-formation criteria. This finding

underlines the importance of the inclusion of WML in the factor-based performance

evaluation in cases of value portfolios as well.

3.2 The results for the F-score-boosted portfolios and the comparable
quantile portfolios

Table 5 shows that the combination of S/P and CFO/P also performs well in cases where

the number of stocks in value portfolios is determined by the number of stocks with the two

highest F-scores (i.e., scores of 8 and 9) in each value tertile. Due to a positively skewed

and exceptionally leptokurtic return distribution, this combination generates the highest

SKASR among all the examined portfolios, including the one formed on the basis of plain

F-score criteria as well as those in which F-score is used as a supplementary criterion (see

Table 6). This finding also highlights the importance of allowing for higher moments in

total risk-adjusted performance measurement, as the combination S/P and CFO/P generates

28 This finding is consistent with the Australian evidence of Clinch et al. (2012) and Taylor and Wong
(2012) as well as with the U.S. evidence of Lev and Nissim (2006), who all find that the extreme accrual
firms are mostly small-caps.
29 The reverse size effect in the German stock market has also been documented in earlier periods (e.g., see
Stehle 1997; Brückner et al. 2012).
30 The three exceptions are the same for which the SMB factor is significant.
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lower standard Sharpe ratio than any of the 12 F-score-boosted portfolios included in

Table 6. Among the latter group of portfolios, the F-score-boosted combination of B/P and

accruals-to-assets generates SKASR that is almost as high as for the previously mentioned

combination, and in addition, a raw return of 23.11% p.a. These results highlight the

incremental value of F-score: although the plain B/P criterion and the accruals-to-assets

criterion as well as their combination all perform relatively poorly as stand-alone criteria,31

their performance is dramatically enhanced by adding F-score as a supplementary crite-

rion. The most dramatic improvement is in the accruals-to-assets portfolio: among the 37

portfolios examined, it is the only portfolio for which the average return over the 15-year

sample period is lower than the risk-free return (see Table 5). Without F-score, its return is

the lowest and its SKAD the highest, whereas coupling it with F-Score increases the

average annual return by 19.43 percentage points while simultaneously reducing the total

risk dramatically (from 28.23 to 18.14% in terms of SKAD). The same tendency is also

seen in the case of the B/P criterion, for which the average annual return increases from

8.87 to 23.92% when combined with F-Score. This shows that, at least in the German stock

market and for the sample period employed, the added-value of using F-score within the

high B/P quantile is not explained by the lower number of constituent stocks in the double-

criteria portfolio than in the comparable B/P portfolio. Given the strong F-score boost

documented for both B/P and accruals portfolios, it is not surprising that the combination

portfolio formed on these two criteria also benefits greatly from the addition of F-score as a

supplementary criterion.

Altogether, the efficacy of almost all 12 portfolio-formation criteria can be improved

with the addition of F-score. The incremental return from its inclusion is positive in all

cases, ranging from 0.67% p.a. for the combination of S/P and CFO/P to 19.43% p.a. for

the accruals-to-assets criterion. The positive boost of F-score also holds in terms of

SKASR for all criteria except for the combination of S/P and CFO/P. As Table 5

demonstrates, F-score also performs relatively well as a stand-alone criterion, as only 2 out

of the 12 quantile portfolios formed without the F-score criterion can beat it in terms of

raw returns, SKASRs, and the t-statistics of the 4-factor alpha. The highest overall return

(23.98% p.a.) among all 37 examined portfolios is generated by the F-score-boosted

combination of B/P and S/P. However, it should be noted that the F-score-boosted port-

folios are not equal in respect to their breadth dimension, as the number of high F-score

stocks at each portfolio-formation point varies within the tertiles from which such stocks

are picked. Over the 15-year sample period, the average number of stock series in these

portfolios varies from 16 (for the S/P and market leverage portfolios) to 29 (for the

combination of B/P and E/P), with an average of 22.

In most cases, the positive added-value of using F-score as a supplementary selection

criteria also holds for 4-factor alphas, except for the combinations of S/P and E/P, and S/P

and CFO/P. Based on this performance metric, the biggest improvement is documented for

the combination of B/P and S/P, which without F-score generates a negative alpha of

- 3.43% p.a., but coupled with F-score achieves a highly significant positive alpha of

8.68% p.a. (the corresponding alpha spread is also significant at the 5% level). The highest

overall 4-factor alpha (9.27% p.a.) is generated by the F-score-boosted CFO/P portfolio

(see Table 6). Somewhat surprisingly, this portfolio is followed by the F-score-boosted S/P

and B/P portfolios (for which the alphas are 9.11 and 9.00% p.a., respectively). In contrast,

31 In this sense, our results for German stocks contradict the U.S. evidence of Bartov and Kim (2004) and
Simlai (2016), according to whom the combination of high B/P and low-accrual boosted the annual return in
comparison with the returns from the corresponding single selection criteria.
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the corresponding alphas for the comparable S/P- and B/P-based stand-alone portfolios are

- 1.56 and 2.46% p.a., which are parallel to the corresponding decile alphas (and all

insignificant). The enhancement of alphas due to the inclusion of F-score is also evident in

the cases of E/P and CFO/P (for which the ‘‘incremental’’ alphas are 4.48 and 6.71% p.a.,

respectively). These findings highlight the added-value of coupling F-score with the tra-

ditional valuation ratios in the German stock market. However, the same does not hold for

the combinations of S/P and CFO/P or S/P and E/P, which generate the two highest

SKASRs without F-scores. For them, the incremental alphas are slightly negative, indi-

cating that the inclusion of F-score cannot add value, in terms of alpha percentages, in

these two cases.32 In contrast, for the combination of B/P and accruals-to-assets, the

coupling with F-score is highly beneficial, increasing the 4-factor alpha from - 2.04 to

8.16% p.a. and removing the highly significant small-cap exposure. The significance of the

small-cap tilts also disappears when the portfolios formed on either B/P or accruals-to-

assets are boosted by F-score.

The range of the adjusted R-squareds is wider for quantile portfolios whose size is

determined by the number of high F-score stocks in each value tertile than for the decile

portfolios. Given higher variability in the average number of stocks in the former type of

portfolios, this finding is not surprising. Within the former peer group, the lowest adjusted

R-squared (34.31%) is reported for the market leverage portfolio, whereas the highest

(66.11%) is documented for the F-score-boosted combination of S/P and E/P. The average

adjusted R-squareds are also lower in this case (i.e., 51.12% compared to 66.35% in the

case of decile portfolios). However, the total risks of F-score-boosted portfolios, on

average, are slightly lower than those of decile portfolios, which are, in turn, slightly less

risky (in terms of total risk) than the quantile portfolios formed without F-score. Also

within the latter peer group, the lowest exposure to the market factor (0.802) is documented

for the combination of S/P and E/P, whereas the highest (1.268) is generated by the market

leverage criterion. The wide range of the market slopes indicates that the differences in

market exposures are outstanding even between the plain value portfolios. Based on the t-

statistics of the regression slopes, the B/P quantile portfolio has the strongest exposure to

the SMB factor. The size factor also significantly explains the return variability of the

corresponding portfolios formed on CFO/P, accruals-to-assets, market leverage, and the

combination of B/P and accruals-to-assets, whereas for the comparable F-score-boosted

portfolios (Table 6), SMB exposures are never significant (at the 5% level). In light of

these results, it seems that F-score can, if not totally remove, at least alleviate the small-cap

bias that is inherent to portfolios formed on certain single selection criteria (based on the

overall results for this particular sample data, the B/P and accruals-to-assets portfolios

seem to be the most prone to this kind of bias).

The HML factor is significant (at the 5% level) for 9 out of the 12 quantile portfolios

formed without F-score (Table 5), whereas for the comparable F-score-boosted portfolios,

the number of significant cases decreases to 7 (Table 6). In line with the decile results,

momentum is a significant factor for 9 out of the 12 quantile portfolios formed without F-

score. However, for the 12 F-score-boosted quantile portfolios, it is significant (at the 5%

level) in all cases, implying that the observed F-score boost is clearly related to the

momentum spread return. This inference is reinforced by the 4-factor regression results for

the plain F-score portfolio, in which the momentum factor is highly significant while both

32 However, the t-statistics of the alphas are higher for the corresponding F-score-boosted combinations
than for the comparable quantile portfolios in all 12 cases, including the combinations of S/P and CFO/P,
and S/P and E/P.
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the SMB and HML factors are insignificant [the adjusted R-squared is also high (i.e.,

72.53%)]. As additional evidence of the interrelationship between the high F-score and

momentum stocks, we calculate the correlation between the monthly returns of the plain

high F-score portfolio and an equally weighted momentum quantile portfolio of a similar

size, and find it to be extremely significant (the Pearson correlation coefficient is 0.728,

with a t-statistic as high as 14.18).33 To the best of our knowledge, such strong evidence of

the connection of the F-score and price momentum has not been documented in previous

literature.34

3.3 Anatomy of outperformance of value portfolios

The overall results show that the value investor can benefit from combining valuation

ratios35 as well as from using financial statement information beyond valuation ratios in the

German stock market. Based on the decile results, the two best value strategies in terms of

both SKASR and 4-factor alphas are the combinations of S/P and CFO/P and of S/P and

E/P.36 The former generates the highest raw return (19.67% p.a.) as well as the highest

SKASR (0.981), whereas the latter generates the highest alpha (8.52% p.a.). Unlike the

former, the latter has negative SMB exposure, which makes it more easily imple-

mentable due to the better liquidity of larger-cap stocks. While both S/P and CFO/P decile

portfolios are somewhat inclined to small-caps, the corresponding E/P portfolio is not, and

consequently, the combination of S/P and E/P is actually slightly more tilted towards large-

cap stocks than the combination of S/P and CFO/P is tilted towards small-caps. The same

phenomenon is also observable in the comparison of the corresponding quantile portfolios,

the sizes of which are determined on the basis of the number of high F-score stocks in the

33 The return for the equally weighted (EW) momentum quantile portfolio was approximated on the basis of
the corresponding momentum decile returns provided by Stehle et al. (2015) as follows: If the proportion of
the high F-score stocks in the full sample at the portfolio-reformation point was 22%, for example, the
corresponding momentum return was determined by weighting the average returns of the three highest EW
momentum decile returns so that the top-2 decile returns were given the weight 10/22, whereas the weight
for the third highest decile return was 2/22. The same approximation technique, which assumes the returns
within each decile to be even, was followed if the proportion was between 10 and 20% (In that case, only the
top-2 EW momentum decile returns are relevant). If the proportion of the high F-score stocks was below
10%, the top decile return was used per se. On average, the high F-score portfolio included 13.54% of the
investable stocks, ranging from 7.71% in 2001 to 24.06% in 2004.
34 Although in his seminal work Piotroski (2000) discusses the possibility of the correlation of F-score and
momentum, he does not test such a correlation directly. Instead, he runs a 6-factor cross-sectional regression,
in which momentum and F-score are used as two explanatory factors. Based on the regression results, he
concludes that the prediction power of F-score on future returns is robust to the momentum effect. However,
the results of Piotroski (2000) are not comparable to ours in this respect, as his robustness test is performed
for the sample of high B/P stocks, whereas the high F-score stocks in our plain F-score portfolio are picked
from the whole universe of investable stocks at each portfolio-formation point. Moreover, Piotroski’s
momentum indicator is different from ours (while he uses prior 6-month market-adjusted buy-and-hold
return without any lag, we use 12-month returns by skipping the return for the most recent month, as is the
convention in the current momentum literature (see, e.g., Fama and French 2008, 2012; Novy-Marx 2012;
Asness et al. 2013; Israel and Moskowitz 2013; Cakici et al 2014; Barroso and Santa-Clara 2015).
35 In this sense, our results deviate from those of Bird and Casavecchia (2007), who, for the pan-European
sample data of 7 major developed national markets including Germany over the 1989–2004 sample period,
find no improvement in performance from combining valuation ratios.
36 In this respect, our results are parallel to those of Dhatt et al. (2004), who also document excellent
performance for the combination of S/P and E/P for U.S. stocks over the 1980–1998 period. However, in
contrast to our results, S/P also worked well as a stand-alone criterion in the U.S. stock markets during Dhatt
et al.’s sample period.
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corresponding value tertile portfolios (However, the SMB slopes are less significant in this

case). In contrast, when F-score is added as a supplementary criterion, the small-cap

exposure of the combination of S/P and CFO/P disappears, turning into a nearly significant

large-cap exposure, implying that F-score changes the content of that particular combi-

nation quite dramatically. The same tendency of F-score inclusion to reduce the small-cap

exposure also holds for many other strategies; without F-score, the SMB factor is sig-

nificant and positive for 5 out of the 12 quantile portfolios, whereas it is insignificant for all

the F-score-boosted portfolios. Coupled with the fact that the returns of F-score-boosted

portfolios are always higher than those of the corresponding quantile portfolios formed

without F-scores, this finding provides strong evidence for the added-value of the use of F-

score. Moreover, based on the average adjusted R-squareds, the F-score-boosted portfolios

appear to be somewhat better diversified than the comparable quantile portfolios formed

without F-scores (53.78 vs. 48.46%, respectively).

However, there are some potential pitfalls in F-score-boosted portfolios: for example,

the number of firms with high F-scores varies outstandingly over time. Generally, the

worse the state of the economy, the lower the proportion of high F-score stocks, and

therefore the less diversified the F-score-boosted portfolios. We examine the impact of this

characteristic of F-score-boosted portfolios on their performance by dividing the sample

period into bull and bear market periods according to the turning points of the German

stock market. We follow Edwards et al. (2003) in using a 20% cumulative return (loss)

from the previous trough (peak) to the subsequent peak (trough) in the demarcation of

bullish (bearish) periods (see Table 7 for details). Based on the DAX100 index, we identify

4 separate bullish and 4 bearish periods within the 15-year sample period. Panel A in

Table 7 shows that the lower diversification of F-score-boosted portfolios during the

bearish periods is advantageous rather than disadvantageous, as the average monthly losses

in such conditions are much smaller for F-score-boosted portfolios than for the comparable

quantile portfolios formed without F-score. While the average monthly loss for the 12

latter type of portfolios (as well as for the 12 value decile portfolios) is - 2.37% during the

bearish periods, it is only - 1.11% for the F-score-boosted portfolios during the same

periods. Moreover, the range of losses is far narrower for F-Score-boosted portfolios (from

- 0.85 to - 1.44% p.m.) than it is for the comparable quantile portfolios and the decile

portfolios (i.e., from - 1.21 to - 4.57% p.m. for the former, and from - 1.41 to - 4.27%

p.m. for the latter). The finding is intuitive in the sense that during hard times, investors

may favour firms that are financially strong because such firms are less risky due to their

stronger financial buffers.37

The success of the F-score-boosted portfolios is explained not only by their superior

performance during bearish periods but also because they generate higher returns during

bullish conditions, on average (see Panel B in Table 6). The average monthly return for the

12 F-score-boosted portfolios during the bullish periods is 2.88%, whereas it is 2.47% for

the comparable quantile portfolios and 2.56% for the decile portfolios. Consistent with the

corresponding results in bearish conditions, the range of returns in bullish conditions is

much narrower for F-score-boosted portfolios (from 2.72 to 3.03% p.m.) than it is for the

37 In addition, we also split the full-length sample period into bullish months and bearish months on the
basis of the signs of stock market average returns in each month, similar to Fuller and Goldstein (2011) [This
demarcation criterion identified 105 (75) months with positive (negative) returns]. The results of this
analysis are in line with the bullish- and bearish-period results and show even clearer evidence of the
downside protection provided by the F-score-boosted portfolios (see Panel C in Table 6).
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comparable quantile portfolios (i.e., from 1.89 to 3.26% p.m.) and decile portfolios (from

2.15 to 2.99% p.m.).

In the full-sample-period comparison with the corresponding decile portfolios, the F-

score-boosted quantile portfolios generate higher returns as well as higher SKASRs in all

12 comparable cases. The 4-factor alphas are also higher for F-score portfolios in 11 out of

12 cases (The only exception is the combination of S/P and E/P, for which the decile

portfolio approach generates a 4-alpha of 8.52 versus 7.66% p.a. obtained using the cor-

responding F-score-boosted approach. However, the t-statistic of the latter alpha is higher

than that of the former). In most cases, the superiority of F-score-boosted portfolios over

the comparable quantile portfolios also holds, with the exceptions of the combination of

S/P and E/P, and that of S/P and CFO/P, for which the 4-factor alphas of the quantile

portfolios formed without F-score are slightly higher, but nevertheless less significant than

those reported for their F-score-boosted counterpart portfolios. For the latter combination,

the SKASR is also higher without F-score than with it.

One advantage of using F-score as a supplementary criterion in value portfolio selection

is that it seems to work well coupled with all the 12 portfolio-formation criteria examined.

The cross-sectional distribution of average annual returns of F-score-boosted portfolios is

surprisingly discrete, ranging from 19.00 to 23.98% and averaging 21.92%. By contrast,

the corresponding range for the comparable quantile portfolios is from 1.48 to 22.04% p.a.

(12.70% p.a., on average), whereas for the decile portfolios, it is from 5.59 to 19.67% p.a.

(averaging 13.52% p.a.). In light of these results, and at least for this particular sample

data, the applicability of F-score seems to extend far beyond what was originally suggested

by Piotroski (2000).

Following Piotroski (2000), Bird and Whitaker (2003), and Bird and Casavecchia

(2007), we also calculate the hit rates that indicate the proportion of stocks whose returns

have been higher than that of the sample average for each quantile portfolio. Table 8 shows

that these results are in line with those of Piotroski (2000); for all 12 portfolio-formation

criteria, the addition of F-score enhances the hit rates. The average hit rate for F-score-

boosted portfolios is well above 50% (i.e., 56.51%), ranging from 53.77% for E/P to

59.97% for S/P, whereas for the corresponding quantile portfolios formed without F-score,

the average hit rate is 47.08%, ranging from 36.30% for accruals-to-assets to 53.58% for

the combination of S/P and E/P. The hit rate comparisons reinforce the relative added-

value differences (stemming from the inclusion of F-score) observed on the basis of three

performance metrics. The corresponding proportion of stocks with above-average returns

for the decile portfolios is 47.45%, on average, ranging from 38.97% for accruals-to-assets

to 53.08% for the combination of S/P and E/P. Compared to the hit rates reported in

previous studies, our rates are generally somewhat higher than those documented by

Piotroski (2000) for U.S. markets and those of Bird and Casavecchia (2007) for pooled

European sample data, but they are relatively close to those documented for investment

strategies combining value and momentum indicators (see Bird and Casavecchia 2007 for

the pan-European evidence and Leivo and Pätäri 2011 for the Finnish evidence).

The other potential pitfall with the use of F-score as a supplementary criterion is that it

requires a large universe of stocks, within which there must be enough stocks that

simultaneously have both a low relative value and high F-score. Although the German

stock market is among the ten largest national stock market in the world in terms of total

capitalization (at the time of writing this, i.e., on the first of July, 2017), the 15-year sample

period includes years during which the number of such firms has been questionably low,

particularly if an investor would have had restrictions to invest in small-cap firms. In such a

case, an investor might have faced difficulties ensuring a sufficient degree of portfolio
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diversification throughout the sample period if Germany had been the only equity market

in which he or she was operating. Although this problem is partially alleviated by lowering

the threshold used in determining the high F-score stocks, the possibility of an occasional

shortage of investable F-score stocks cannot be ruled out completely, even in a stock

market as large as Germany’s.38

Like most academic peer-group studies, we have not included transaction costs in our

analysis because their level is both investor- and trade-specific (see, e.g., Keim and

Madhavan 1997; Lewellen 2010). Although their omission causes a small upward bias in

the performance metrics of quantile portfolios, recent evidence shows that such a bias is

smaller for low-turnover strategies such as those examined in this study (see, e.g., Frazzini

et al. 2015; Novy-Marx and Velikov 2016). In addition, many of the stocks in a certain

quantile remain in the same quantile after the reformation of portfolios, and in such cases

only rebalancing trades rather than the sale or purchase of total stockholdings are needed.

On the other hand, the turnover rates would likely be somewhat higher for F-score-boosted

portfolios than for plain value portfolios. However, this increasing impact on transaction

costs might be at least partially compensated by the documented tendency of the F-score

inclusion to shift the market-cap exposure of the portfolios towards larger-cap stocks, as

the total relative transaction costs are higher for smaller-cap stocks due to a stronger price

impact from implementing trades (e.g., see Chiyachantana et al. 2004). Therefore, the

inclusion of transaction costs would only have a marginal impact on comparisons of the

relative performance of quantile portfolios, although it would slightly reduce the net profits

gained by investors following the examined value strategies.

4 Conclusions

The results show that value anomalies exist in the German stock market during the

2000–2015 period. However, the individual valuation ratios are not the best way to profit

from these anomalies, as investors would have benefitted remarkably from combining

valuation ratios or using financial statement variables as a basis for a supplementary

criterion. According to the results, Piotroski’s F-score is particularly useful for the latter

purpose. Comparing equal-sized quantile portfolios formed with and without F-score, the

performance of the former is better in every pairwise comparison of the 12 comparable

cases in terms of both raw returns and the standard Sharpe ratios. The same also holds in

terms of the SKASRs, except for the combination portfolio formed on S/P and CFO/P, for

which the SKASR is outstandingly higher than the Sharpe ratio, due to its positively

skewed and exceptionally leptokurtic return distribution. In terms of the 4-factor alphas,

there are two similar exceptions: the combinations of S/P and CFO/P, and S/P and E/P,

which generate both the highest SKASRs and the highest 4-factor alphas among the

quantile portfolios formed without F-scores.

Compared to the performance of the value portfolios formed without F-scores, the

performance of the F-score-boosted quantile portfolios is more even in terms of all three

employed performance metrics, implying that adding F-score enhances the efficacy of such

portfolio-formation criteria, for which the relative performance is poor without F-score. In

this respect, our results suggest that the applicability of F-score is much wider than

38 E.g., for the sample of Australian stocks, Hyde (2016) lowers the threshold from 8 to 7 to maintain a
sufficient number of investable stocks.
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originally suggested by Piotroski (2000), who used it for selecting the financially strong

firms among the high B/P ones.

The results further show that coupling measures of relative value with F-score provides

a cushion against declining stock prices, as the average losses during bearish periods are

remarkably smaller for F-score-boosted portfolios than for the comparable quantile port-

folios or the corresponding decile portfolios formed without F-scores. Hence, the added-

value of F-score inclusion is higher during bearish periods.

The use of F-score as a supplementary criterion also increases the proportion of stocks

that earn higher returns than the stock market average during the subsequent holding

period. For this particular sample data, the inclusion of F-score besides a relative value

measure also tends to increase the average market cap of portfolio firms. A closer

examination of the time-series returns of the portfolio formed solely on the basis of high F-

scores without any relative value criterion reveals that the return correlation between high

F-score stocks and momentum stocks is very high. To the best of our knowledge, this is the

first time when such a strong relationship between high F-scores and price momentum

indicators has been documented in the financial literature. This finding also provides an

interesting topic for further research, as both financial strength and momentum indicators

have been documented to work well as another supplementary combination criterion

beside a relative value criterion. However, as high F-score stocks clearly behave differ-

ently to momentum stocks, for example, in bearish stock market conditions, it would be

interesting to test whether the combination criteria taking account of all these three style

dimensions would work even better for purposes of equity portfolio selection. In addition,

the methods employed in this paper could be applied to other stock markets to examine to

what extent our results based on the German sample data are generalizable.
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Appendix 1: The calculation principles for the portfolio-formation criteria

The principles followed in the calculation of the components for the portfolio-formation

criteria are as follows:

• Market Value of Equity (P): The stock price(s) multiplied by shares outstanding as end

of April of year t.

• Book Value of Equity (B) is Stockholders’ Equity plus Deferred Taxes minus German-

specific tax-deductible reserves as end of fiscal year t - 1.

• Earnings (E) is defined as Net Income before Extraordinary Items as end of fiscal year

t - 1.
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Operating Cash Flow (CFO): Following Dissanaike and Lim (2010) and Robin and Wu

(2015), CFO is Earnings plus Depreciation and Amortization minus Working Capital

Accruals as end of fiscal year t - 1.39

• Sales (S) are from the income statement of year as end of fiscal year t - 1.

• Accruals-to-assets (ACCR): Following Piotroski (2000) and Chen et al. (2017), ACCR

is [Net Income before Extraordinary Items (as end of fiscal year t- 1) minus Operating

Cash Flow (as end of fiscal year t - 1)]/Total Assets as end of fiscal year t - 2.

• Market leverage (MLEV) is Total Assets as end of fiscal year t - 1/Market Value of

Equity as end of April year t.

• Return on equity (ROE) is Earnings as end of fiscal year t - 1/Book Value of Equity as

end of fiscal year t - 2.

Appendix 2

See Table 9.

Table 9 F-score variable definitions

Name Definition Formula

F1 (Return on
Assets = ROA)

Earnings as end of fiscal year t - 1/Total Assets
as end of fiscal year t - 2

F1 = 1 if ROA[ 0,
otherwise F1 = 0

F2 (DROA) ROA as end of fiscal year t - 1 - ROA 1 year
prior

F2 = 1 if DROA[ 0,
otherwise F2 = 0

F3 (Operating Cash
Flow = CFO)

CFO as end of fiscal year t - 1 F3 = 1 if CFO[ 0,
otherwise F3 = 0

F4 (Accruals) Earnings as end of fiscal year t - 1 - Operating
Cash Flow as end of fiscal year t - 1

F4 = 1 if Accruals\ 0,
otherwise F4 = 0

F5 (DGross margin ratio) (Gross Margin/Sales) as end of fiscal year t - 1
- (Gross Margin/Sales) 1 year prior

F5 = 1 if DGross margin
ratio[ 0, otherwise
F5 = 0

F6 (DAsset turnover ratio) Sales as end of fiscal year t - 1/Total Assets as
end of fiscal year t - 2 - Sales as end of fiscal
year t - 2/Total Assets as end of fiscal year t -
3

F6 = 1 if DAsset
turnover ratio[ 0,
otherwise F6 = 0

F7 (DLeverage) (Total Long-term Debt/Total Assets) as end of
fiscal year t- 1- (Total Long-term Debt/Total
Assets) 1 year prior

F7 = 1 if
DLeverage\ 0,
otherwise F7 = 0

F8 (DLiquidity) (Current Assets/Current Liabilities) as end of
fiscal year t - 1 - (Current Assets/Current
Liabilities) 1 year prior

F8 = 1 if
DLiquidity[ 0,
otherwise F8 = 0

F9 (Equity
offerings = EQ_OFFER)

Net stock issues during the fiscal year t - 1 F9 = 1 if
EQ_OFFER B 0,
otherwise F9 = 0

39 Working capital accruals (WCA) are calculated following the definition of Dasgupta et al. (2011):
WCA = (DCurrent Assets (item ACT) - DCash (item CH)) - (DCurrent Liabilities (item LCT) - DShort-
term Debt (item DLC) - DTax Payable (item TXP)), where D represents the annual change.
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