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Abstract

We use Benford’s Law to provide evidence that German

firms round up both their net income and earnings per share.

Weuse the introductionof theeuro to showthat roundearn-

ings numbers are likely the result of earnings management.

The incentive to round up comes from stakeholders’ left-

digit bias when processing the information in financial state-

ments. Since round numbers are natural benchmarks, stake-

holders perceive the performance metrics directly below

such thresholds as abnormally lower. However, rounding up

is objectionable only if it involves large-scale earnings man-

agement, but not in cases of negligible ‘earnings cosmet-

ics’. Because the difference between the pre-managed and

reported earnings is unobservable, we investigate whether

the prevalence of rounding up coincides with specific lev-

els of several earnings characteristics and proxies for audit

quality. If the rounding up is cosmetic, then it should occur

independently of these characteristics. In contrast, if firms

use earningsmanagement on a larger scale, then itmight not

be possible to simultaneously round up and achieve other

objectives of earnings management. Our evidence is in line

with substantial earnings management.
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1 INTRODUCTION

Users of financial information tend to interpret a performancemeasure that is slightly below a critical value as abnor-

mally lower than a performancemeasure that just beats this target. Themost prominent benchmarks are analyst fore-

casts, prior year’s earnings, and zero earnings (Burgstahler & Dichev, 1997; Degeorge, Patel, & Zeckhauser, 1999).

However, less distinctive benchmarks, such as multiples of 10, also act as performance thresholds, because stake-

holders commonly use them as cognitive reference points (Rosch, 1975). This behavior is similar to the €1.99 pric-

ing phenomenon in retailing. If the realized performance falls below a given threshold, then managers might use their

accounting discretion to shift the reported number just at or even above the critical value. This special kind of bench-

mark beating is usually called rounding up.

Beginning with Carslaw (1988), a large body of literature has found empirical evidence that firms round up

their reported performance measures (e.g., Carslaw, 1988; Kinnunen & Koskela, 2003; Niskanen & Keloharju, 2000;

Thomas, 1989). There are also results on the conditions that amplify rounding up, including the latitude of the account-

ing system and firms’ exposure to the capital market (Kinnunen & Koskela, 2003; Niskanen & Keloharju, 2000). How-

ever, whether investors should be concerned about rounding up remains an open question. The lack of evidence

regarding the assessment of rounding up is surprising, because Thomas (1989, p. 787) had already called for research

on ‘whether rounding up is a harmless practice’.

If rounding up occurs only if the pre-managed performance measure is slightly below a threshold, then the

manipulation is most likely marginal and therefore not necessarily problematic from the addressees’ perspective.

Niskanen and Keloharju (2000) introduced the term earnings cosmetics for rounding up because of its presumed small-

scale nature. This kind of manipulation could even prevent irrational investment decisions: without rounding up, the

likelihood exists that investors will wrongfully discount a performance number that is directly below a threshold

because of the left-digit bias that results from cognitive constraints (Bizer& Schindler, 2005; Lacetera, Pope, & Sydnor,

2012; Thomas&Morwitz, 2005). However, firms could also report rounded performancemeasures in caseswhere the

difference between the pre-managed number and the next threshold is substantial. Rounding up on a large scale could

harm addressees, since the reported earnings number is misleading.

Benford’s Law has become an established tool for analyzing large data sets of accounting information to detect

whether rounding up is present in a sample. The approach goes back to the work of Newcomb (1881) and Benford

(1938) and describes the frequency distribution of the numerals of certain sets of numbers. For analyses of perfor-

mancemeasures, the second and third digits (from the left) are essential. Rounding up results in a higher than expected

frequency of the numeral zero as the second or third digit, while the numeral nine occurs less often than predicted. For

illustration, consider a pre-managed net income with a nine as the second digit, for example, €3,980,000. If a substan-
tial share of the firms in the sample report a net income of €4,000,000 to meet the next cognitive reference point,

fewer nines andmore zeros than expected will occur as the second digit.1

1 Becausemanagers’ incentives reverse if a firm reports a loss, we expect a lower occurrence of zeros and a higher occurrence of nines than predicted by the

Benford distribution for loss firms (Thomas, 1989).
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The appealing feature of Benford’s Law is its potential to detect a large set of accounting manipulations without

specifying management’s motivation or the accounting methods used to achieve a performance threshold (Skousen,

Guan, &Wetzel, 2004). One drawback is that the tests cannot directly attribute the rounded numbers to intentional

earnings management. We thus use the introduction of the euro as the reporting currency in Germany as an exoge-

nous shock to firms’ incentives to manage earnings. Since firms had incentives to round their performance measures

reported inDMark (in euros) before (after) the change in the reporting currency, a change in rounding behavior around

the euro’s introduction is evidence in line with the earnings management explanation.

According to Benford’s Law, we can expect around 12% of the firms in a sample to have a zero as the second digit

of their performance measure. This percentage is higher if firms intentionally round up. However, it is impossible to

differentiate firms that round up from the 12% of firms predicted to do so, because the pre-managed numbers are

unobservable. For the same reason, the magnitude of the manipulation is indeterminable. Thus, whether rounding up

is the result of earnings cosmetics or an indication of substantial earnings management remains unclear.

To investigate the extent of rounding up, we therefore analyze the cross-sectional variation in the rounding-up

behavior between subsamples of German firms that differ in their earnings and auditor characteristics. If the earn-

ings management is only cosmetic, rounding up should not be connected to the earnings and auditor characteristics,

since all the firms in the sample have some incentives for rounding up. If the extent of rounding up is small, there

should be no association with empirically observed earnings characteristics. The auditor’s characteristics should not

restrict management’s options to slightly round up either. In contrast, using larger amounts of earnings management

to round up the performance measures reported could interfere with other objectives related to earnings manage-

ment. In this case, firms have to decide between realizing the preferred level of a specific earnings characteristic and

reporting a rounded performance measure. For example, using a large amount of earnings management to round up

could be incompatible with moderate (or even negative) levels of discretionary accruals, having a high-quality auditor,

and achieving a smooth net income.

Our analysis indicates that the net income and earnings per share (EPS) of German firms reporting a profit reveal

the characteristics that are associated with rounding up. Revenue, operating income, and cash flow from operations,

in contrast, do not seem to be connected to rounding up. We show that the German firms in our sample round up

either net incomeor EPS, but not bothmetrics simultaneously. However, for firmswith a roundnet incomeand a round

numberof shares, a roundnet incomemechanically leads to a roundEPS. There aremore firmswith a roundnet income

than with a round EPS. For the firms that report round numbers for both net income and EPS, the proportion with

round EPS numbers is larger than the proportion with round net income numbers. Therefore, we restrict our main

analyses to net income.

Using the introduction of the euro as an exogenous shock, we present evidence that is in line with the argument

that round net income numbers are the result of earnings management. We show that firms rounded the net income

reported in euros only in the periods after 2001when reporting in euros becamemandatory. In contrast, if we convert

the net incomeoriginally reported in the 1990s inDMarks into euros, the data do not showevidence of rounding. Con-

versely, firms rounded thenet income reported inDMarks in the1990s, but not the net incomeconverted intoDMarks

after 2001. This structural break in the change in the reporting currency points to deliberate actions of management

as the reason for the deviation of the net income numbers from the Benford distribution.

Moreover, the results of our cross-sectional tests indicate that rounding up is concentrated in certain subsamples

with specific earnings and auditor characteristics. We find deviations from the Benford distribution in subsamples of

firmswith high levels of discretionary accruals, low levels of earnings smoothing, less persistent net income, less timely

loss recognition, nonzero extraordinary items, a non-Big 4 auditor, and an audit firm that is not an industry specialist.

Complementary subsamples do not show deviations from the Benford distribution. Because rounding up occurs at

specific levels of earnings characteristics, the argument that firmsuseonly cosmetic earningsmanipulations to achieve

the targeted reference point is not evident.
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For firms with negative net income, we find no link between earnings and auditor characteristics and rounding up.

This result could be attributable to the opposing incentives that result from ‘big bath’ accounting (i.e., loss firms try to

create cookie jar reserves for the future bymaximizing reported losses).

Our analyses contribute to the literature in severalways. First,weprovide evidence that one groupofGerman firms

rounds up net income, whereas a different group rounds up EPS. The German research has used Benford’s Law as an

analytical audit procedure (Quick & Wolz, 2003), but not to detect rounding up. Second, we use the introduction of

the euro to show that rounding up ismost likely the result of earningsmanagement. Third, our results suggest that the

term earnings cosmetics (Kinnunen & Koskela, 2003) that is associated with rounding up could be misleading. Thus, in

the case in which the numeral zero is the net income’s second digit, addressees should do additional analyses to avoid

erroneously investing in these firms. Avoiding the risk of being fooled by rounded income numbers could warrant the

additional costs of these analyses.

We proceed as follows: In Section 2, we review the literature and develop the hypotheses. In Section 3, we describe

our researchdesignandpresent theearnings andauditor characteristics for our empirical analyses. In Sections4and5,

we present our main results and additional analyses, respectively. Section 6 concludes the paper.

2 BACKGROUND

2.1 Benford’s Law in an accounting context

The rounding-up literature commonly uses Benford’s Law as a benchmark for the expected frequency distribution of

specific numerals in numbers (Das & Zhang, 2003, and Ullmann & Watrin, 2017, are notable exceptions from using

Benford’s Law). Newcomb (1881) andBenford (1938) independently established this distribution by analyzing several

sets of numbers drawn from populations, areas of rivers, atomic weights, and several other categories. Both authors

conclude that the occurrence of numerals follows a logarithmic distribution. For the second digit (from the left), this

distribution is given by

P (D2 = d2) =
9∑

d1=1

log10

(
1 +

1
d1d2

)
(1)

where d1 (d2) is the numeral that occurs as the first (second) digit of a number. The expected occurrence of numerals

decreases from zero to nine, that is, more numbers should exist with a zero as the second digit than numbers with a

nine.

Unfortunately, there is no clear-cut definition of the conditions that need to be fulfilled for a data set to follow

Benford’s Law (Hill, 1998). However, Hill (1995, p. 360) states that ‘if probability distributions are selected at random

and random samples are then taken from each of these distributions in any way so that the overall process is scale

(or base) neutral, then the significant-digit frequencies of the combined sample will converge to the logarithmic dis-

tribution’. Although it is not possible to prove that a data set conforms to these conditions, ‘in many real-life sampling

procedures, they appear to be reasonable assumptions’ (Hill, 1995, p. 361). Among different applications, Hill (1995)

explicitly names accounting data as one area where the assumptions should hold and reviews anecdotal evidence

for the conformity of different sets of accounting data with Benford’s Law. Others discuss the appropriateness of

Benford’s Law on theoretical grounds (e.g., Durtschi, Hillison, & Pacini, 2004; Nigrini & Mittermaier, 1997) and con-

clude that most accounting data follow Benford’s Law. Some of these studies also test individual accounts of specific

companies for fraud (e.g., Nigrini &Mittermaier, 1997detect the production of fictitious invoices). Additional evidence

for the applicability of Benford’s Law to accounting data is obtained from Amiram, Bozanic, and Rouen (2015). They

show that the numbers collected from restated financial statements better conform to Benford’s Law than the (mis-

stated) numbers originally disclosed. In contrast to these applications, we follow Carslaw (1988), Thomas (1989), and
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others and apply Benford’s Law to the pooled numbers of different performance measures that we collected from a

large sample of firms. Pooling makes the assumption that the numbers are random samples drawn from different dis-

tributions even more likely. We argue that firms use earnings management to round up their performance measures

and that this earnings management leads to a deviation from the Benford distribution.

For rounding up to occur, we have to assume that managers have (and will make use of) the opportunity to manage

the reported performance measures. Healy andWahlen (1999, p. 368) state that ‘earnings management occurs when

managers use judgment in financial reporting and in structuring transactions to alter financial reports to eithermislead

some stakeholders about the underlying economic performance of the company or to influence contractual outcomes

that depend on reported accounting numbers’. We do not predict how firms round up their performance measures,

because each firm probably uses different actions: ‘In fact, in many cases, each individual observation is likely to have

been transformed bymore than one earningsmanagement action’ (Burgstahler & Chuk, 2017, p. 739). However, since

rounding up is reasonable only when management knows the unmanaged outcome—that is, after it has recorded the

transactions that occurred during the fiscal year—the channels that involve real earningsmanagement (i.e., timing and

the use of artificial transactions) are no longer available. Instead, management will focus on different ways of account-

ing earnings management to round up (Xu, 2016).

To investigate benchmark beating, the literature usually uses (scaled) earnings.2 Taking earnings as a target is in

line with the survey conducted by Graham, Harvey, and Rajgopal (2005), in which a majority (51%) of the responding

chief financial officers named earnings as the performance measure that is most important for external addressees.

Only a fewmanagers referred to alternatives, for instance, revenue, cash flows, and pro forma earnings, such as oper-

ating income (12% each). From these performance measures, firms can manage net income, operating income, and

revenue with their accrual choices. Therefore, we follow the literature on rounding up and base our main analyses on

net income and EPS. We also test for rounding up of revenues and operating income. Although cash flow from oper-

ations can no longer be managed when rounding is supposed to happen, we still test for rounding in the cash flow as

a placebo. Given our understanding of the rounding process, we do not expect to find rounding in the cash flow from

operations.

2.2 Empirical evidence for the rounding up of performance measures

Carslaw (1988) presents evidence of rounding up in the net income of a sample of firms fromNewZealand. The author

finds that the second digit is rarely a nine but that the zero is more frequent. This result also holds for samples from

the United States (Guan, He, & McEldowney, 2008a; Jordan & Clark, 2011; Thomas, 1989), the United Kingdom (Van

Caneghem, 2002), Finland (Niskanen & Keloharju, 2000), Japan (Skousen et al., 2004), and Taiwan (Guan, Lin, & Fang,

2008b). In a cross-country study, Kinnunen andKoskela (2003) find the highest likelihood of rounding up in firms from

Spain, Hong Kong and Singapore, and the lowest likelihood in firms fromNorway, the United Kingdom and Sweden.

Evidence also exists of incentives for rounding up. Firms with a higher exposure to the capital market (Niskanen &

Keloharju, 2000) and firms that apply bonus schemes (Kinnunen & Koskela, 2003) are more likely to deviate from

Benford’s Law. The institutional environment plays a role as well: Rounding up is more pronounced if Generally

Accepted Accounting Principles (GAAP) allow greater discretion (Kinnunen & Koskela, 2003), but lessened since the

passageof theSarbanes–OxleyAct (Jordan&Clark, 2011).Moreover, an auditper sedecreases the likelihoodof round-

ing up (Guan, He, &Yang, 2006), and an auditorwith a high degree of industry specialization appears to further restrict

rounding up (Van Caneghem, 2004). There are also industry differences in the prominence of rounding up (Guan et al.,

2008a).

2 Most Benford analyses use unscaled earnings (following the example of Carslaw, 1988), while the literature on the zero earnings benchmark uses either

earnings scaled by themarket value of the firm (Burgstahler &Dichev, 1997; Degeorge, Patel, & Zeckhauser, 1999) or the EPS (Xu, 2016).
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The German evidence is scarce. Quick and Wolz (2003) investigate single accounts from German firms and find

that the data follow Benford’s Law, although there are deviations when only balance sheet data are used. However,

the authors focus on detecting deviations fromBenford’s Law in general, and not specifically on providing evidence of

rounding up.

2.3 Hypotheses on rounding up, earnings characteristics, and audit quality

There is a wide range of evidence that firms try tomeet or beat earnings benchmarks (Burgstahler &Chuk, 2017). The

most prominent earnings benchmarks are analyst forecasts, the prior year’s earnings, and zero earnings (Dechow, Ge,

& Schrand, 2010). Although the percentage of firms that report earnings slightly above such important benchmarks is

higher than expected, it is still relatively low. For example, Cheng andWarfield (2005) find that around 25%of all firms

meet analysts’ consensus forecast, and Barth, Landsman, and Lang (2008) report that 13% of firms meet the zero-

earnings benchmark. Put differently, for a majority of firms, these benchmarks are not relevant or are unachievable.

However, they could still have incentives tomeet less prominent benchmarks. Burgstahler andDichev (1997) propose

two general conditions that, in combination, create incentives for beating the benchmark. These conditions also hold

for multiples of 10 as benchmarks.

First, firms are better off if they report higher rather than lower earnings, because higher earnings indicate higher

firm value (Cornell & Shapiro, 1987; Graham et al., 2005), improve the terms of explicit and implicit contracts with

stakeholders (Bowen, DuCharme, & Shores, 1995; Graham et al., 2005), and increase managers’ bonus payments

(Healy, 1985;Holthausen, Larcker, & Sloan, 1995; Indjejikian&Nanda, 2002;Murphy, 2001).3 Moreover, analysts inte-

grate their expectations that firms will beat the benchmark into their forecasts (Burgstahler & Eames, 2003). There-

fore, 55%of annual EPS forecasts on I/B/E/Shave thenumerals zeroor five in thepenny location (Herrmann&Thomas,

2005). While investors correct this analyst bias for long-term forecasts, they fail to do so for short-term forecasts

(Eames & Kim, 2012).

Second, investors andcreditorsusually useheuristics in their decisionmaking, particularly if their deliberation costs

are sufficiently high (Simon, 1955). Conlisk (1996) presents arguments supporting the use of heuristics in decision

making in a general context, while Hirshleifer (2001) reviews the evidence for the use of heuristics in asset pricing

and, thus, specifically in investors’ decision making. More precisely, Hirshleifer (2001, p. 1545) refers to the ‘cognitive

efficiency of mentally discretizing continuous variables’, which means that decision makers intuitively memorize the

first digit(s) of a number but do not round the number correctly. The heuristic of focusing on the left digit(s) could

go back to the fact that rounding up is more complex than rounding down, which involves simply dropping off the

rightmost digits of a number (Bizer & Schindler, 2005; Brenner & Brenner, 1982). The left-digit bias (Bizer & Schindler,

2005; Lacetera et al., 2012; Thomas&Morwitz, 2005) leads to kinks in the investors’ utility functions aroundmultiples

of 10; that is, investors perceive a value that is directly below a round number (e.g., €3,999,999) as disproportionately
lower than a value directly above a round number (e.g., €4,000,001). In line with this argument, Rosch (1975) shows

experimentally that multiples of 10 act as cognitive reference points.

In an investor-specific context, Bhattacharya, Holden, and Jacobsen (2012) find evidence of the use of rounded

prices as reference points in trading. They find higher buy–sell ratios for liquidity demanders at all price points one

penny below integers, half-dollars, quarters, dimes, and nickels, but excess selling by liquidity demanders at all price

points one penny above these reference points. The authors find the greatest imbalance between buys and sells

around integers.

In addition to the conditions referred to by Burgstahler and Dichev (1997), there are further incentives for man-

agers to round up firm performance measures: Since bonus plans often have a floor, managers have incentives

to overstep this threshold (Indjejikian & Nanda, 2002; Murphy, 2001). The bonus can further increase if the key

3 An exception is when firms have incentives for a big bath (Healy, 1985).
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performance indicators exceed additional thresholds (Câmara, 2001; Holthausen et al., 1995).4 If earnings are used

in covenants, management has a strong incentive to round up earnings to avoid technical default (Dichev & Skinner,

2002; Guan et al., 2008b). Although the role of balance sheet covenants has declined over time, the role of earnings-

based covenants in debt contracting remains stable (Demerjian, 2011).

Taken together, we expect that German firms will round up some of their performance measures. Formally, we

investigate the following hypothesis (stated in alternative form):

H1: German firms use earnings management to round up their performancemeasures.

The literature finds evidence that management achieves rounding up by its accrual choices. However, whether

the earnings management used to achieve the benchmark is problematic for investors remains an open question.

Niskanen and Keloharju (2000) and Kinnunen and Koskela (2003) argue that only small-scale manipulations are

required and introduce the term cosmetic earnings management for rounding up. The level of earnings management

necessary to reach the cognitive thresholds of investors and creditors could be so small that it remains below any

materiality threshold. However, firms still benefit from rounding up if addressees use heuristics in their decisionmak-

ing. Rounding up could even prevent suboptimal decisions, because addressees no longer downgrade those firms that

report earnings directly below the threshold. However, based on investors’ left-digit bias, management’s incentive to

report a performance measure above a reference point could be so strong that firms use earnings management on a

larger scale to overstep the threshold. Although rounding up ismost likely not an option for a pre-managed net income

of, for example, €3,400,000, the strategy is less clear for a pre-managed net income of €3,750,000. If firms use more

than earnings cosmetics to reach the benchmark, roundingwill likely reduce the decision usefulness of financial state-

ments.

A direct evaluation of the magnitude of earnings management is not possible, because the pre-managed perfor-

mance measures are not observable. Therefore, we relate the prevalence of rounding up to different earnings char-

acteristics. Our underlying assumption is the independence between the incentives for rounding up and our earnings

characteristics, because addressees’ cognitive biases should not be related to any earnings characteristics. If rounding

up occurs onlywhen the pre-managed performancemeasure is directly below the threshold, we do not expect a differ-

ence in the digit distribution for the subsamples built on high versus low levels of earnings characteristics. For exam-

ple, firmswithmore or less timely loss recognition and firmswithmore or less smooth earnings could slightly round up

their net income to meet the next threshold without changing the earnings characteristics. However, if managers use

nontrivial amounts of earnings management, rounding up should be associated with our earnings characteristics. The

direction of the association depends on whether the specific characteristic complements or interferes with rounding

up. For example, less timely loss recognition could be complementary to rounding up. In contrast, earnings smoothing

could be opposed to rounding up if the target for smoothing does not coincide with a zero as the performance mea-

sure’s seconddigit. Similarly, if the firmuses substantial amounts of earningsmanagement to roundup its performance

measures, we expect an auditor of higher quality to limit this behavior. If, however, earnings management is only cos-

metic, it probably falls below the auditor’s materiality threshold. These examples illustrate that we do not expect a

causal link between rounding up and earnings quality. Even in the casewhere the earnings characteristic and rounding

up are complementary, we do not claim that the earnings management used in the rounding-up process is the driving

force behind the formation of the earnings characteristic.

Formally, we investigate the following hypothesis (stated in null form):

H2: There is no relation between rounding up and the earnings and auditor characteristics that we investigate.

4 Holthausen, Larcker, and Sloan (1995) do not present evidence of the use of rounded numbers as thresholds, because they linearly transform all thresholds

to ensure confidentiality.We adopt this assumption fromKinnunen and Koskela (2003) and Thomas (1989).
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3 RESEARCH DESIGN

3.1 Benford test

Rounding affects the frequency distribution of the numerals in the reported performancemeasures. The zero and nine

as second digits are important for testing our hypotheses. If firms round up, the numeral zero (nine) should be over-

represented (under-represented) in firms with a positive value for the performance measure. We expect the reverse

pattern for firms with a negative value. Benford’s Law determines the expected frequencies. For our primary test,

we rely on the Z-statistic (Carslaw, 1988; Thomas, 1989) that compares—separately for each numeral—the relative

frequency observedwith the frequency predicted by Benford’s Law:

Z =
|p−p0| − 1

2n√
p0(1−p0)

n

(2)

where p is theobservedproportionof numerals in the reportedperformancemeasure’s seconddigit, p0 is the expected

proportion according to Benford’s Law, and n is the sample size. The term 1/2n is a continuity correction that is used

only if the correction term is smaller than the absolute value term (Thomas, 1989).

To test hypothesis H1, we investigate the empirical distribution of the second digit of different performance mea-

sures. Specifically, we use net income, EPS, revenue, operating income, and cash flow from operations (as a placebo

test).We further distinguish between positive and negative values of the performancemeasure, because the expected

pattern of the rounding-upmanipulation differs between these cases (Thomas, 1989).

The Benford test cannot identify the reasons for the deviations from the Benford distribution. To strengthen our

earnings management explanation, we compare the performance measures of German firms in euros and DMarks

around the introduction of the euro. If rounding up is the result ofmanagement action, only the performancemeasures

in the reporting currency should be rounded. To test this assumption, we convert the performancemeasures for 2001

and later years into DMarks. The converted DMark amounts should not indicate rounding. Similarly, we compare the

distributions of the performance measures for the years before 1999, reported in DMarks, with those converted into

euros.5 A problem of this test is the DMark–euro exchange rate, where DM1 = €0.511292. If we convert numbers

in DMark with an even first digit into euros, the converted number will keep the same second digit as the original

number. For example, a net income of DM20,900 converts into €10,686. To avoid this mechanical effect, we run our

analysis only on observations whose respective performance measure starts with an odd numeral (e.g., a net income

of DM30,600 converts into €15,645).6

To test hypothesis H2, we form subsamples that we construct conditionally on frequently used earnings and audi-

tor characteristics and use Benford’s Law to evaluate whether the performance measures in these subsamples show

patterns consistent with rounding up.

Because our test procedure essentially consists of 10 separate tests (one for each numeral), Cleary and Thibodeau

(2005) warn against the danger of Type I errors. Therefore, we perform a chi-squared goodness-of-fit test as a second

test (Carslaw, 1988; Thomas, 1989):

𝜒2 =

9∑
d=0

(
pd − pd

0

)2
pd
0

(3)

5 We exclude the years 1999 and 2000 because in these years German firms could choose between reporting in DMarks or in euros. Unfortunately, World-

scope does not include information on the reporting currency.

6 In untabulated analyses, we repeat all analyses with only observations with odd first digits. All the inferences are the same.
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A disadvantage of this test is the possibility that irregularities other than rounding up are causal for rejecting the

null. Moreover, Shikano and Mack (2011) argue that the test can erroneously indicate deviations from the Benford

distribution. They show that inflated test statistics are likely if themaximumvalue of the density distribution is at least

above 0.01. In our sample, this value is only 0.0011 and, thus, the chi-squared test should be uncompromised.

3.2 Earnings characteristics

To construct our earnings characteristics, we build on the overview in Exhibit 1 of Dechow et al. (2010). From the

proxies discussed there, we choose discretionary accruals, smoothing, persistence and conservatism in the form of

timely loss recognition.

The literature uses discretionary accruals (DA) to estimate the portion of accruals that the firm uses to manage its

earnings (Dechowet al., 2010).We apply themodified Jonesmodel to estimate discretionary accruals (Dechow, Sloan,

& Sweeney, 1995):

TACCit∕TAit−1 = 𝛽01∕TAit−1 + 𝛽1 (ΔREVit − ΔRECit) ∕TAit−1 + 𝛽2PPEit∕TAit−1 + 𝜀it (4)

where TACC is total accruals, defined as net income minus cash flow from operations; TA is total assets; REV is rev-

enue; REC is accounts receivables; and PPE is gross property, plant and equipment. We estimate equation 4 for every

industry–year combination with at least 10 observations, where industries are classified following Barth, Beaver, and

Landsman (1998). The discretionary accruals are defined as the residuals of equation 4.

For our analysis,we form terciles basedondiscretionary accruals.7 If rounding up is only cosmetic,wedonot expect

differences between the firms in the terciles of discretionary accruals with regard to rounding up. However, if profit

firms use substantial amounts of discretionary accruals to round up their metrics, the deviation from the Benford dis-

tribution should be strongest in the third tercile.

We use twometrics of Leuz, Nanda, andWysocki (2003) that have been frequently applied in accounting research

(e.g., Perotti & Wagenhofer, 2014) to measure the smoothness of net income: SMOOTH1, the ratio of the firm-level

standard deviation in net income to the firm-level standard deviation in cash flow fromoperations, and SMOOTH2, the

firm-level Spearman correlation between the change in accruals (scaled by lagged total assets) and the change in cash

flow from operations (scaled by lagged total assets). In both measures, the cash flow from operations is the reference

point for the firm’s unmanaged performance; larger values of SMOOTH1 and SMOOTH2, respectively, indicate earn-

ings that are less smooth. We drop all firms for which fewer than 10 observations are available to compute the stan-

dard deviations or correlations.8 Based on each metric, we form two subsamples based on a median split. If firms use

substantial earnings management to round up their performance measures, they might not be able to smooth these

numbers simultaneously, because the target earnings for income smoothing might be any number (e.g., €2.4 million if

the profits were €2.2million in t–2 and €2.3million in t–1).

Managers have incentives to report persistent earnings numbers because investors perceive this pattern as less

risky (Graham et al., 2005).We estimate persistence with the following regressionmodel:

NIit∕TAit−1 = 𝛽0 + 𝛽1NIit−1∕TAit−2 + 𝜀it (5)

7 We form our subsamples based on all observations of the respective earnings and auditor characteristics of a firm instead of separately for firms with

positive andnegativenet income, because someof theearnings characteristics areonly available at the firm level andnot at the firm–year level (e.g., smoothing

andpersistencemetrics).However, in untabulatedanalyses,we showthat all the inferences are the same ifweuse thealternative formationof the subsamples.

8 All the inferences are the same if we reduce the number of required observations per firm to five.Moreover, we compare firmswith fewer than 10 observa-

tions with the remaining firms. The firms with fewer than 10 observations are, on average, smaller (with a logarithm of total assets of 17.384 versus 18.441,

significant at the 1% level). However, there are no significant differences in profitability (e.g., return on assets), risk (e.g., leverage), or, most importantly, earn-

ings characteristics.
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where NI is net income.We estimate equation 5 at the firm level for all firms with at least 10 observations.9 Our esti-

mate of persistence is β1. We use a median split to form two subsamples that represent firms with either high or low

persistence. Similar toearnings smoothing, in the caseof substantial earningsmanagement in the rounding-upprocess,

both goals might not be possible, resulting in a concentration of rounding up in the low-persistence group.

Conservatism in the form of timely loss recognition, that is, the asymmetric recognition of profits and losses,

increases the decision usefulness of financial statements (Watts, 2003). We approximate the level of conservatism at

the firm–year level with theC-score of Khan andWatts (2009), whichmeasures the level of conservatism as a function

of firm size, themarket-to-book ratio, and the leverage ratio:

EPSit = 𝛽1 + 𝛽2Dit + Rit (𝜇1 + 𝜇2SIZEit + 𝜇3MBit + 𝜇4LEVit)

+ DiRi (𝜆1 + 𝜆2SIZEit + 𝜆3MBit + 𝜆4LEVit)

+ (𝛿1SIZEit + 𝛿2MBit + 𝛿3LEVit + 𝛿4DitSIZEit + 𝛿5DitMBit + 𝛿6DitLEVit) + 𝜀it (6)

where EPS is earnings per share, D is a dummy variable that equals one if the firm reports a negative return, R is the

annual return (calculated from month −9 to month +3, relative to the fiscal year end), SIZE is the natural logarithm

of the market value of equity,MB is the market-to-book ratio, and LEV is the leverage ratio (defined as total liabilities

divided by the market value of equity). We estimate Equation 6 with annual cross-sectional regressions. The C-score

is defined as:

CSCOREit = �̂�1 + �̂�2SIZEit + �̂�3MBit + �̂�4LEVit (7)

where �̂�i is the coefficient estimate from equation 6. A higher C-score indicates earnings that are more conservative,

that is, the asymmetry in the recognition of profits and losses is greater. We form two subsamples based on a median

split that represent firms with either higher or lower levels of conditional conservatism. Managers might recognize

revenues earlier or defer the recognition of losses to the future to round up their performancemeasures. If thismanip-

ulation is not just cosmetic,weexpect firms that roundup tobeconcentrated in the subsamplewith lowC-scorevalues.

3.3 Proxies for auditor quality

As proxies for audit quality, we choose the size and industry specialization of the audit firm from the measures dis-

cussed by DeFond and Zhang (2014) (see their Table 2 for an overview). We measure the audit firm’s size using the

Big 4/non-Big 4 dichotomy (BIG4). There is empirical evidence that Big 4 auditors restrict the usage of discretionary

accruals and improve several other measures of earnings quality (Becker, DeFond, Jiambalvo, & Subramanyam, 1998;

Francis, Maydew, & Sparks, 1999). Because this variable is already bivariate, we form two subsamples: one comprises

firm–years audited by a Big 4 auditor and the other comprises firm–years audited by a non-Big 4 auditor.

The empirical audit research often uses the auditor’s industry specialization (EXPERT) as a measure of audit qual-

ity (DeFond & Zhang, 2014). The best way to measure industry specialization is the market share based on audit fees

(Audousset-Coulier, Jeny, & Jiang, 2016). However, the disclosure of audit feeswas notmandatory during the full sam-

ple period. Accordingly, wemeasure the industry specialization of an audit firm by its market share measured by total

assets audited in a given industry–year combination as the second-best alternative (Audousset-Coulier et al., 2016).

The industries are again defined following Barth et al. (1998). We base our subsamples for the Benford analyses on a

median split. If earnings management is nontrivial, high-quality auditors should restrict rounding up. Alternatively, if

firms use only earnings cosmetics, rounding up should arise with both types of auditors.

9 All inferences are unchanged if we reduce the number of required observations per firm to five.
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4 EMPIRICAL ANALYSIS

4.1 Sample description

The initial sample consists of the group accounts of all German listed firms that are covered by the Worldscope

database from 2001 to 2012 (11,004 firm–years).10 We drop all firm–years with no information on net income (2,573

observations). The remaining sample of 8,431 observations splits into 5,556 firm–years with a positive net income

and 2,875 firm–years with a negative net income. The data requirements of the earnings characteristics reduce the

sample size further. To maintain the power of the tests as high as possible, we drop firm–years with missing data only

for the test for which the specific variable is missing.11 For the discretionary accruals and smoothing samples, we fur-

ther drop all financial institutions, because their accrual measures differ from those of the remaining firms. Panel A of

Table 1 summarizes the sample selection and shows the sample sizes for the different earnings quality metrics.

Themandatory introduction of the International Financial Reporting Standards (IFRS) in 2005 represents a poten-

tial structural problem. We address this issue in two ways (results for both analyses are untabulated). First, we sepa-

rately compare the fit of net income to Benford’s Law for the IFRS andGermanGAAP (Handelsgesetzbuch) subsamples

and find no differences between these subsets. Second, we replicate all of our tests with only IFRS firm–years and the

results are no different from those reported below.12 In Panel B of Table 1, we report the descriptive statistics for the

performance measures. Net income ranges from a loss of €196 million at the first percentile to a profit of €2.2 billion

at the 99th percentile.

4.2 Rounding up by German firms

Table 2 presents the results for the Benford test on the subsamples of firm–years with positive and negative values

in different performance measures separately, but without taking the earnings characteristics into account. This test

checks whether these performance measures are rounded up in the German group accounts and whether the likeli-

hood of rounding up differs between profit and loss firms.

In Panel A of Table 2, we report our evidence for net income. Firm–years with a positive net income have higher

numbers of zeros as the second digit than predicted by Benford’s Law. As expected under the rounding-up hypoth-

esis, we also find a lower than predicted number of nines in this subsample. Most of the other numerals appear as

often as predicted, except the numeral six, which appears less often than expected. The deviation is also economi-

cally significant: the difference between the expected and observed percentages of zeros as the second digit is 0.973.

Thus, for approximately 7.5% (0.973%/12.941%) of all profit firms that report a round number, the zero as the second

digit results from rounding up. The magnitude of rounding up we observe is in line with earlier research (Kinnunen &

Koskela, 2003; Niskanen & Keloharju, 2000; Thomas, 1989). The chi-squared test indicates that the second digits of

the positive net income as reported by the German firms in our sample do not follow Benford’s Law.

For loss firms, only the numeral one occurs significantly less often than predicted by Benford’s Law, so rounding up

seems less likely. A possible explanation for this finding is the competing incentive that results from big bath account-

ing. In the case of a loss, managers can maximize the reported loss to create the potential to report higher earnings in

the future (Healy, 1985; Kirschenheiter & Melumad, 2002). If the big bath incentive is stronger than the incentive to

avoid overstepping cognitive thresholds, we should not observe an excess of nines, because firms maximize the loss

instead of trying to avoid rounded negative numbers. For example, under the rounding hypothesis, we expect a firm

10 For the test on the introduction of the euro, we also use the years from 1990 to 1998.

11 Thereareonly1,823observationswith apositivenet incomeandall available earnings andauditor characteristics (of the5,556observationswith apositive

net income). However, we replicate all our analyses with this restricted sample (not tabulated) and find qualitatively similar results.

12 The sample of German-GAAP firm–years is too small to conduct a similar analysis.
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TABLE 1 Descriptive statistics

Panel A: Sample selection

Observations PositiveNI NegativeNI

Initial sample 11,004

Firm–years with zero or missing net income (NI) 2,573

Firm–years for the estimation of the earnings

characteristics

8,431 5,556 2,875

Firm–years with non-missingDA 4,921 3,403 1,518

Firm–years with non-missing SMOOTH1 4,425 3,216 1,209

Firm–years with non-missing SMOOTH2 4,776 3,444 1,332

Firm–years with non-missing PERSISTENCE 4,956 3,568 1,388

Firm–years with non-missing CSCORE 4,529 3,389 1,140

Firm–years with non-missing EXTRAORD 7,774 5,231 2,543

Firm–years with non-missing auditor information 7,969 5,309 2,660

Panel B: Descriptive statistics

N Mean SD P1 P25 P50 P75 P99

NI 8,452 6.66E+7 6.80E+8 −1.96E+8 −6.53E+5 8.60E+5 8.78E+6 2.20E+9

EPS 7,854 3.06 110.34 −40.78 −0.20 0.23 1.18 58.08

OPINCOME 5,621 1.70E+8 9.08E+8 −2.23E+8 −7.58E+5 1.85E+6 2.24E+7 5.11E+9

REVENUES 8,050 2.12E+9 1.00E+10 0.01E+0 9.85E+6 5.42E+7 2.86E+8 5.64E+10

CFO 6,771 2.59E+8 1.51E+9 −1.10E+8 −2.38E+5 4.15E+6 2.65E+7 6.63E+9

Notes: Panel A presents the sample selection and sample sizes for the subsample analyses. Panel B provides the descriptive

statistics for our sample, where NI is net income, DA is discretionary accruals estimated with the modified Jones model,

SMOOTH1 is the ratio of the standard deviation of net income and the standard deviation of cash flow from operations,

SMOOTH2 is the Spearman correlation between the change in total accruals and the change in cash flow from operations,

PERSISTENCE is the coefficient for the regression of net income scaled by lagged total assets on lagged net income scaled by

total assets of t-2,CSCORE is the C-score of Khan andWatts (2009), EXTRAORD is a dummy variable that equals one if the firm

reports non-zero extraordinary items, EPS is earnings per share, OPINCOME is operating income, REVENUES is revenues, and
CFO is cash flow from operations.

with a net income of −€605,000 to manage the net income to −€599,000, while we expect it to report even higher

losses under the big bath hypothesis. Moreover, if investors perceive the occurrence of a loss as a stronger signal than

themagnitude of the loss (Hayn, 1995), managers might not have an incentive to round a negative net income.

In Panel B of Table 2, we repeat the analysis for EPS. Thomas (1989) argues that, for EPS, the third digit (from the

left) is themost relevant for rounding and findsmore than the expected number of zeros and fives in the sample, which

indicates an additional reference point for EPS. Thus, firms do not round to the next full euro, but to the next multiple

of five cents.We restrict our sample to firmswith EPS between €1.00 and €9.99 to ensure that the third digitmeasures

the same unit. As predicted by the rounding hypothesis, we find significantly more than the expected number of zeros

(andones) for firmswithpositiveEPS.However,wedonot finda significant lackof thenumeral nine. Thus, our evidence

for rounding up is weak. Similar to the net income analysis, we find no evidence of rounding in the observations with

negative EPS.

In Panel C of Table 2, we use operating income as our performance measure. We find no evidence of rounding for

firms with either a positive or a negative operating income.We also find no deviation from the Benford distribution in

the revenues (Panel D of Table 2). The surveyed managers of Graham et al. (2005) do not think that operating income

or revenues are the most relevant performance measure for investors. Accordingly, it is not surprising that managers
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TABLE 2 Benford analysis for the full sample

Panel A: Benford analysis for net income

Positive net income Negative net income

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 12.941 0.973** 12.765 0.797

1 11.389 11.843 0.454 9.774 −1.615***

2 10.882 11.249 0.367 10.783 −0.100

3 10.433 10.601 0.168 10.157 −0.276

4 10.031 9.557 −0.474 10.017 −0.013

5 9.668 10.205 0.537 10.052 0.384

6 9.337 8.657 −0.680* 9.530 0.193

7 9.035 8.999 −0.036 8.974 −0.061

8 8.757 8.387 −0.370 9.357 0.600

9 8.500 7.559 −0.940** 8.591 0.092

Chi2 18.549 10.124

p-value 0.029 0.341

Number of obs. 5,556 2,875

Panel B: Benford analysis for EPS

Positive EPS Negative EPS

3rd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 10.178 11.886 1.707*** 9.855 −0.323

1 10.138 11.193 1.055** 9.648 −0.490

2 10.097 10.418 0.321 10.186 0.089

3 10.057 9.541 −0.516 10.973 0.916

4 10.018 10.357 0.339 10.269 0.251

5 9.979 9.602 −0.376 9.979 0.001

6 9.940 8.502 −1.439*** 9.524 −0.416

7 9.902 9.582 −0.320 9.772 −0.130

8 9.864 9.195 −0.669 10.145 0.281

9 9.827 9.725 −0.102 9.648 −0.179

Chi2 35.491 3.738

p-value <0.001 0.928

Number of obs. 4,905 2,415

Panel C: Benford analysis for operating income

Positive operating income Negative operating income

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 12.037 0.069 12.929 0.961

1 11.389 11.660 0.271 10.396 −0.993

2 10.882 10.989 0.107 10.501 −0.381

(Continues)
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TABLE 2 (Continued)

Panel C: Benford analysis for operating income

Positive operating income Negative operating income

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

3 10.433 10.854 0.421 9.868 −0.565

4 10.031 9.296 −0.735 11.293 1.262*

5 9.668 8.974 −0.694 10.026 0.359

6 9.337 9.404 0.066 9.235 −0.103

7 9.035 9.054 0.019 7.863 −1.172

8 8.757 9.027 0.270 8.602 −0.155

9 8.500 8.705 0.205 9.288 0.788

Chi2 5.300 11.537

p-value 0.807 0.241

Number of obs. 3,722 1,895

Panel D: Benford analysis for revenues

Revenues

2nd digit

Benford

(%)

Observed

(%) Difference

0 11.968 12.225 0.258

1 11.389 11.426 0.037

2 10.882 11.134 0.252

3 10.433 10.880 0.447

4 10.031 9.471 −0.560*

5 9.668 9.598 −0.070

6 9.337 9.433 0.095

7 9.035 8.874 −0.161

8 8.757 8.645 −0.112

9 8.500 8.315 −0.184

Chi2 5.646

p-value 0.775

Number of obs. 7,877

Panel E: Benford analysis for cash flow from operations

Positive operating cash flow Negative operating cash flow

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 12.050 0.082 12.152 0.184

1 11.389 10.782 −0.608 12.099 0.709

2 10.882 11.027 0.145 10.225 −0.657

3 10.433 10.352 −0.081 9.957 −0.476

4 10.031 9.472 −0.559 9.957 −0.074

(Continues)
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TABLE 2 (Continued)

Panel E: Benford analysis for cash flow from operations

Positive operating cash flow Negative operating cash flow

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

5 9.668 10.291 0.623 9.636 −0.032

6 9.337 9.902 0.564 8.887 −0.451

7 9.035 9.002 −0.034 9.154 0.119

8 8.757 8.940 0.183 9.690 0.933

9 8.500 8.183 −0.316 8.244 −0.256

Chi2 7.655 4.472

p-value 0.569 0.878

Number of obs. 4,888 1,868

Notes: This table presents the expected distribution according to Benford’s Law (Benford) and actual occurrences in the data

set (observed) for different performance measures. The *, **, and *** denote significance at the 10%, 5%, and 1% levels (based

on theZ-statistic), respectively. The chi-squared test reported at the bottomof the panels tests the overall fit with theBenford

distribution.

do not allocate resources tomanaging thesemeasures. In Panel E, we investigate the cash flow fromoperations, which

should not be rounded, according to our understanding of the rounding process. Indeed, we find no significant devia-

tion from the Benford distribution.

To sum up, our results indicate rounding in firms with both a positive net income and positive EPS. However, for

most firms, it is not possible to round up both metrics simultaneously. One reason is that firms have only limited dis-

cretion over the number of shares. To verify this argument, we rerun the analysis for EPS (net income) separately for

firms that have potentially rounded their net income (EPS) and those that have not. Table 3 presents the results.

In Panel A of Table 3, we repeat the net income analysis for the subsamples based onwhether EPSwere potentially

rounded or not. We find evidence of rounding the net income in the subsample without a round EPS, but not in the

subsample with potentially rounded EPS. That is, most firms round either EPS or net income, but not both measures

simultaneously. Unfortunately, we cannot test whether firms prefer rounding net income over rounding EPS (or vice

versa). We also cannot determine whether rounding one of these measures is just easier because the pre-rounded

value is closer to the next round number. Additionally, a limited number of firms have round numbers in both their EPS

and net income. Panel B presents weak evidence of rounding up EPS in both subsamples of firms that potentially have

or have not rounded their net income. However, this is a mechanical effect due to the number of shares outstanding:

firms with a round net income and a round number of shares will also report a round EPS. This group comprises a

significant part of those firms with a round EPS number, but not the group with a round net income. Therefore, we

restrict our further analyses to net income.

Next, we turn to the question ofwhether the deviation fromBenford’s Law results fromearningsmanagement. The

fact that only the numerals zero and nine deviate from the expected values is initial evidence that earnings manage-

ment is themost likely explanation for the round numbers. As amore formal test, we compare the net income reported

in euros with the net income converted into DMarks for 2002 to 2012 and the net income reported in DMarks with

the net income converted into euros for 1990 to 1998. Table 4 presents the results.

In Panel A of Table 4, we investigate the observations from 2002 to 2012, when the euro was the reporting cur-

rency. The euro analysis is identical to themain analysis in Table 2 and therefore indicates rounding. However, we find

no evidence of rounding in the values converted into DMarks. In Panel B, we repeat the analysis for the 1990s, when

the DMark was the reporting currency. In this analysis, we use only observations with a positive net income that have
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TABLE 3 Simultaneous rounding of net income and EPS

Panel A: Benford analysis for net income, conditional on the third digit of the EPS

Zero 3rd digit in EPS Nonzero 3rd digit in EPS

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 13.474 1.506 12.874 0.907*

1 11.389 11.201 −0.188 11.923 0.534

2 10.882 10.714 −0.168 11.316 0.434

3 10.433 10.065 −0.368 10.668 0.235

4 10.031 9.253 −0.778 9.595 −0.436

5 9.668 10.714 1.047 10.142 0.474

6 9.337 9.253 −0.084 8.583 −0.754*

7 9.035 8.604 −0.431 9.049 0.013

8 8.757 9.416 0.659 8.259 −0.498

9 8.500 7.305 −1.195 7.591 −0.909**

Chi2 3.822 17.037

p-value 0.923 0.048

Number of obs. 616 4,940

Panel B: Benford analysis for EPS, conditional on the second digit of the net income

Zero 2nd digit in net income

Nonzero 2nd digit in net

income

3rd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 10.178 12.750 2.571** 11.754 1.575***

1 10.138 13.978 3.841*** 10.766 0.629

2 10.097 9.524 −0.573 10.555 0.458

3 10.057 8.449 −1.609 9.709 −0.349

4 10.018 9.217 −0.801 10.531 0.513

5 9.979 9.217 −0.762 9.661 −0.317

6 9.940 7.988 −1.952 8.580 −1.360***

7 9.902 9.524 −0.378 9.591 −0.311

8 9.864 9.524 −0.340 9.144 −0.720

9 9.827 9.831 0.004 9.709 −0.118

Chi2 19.052 25.600

p-value 0.025 0.002

Number of obs. 651 4,254

Notes: This table presents the expected distribution according to Benford’s Law (Benford) and the actual occurrences in the

data set (observed) for net income (Panel A) and EPS (Panel B). The *, **, and *** denote significance at the 10%, 5%, and 1%

levels (based on the Z-statistic), respectively. The chi-squared test reported at the bottom of the panels tests the overall fit

with the Benford distribution.
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TABLE 4 Benford analysis for net income in euros and in DMark

Panel A: Benford analysis for net income in the years after the euro’s introduction

Net income in euros

Net income converted into

DMark

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 12.941 0.973** 12.332 0.364

1 11.389 11.843 0.454 11.267 −0.122

2 10.882 11.249 0.367 11.010 0.128

3 10.433 10.601 0.168 11.050 0.617

4 10.031 9.557 −0.474 9.471 −0.560

5 9.668 10.205 0.537 9.215 −0.453

6 9.337 8.657 −0.680* 9.629 0.292

7 9.035 8.999 −0.036 9.155 0.120

8 8.757 8.387 −0.370 8.287 −0.470

9 8.500 7.559 −0.940** 8.583 0.084

Chi2 18.549 7.072

p-value 0.029 0.630

Number of obs. 5,556 5,556

Panel B: Benford analysis for net income in the years before the euro’s introduction

Net income in DMark

Net income converted into

euros

2nd digit

Benford

(%)

Observed

(%) Difference

Observed

(%) Difference

0 11.968 13.688 1.720* 13.089 1.121

1 11.389 11.421 0.032 4.974 −6.415***

2 10.882 10.811 −0.071 4.799 −6.083***

3 10.433 10.898 0.465 5.323 −5.110***

4 10.031 8.806 −1.225 5.497 −4.533***

5 9.668 11.595 1.928** 9.948 0.280

6 9.337 9.677 0.340 14.311 4.973***

7 9.035 7.759 −1.276 13.089 4.054***

8 8.757 7.062 −1.695** 15.358 6.601***

9 8.500 8.282 −0.217 13.613 5.113***

Chi2 15.241 277.300

p-value 0.085 <0.001

Number of obs. 1,147 1,147

Notes: This table presents the expected distribution according to Benford’s Law (Benford) and the actual occurrences in the

data set (observed) for thenet income. InPanelA,weuseobservations after2001,when reporting in eurosbecamemandatory.

In Panel B, we use observations for 1998 and earlier, when reporting in DMarks was still mandatory. In this panel, we only

use observations where the net income in DMarks has an odd first digit, to ensure that the converted euro values do not

mechanically have the same seconddigit as theDMark value because of the exchange rate. The *, **, and *** denote significance

at the 10%, 5%, and1% levels (based on theZ-statistic), respectively. The chi-squared test reported at the bottomof the panels

tests the overall fit with the Benford distribution.
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TABLE 5 Analysis for firms with a positive net income, conditional on earnings and auditor characteristics

Findings

Earnings characteristics Subsample Zeros Nines

Discretionary accruals 1st tercile ofDA No deviation Fewer nines

2nd tercile ofDA No deviation No deviation

3rd tercile ofDA More zeros No deviation

SMOOTH1 Less smoothNI No deviation Fewer nines

SmootherNI No deviation No deviation

SMOOTH2 Less smoothNI More zeros Fewer nines

SmootherNI No deviation No deviation

Persistence Less persistentNI No deviation Fewer nines

More persistentNI No deviation No deviation

Conservatism Less conservativeNI More zeros Fewer nines

More conservativeNI No deviation Fewer nines

Audit firm size Non-Big 4 More zeros Fewer nines

Big 4 No deviation No deviation

Auditor’s industry specialization No industry expert More zeros Fewer nines

Industry expert No deviation No deviation

Note: This table summarizes the Benford analyses conditional on the earnings and auditor characteristics. It denotes for each

subsamplewhether the deviation fromBenford’s Law is significant at the 5% level or not. The full results are reported in Table

OA2 in theOnline Appendix.

an odd number as the first digit. We find some evidence of rounding: there are more zeros than expected; although

the numeral nine occurs as often as predicted, we find significantly fewer eights than expected. For the values con-

verted into euros, we note that the distribution strongly deviates from Benford’s Law for nearly all numerals, which

is not in line with rounding. This finding reflects the effect of the exchange rate and the use of only odd-numbered

DMark values. Importantly, this special sample selection does not necessarily lead to such an unusual digit distribu-

tion. If we use only the net income numbers with odd first digits in the firm–years that originally reported in euros,

we still find evidence of rounding up, but the numerals one to eight follow Benford’s Law (we report the results in the

Online Appendix). Taken together, we find evidence of rounding up the net income only for the reporting currency (i.e.,

in situations where firms have incentives to round), but not for the alternative currency. Moreover, when the incen-

tives change due to the change in the reporting currency, firms adjust their targets for rounding from the net income

in DMark to the net income in euros. This targeting strongly points to earnings management as an explanation for the

deviations from the Benford distribution (Burgstahler & Chuk, 2017).

4.3 Analyses based on earnings characteristics and proxies for audit quality

Having established that firms use earnings management to round up their reported net income, we next investigate

whether the earnings management is only earnings cosmetics or of greater magnitude. We report a summary of the

results for our indirect analyses based on earnings and auditor characteristics for the firm–years with a positive net

income in Table 5. The full results are reported in theOnline Appendix.

For the first tercile of discretionary accruals (i.e., income-decreasing accruals), we find fewer than expected nines.

However, there are also fewer than expected zeros (although the difference is nonsignificant). Given this pattern,
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whether the evidence is attributable to rounding up remains unclear. For the second tercile, we also do not find evi-

dence of rounding up. For the third tercile (i.e., income-increasing accruals), we find significantly more zeros and ones

than theBenforddistribution predicts.However, there are not significantly fewer nines than expected, and, thus, there

is only weak evidence of rounding up.

For the smoothingmetrics SMOOTH1 and SMOOTH2, we find significantly fewer than expected nines in the groups

with less smooth earnings. For SMOOTH2, we also find significantly more zeros than expected. For both smoothing

measures, we find no evidence of rounding up in the firmswith smoother earnings. Thus, large-scale earningsmanage-

ment is more likely.

For our persistence proxy, we find fewer nines than predicted in the firmswith less persistent net income, whereas

the difference for the zeros is nonsignificant. There is no evidence of rounding up for those firmswithmore persistent

net income. There is thus no clear evidence of differences in the rounding up in the different subsamples based on the

persistencemetric.

We find the typical patternof roundingup for those firmswith lower levels of conservatism. Thenumeral zero (nine)

occurs marginally significantly more (less) often than expected. For those firms with higher levels of conservatism, we

find no significant deviations for the numeral zero from the Benford distribution. We interpret this result as weak

evidence of the differences between the subsamples, whichmakes large-scale earnings management likely.

We find the typical pattern of rounding up for those firmswith a non-Big 4 auditor, inwhich significantly fewer than

expected nines and more than expected zeros occur. By contrast, for firms with a Big 4 auditor, we find no significant

deviation from the Benford distribution. Tests based on the auditors’ industry specialization lead to similar conclu-

sions. Thus, the tests based on auditor characteristics also indicate that large-scale earnings management is the most

likely explanation for rounding up.

To further support our interpretation, we investigate the number of firms that are close to the next round number.

In the first tercile of discretionary accruals, 2.7%of the observationswould have to increase their reported net income

by1% to reach thenext roundnumber. In the secondand third terciles, the values are3.0%and2.9%, respectively. That

is, although the number of zeros is higher than expected only in the third tercile, there is approximately the same per-

centage of firms directly below the threshold in all terciles.13 Thus, the excess zeros reported in the third tercile result

from rounding up from a starting point that is far from the threshold. We find no difference between the subsamples

in the number of firms directly below a round number for the other earnings characteristics either.

The results from the subsample analyses are also economically significant. For example, there is a 13% chance that

a firm with a zero as the second digit and high levels of positive discretionary accruals has rounded up its net income.

There is a similar likelihood for firms with less smooth earnings or a non-Big 4 auditor. If a firm reports a zero as the

second digit, we encourage addressees to use additional analyses (e.g., the empirical tools of Amiram et al., 2015, and

Henselmann, Ditter, & Scherr, 2015) to avoid being fooled by a rounded number.

If we repeat our analyses for firm–years with a negative net income, we find no evidence that is consistent with

rounding up in any of the subgroups built on our earnings and auditor characteristics (we report the results in the

Online Appendix).

5 THIRD-DIGIT ANALYSIS

We stressed the fact that a direct test of the association between our earnings characteristics and rounding up is not

possible. To rule out the possibility that our earnings characteristics are poor indicators of the significance of rounding

up, we repeat our tests with the third digit. Suppose a net income of €6,480,000. It is probably not an option for man-

agement to round this number up to €7,000,000; however, management could still round up to €6,500,000. Since this
kind of rounding is less likely to require substantial amounts of earningsmanagement, we expect rounding in the third

13 The results are qualitatively unchanged if we take the firms that would have to increase their net income by 5%.
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digit to occur independently of the values obtained for our earnings characteristics. By contrast, if the concentration

of firms rounding the second digit in specific subsamples is for reasons other than earnings management, we expect a

similar pattern as in themain analysis.

For the full sample, we find strong support for rounding up. The numeral zero occurs more often than expected,

whereas firms report every other numeral less often than expected (the difference is significant for the numerals two,

four, seven, and, most importantly, nine). The chi-squared test is also highly significant. Thus, firms prefer the numeral

zero not only for the second but also for the third digit (we report the results in theOnline Appendix). For the analyses

conditional on earnings and auditor characteristics, we find an excess of the numeral zero in every subsample, irre-

spective of earnings or auditor characteristics or their level. The chi-squared tests also reject the Benford distribution

in every subsample (except for the first tercile of discretionary accruals). The result that our accounting qualitymetrics

are connected to rounding up the second digit of net income but not the third supports our interpretation.

6 CONCLUSION

We investigate German firms’ rounding up of reported performance measures that target addressees’ cognitive ref-

erence points. The most prominent reference points are multiples of 10, where rounding up results in a lack of nines

as the second digit and an excess of zeros. We use Benford’s Law to confirm rounding up in German group accounts

among firms with both a positive net income and positive EPS.

Further analyses show that rounding up net income and EPS are separate issues, since most firms only round up

one of these performance measures. Our tests indicate that earnings management is the most likely explanation for

the observed deviations from Benford’s Law. Additionally, we are interested in whether the earnings management

used to beat given benchmarks is only cosmetic or greater. Our analyses show that rounding up net income is more

pronounced for firms with positive discretionary accruals, less smooth earnings, less conservative earnings, non-Big

4 auditors, and non-specialist auditors. The pattern of more than the expected number of zeros and fewer than the

expected number of nines holds in one specific subgroup throughout these different proxies, but not for the respec-

tive complementary subgroup(s). Specifically, only firms with earnings characteristics at certain levels round up net

income,whereas the other firms cannot or choose not to. Becauseweexpect all firms to have some incentives to round

up, it seems unlikely that they forgo small-scale earnings management and thus miss a critical benchmark. The most

likely explanation for our findings is, therefore, that large-scale earnings management conflicts with specific levels of

earnings characteristics. In that case, rounding up can misdirect investors’ and creditors’ decision making. The term

cosmetic earningsmanagement, a frequent label for rounding up (e.g., Kinnunen&Koskela, 2003; Niskanen&Keloharju,

2000), can thus be misleading. Addressees and auditors should be aware of this risk and should apply additional anal-

yses to separate firms with rounded earnings from those with unmanaged earnings.

Our design does not allow for the determination of the exactmagnitude of rounding up. Thus, our analyses present

only associations from indirect tests. The relations between earnings characteristics, auditor characteristics, and

rounding up can actually not derive from substantial earnings management. For example, firms with low levels of dis-

cretionary accruals, high levels of smoothing, conservative accounting, Big 4 auditors, and industry specialist auditors

could choosenot to roundup their earnings, even though theywouldonly need cosmetic earningsmanagement tomeet

the earnings target. In contrast, firms that round up their net income happen to be firmswith high discretionary accru-

als and low degrees of smoothing, even though nonmaterial amounts of discretionary accruals are used for rounding

up. This explanation holds if, in contrast to our assumption, the incentives for rounding up coincide with preferences

for specific levels of earnings characteristics. However, our proxies represent different dimensions of earnings quality.

Moreover, the signof the associations between roundingupandearningsmaximization is theopposite of that between

rounding up and smoothing. Thus, the argument of pure coincidence is arguably unlikely.
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