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Abstract

There are numerous useful methods that can be conducted in data analysis in order to check
data correctness and authenticity. One of contemporary and efficient methods is application
of so-called Benford's Law. In this paper we examine ways of application of this law in
investigation of specific net income number set. Our aim is to make a conclusion if this
number set conforms to Benford's Law. An examination target focus is set on values of top
500 central and east European companies according to their income. Data set contains 1,500
records and spans through 3 years (2007, 2008 and 2009) including 500 net incomes per year.
Research is based on net income profit and loss subsets as well as absolute values of net
income. Analysis covers first digit Benford's Law test and proves conformance to Benford's
Law of all observed subsets.
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1. Introduction

Aim of this research is to perform data analysis of net income (profit or loss) of top 500
central and east European companies according to their business results in three years (2007,
2008 and 2009). Research is based on Deloitte yearly reports [25]. Our hypothesis is that
observed data sets conform Benford’s law. If such hypothesis will be confirmed that will
allow application of Benford’s law to similar data sets in order to discover possible
irregularities and frauds present in data.

Benford's Law is extremely valuable method for data analysis. It proved its efficiency in
number of business cases and fields of human interest as presented in [5], [9], [12], [13],
[16], [17] and [18].

As it is stated in [25], underlying Deloitte document "Central Europe (CE) Top 500" ranks
the 500 largest companies according to their income and net income. It draws on the
knowledge and insights of Deloitte’s professionals along with renowned economists and
academics to provide a valuable commentary on the CE markets and current trends. With
individual country reports and special focus on seven industry sectors and analysis of the
dramatically differing corporate results seen between 1% quarter of 2008 and 1% quarter of
2009 it provides an in-depth and wide-ranging insight of the latest Central European
developments. So, the purpose of the "Central Europe Top 500" is to rank the 500 largest
companies and provide commentary and insights from Deloitte’s professionals along with
renowned economists and top executives from some of the most prominent business across
the region.

Changes in economy are often described and explained by changes in income and net
income values of business companies. Not bearing in mind considerable dependency of
national and world economies on that parameter, it is especially interesting to answer the
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question if it is possible to note whether there are some irregularities or deviations in income
and net income values of companies.

In this paper, net income values in euros are analyzed for top 500 companies within each
year in time span 2007-2009. Analysis focuses on profit but also on loss values and absolute
values.

Examination of conformity with Benford's law according to first digit i.e. analysis of
frequencies of certain first digit in net income/loss/absolute value is in focus. Intuitively, it
may be assumed that payment amounts are uniformly distributed which means that
probability of appearance of each digit on leading (most important, most valuable) position is
equal. However, many data sets (in nature, business etc.) do not conform to uniform, but to
Benford’s law distribution. In the next section properties necessary for data set to conform to
Benford’s law are listed. According to our estimation observed data sets obey necessary
properties and conformation to Benford’s law is proven.

2. Research Method

2.1. Benford’s Law

American astronomer Simon Newcomb was first who found out that numbers more
frequently begin with smaller digits than with greater digits. Newcomb noticed that pages in
logarithm tables were dirtier at the start, i. e. more used, and progressively cleaner as
approaching to the end. He concluded that numbers more often begin with digit 1 than with
any other digit, and in addition, that probability of each following digit (up to 9) at the most
significant position in number progressively decreases.

Frank Benford gathered more than 20,000 observations from different sources
(geographical area, population, river areas, physical constants etc.). He analysed frequencies
of first digits for each number set. After he summarized all individual analyses he concluded
that probability of first digit being 1 is 0.30103 which equals log;¢2, probability of first digit
being 2 is 0.17609 which equals log;,3/2 etc.

There is a rather extensive literature on various fields of usage of Benford's Law. Also,
there are numerous works carried out on application of Benford’s Law in information
systems auditing i.e. data analysis for auditing purposes ([9], [12], [16], [18], [23]).

Benford's Law is used as a primary data auditing method in above mentioned setting. It
defines expected digit frequencies in certain number sets. It is noticeable that in sets of
numbers from many data sources, certain digits are distributed in a particular way which
significantly differs from uniform distribution. According to the first digit Benford's Law,
digit "1" appears as the first digit in number for almost one third of the time, and larger digits
appear on the leading number position with lower and lower frequencies. E.g. digit "8"
appears as a first digit in slightly more than 5% of values, while digit "9" appears as a first
digit in slightly more than 4.5% numbers. The basis for Benford's Law lies in the fact that
values of real world data sources are often distributed logarithmically, while the logarithms
of these real world data sources are distributed uniformly. Benford’s Law may be applied to
any position in number and to n first digits (where n is less than total number of digits).
However, the most often used are the first, second, first two and first three digit tests. Thus,
there are in fact four common methods based on Benford's Law: the first digit test, the second
digit test, the first two digits test and the first three digits test.

However, the most often used, although not the most appropriate for all cases, is the first
digit Benford's Law test. That is why Benford's Law is also called "First digit law", "First
Digit Phenomenon" and "Leading Digit Phenomenon".

Benford's Law of the first digit i.e. probability P of appearance of digit d; in number
system with base 10 on leftmost position in number is expressed by the following formula
[18, page 54]:

P(d))=log,o(1+1/d,), d; € [1..9] ey
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Formulas for probabilities of appearance of the second, first two and first three digits in
number system with base 10 are [18, page 54]:

9
P(d,) = log, (1+1/d,d,).d, €[0.9] )
dl=1
P(d,dy)=log;o(1+1/d,dy), dyd, € [10..99] 3)
P(d,dyds)=log;o(1+1/d;dyds),d; dads € [100..999] (4)

So, Benford's Law states that in certain number sets, for example digit “1”” will occur on
leftmost position with probability of around 30.1%. If number set conforms to uniform
distribution that probability would be much smaller (11.1% i.e., one digit out of 9). It is
confirmed that this counter intuitive result can be applied to a wide variety of data sets and
that it even holds to any base of numeric system (base invariance). Of course, when changing
number bases, actual digit distributions will change. Benford's law states that the leading
digitd (d € [1..b—1]) in base b (b > 2) occurs with probability

P(d)=logy(d + 1) — logyd = log,((d + 1)/d) (5)

Probabilities (P) of each digit (d;) on the most significant position in number are shown in
Table 1.

digit (d;) | probability P(d;)

1 0.30103
0.17609
0.12494
0.09691
0.07918
0.06695
0.05799
0.05115
9 0.04576

R[N || WiN

Table 1. Probabilities of each digit on the first position in number
according to Benford's Law (base b=10)

2.2. Prerequisites for Application and Properties of Benford’s Law

This law starts from assumption that number set sorted ascending forms geometric series.
Intuitive explanation of Benford’s Law is pretty clear. If town with population of 10,000 is
observed, first digit is 1. Digit 1 will stay on first position of population number until
population rise for 100%, which is 20,000 inhabitants. After this, only rise of 50% is needed
in order to change first digit from 2 to digit 3. It is clear that town will have digit 1 the most
of the time because the most time is needed to change first digit from 1 to 2.

In [16] and [18] prerequisites are set for number series to conform to Benford’s Law:

P1. Number series must describe values of same or similar phenomenon, e.g. lake area,
heights of mountains, total yearly revenue of companies, total daily turnover on stock
exchange etc.

P2. Number series should not have defined minimal and maximal values. If minimal
commission on foreign currency exchange in exchange office is 3 kunas, then set of
commission values will not fit to Benford’s Law, because large number of commission
values will have digit 3 as a first digit. Digit 0 is allowed minimum.

P3. Number series should not comprise of so called assigned numbers. These numbers are
assigned to various phenomena instead of description, and their important attribute is that
there is no sense to perform mathematical operations on these numbers. Examples are
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citizens' identification numbers, bank account numbers, telephone numbers, numbers on car
registration plates etc.

P4. This law does not apply to numbers which creation is influenced by psychological
factors, like prices in supermarket or Automatic Teller Machine (ATM) cash withdrawals.

Very important feature of Benford’s Law is scale invariance. If certain number set fits
Benford’s Law, then the set will follow the law independently on measurement unit in which
it is expressed ([10] and [15]). Consequently, if all numbers in a set that conforms to
Benford’s Law are multiplied by a constant, then new set will also conform to the law. For
example, if the law is followed by set of total yearly companies' turnover, then the law will
be followed independently on currency in which turnovers are expressed. Invariance rule also
holds for reciprocal number sets ([10] and [15]). For example, if the law is followed by set of
prices in kunas per stock, it will hold for numbers of stocks per kuna.

2.3. Measures of Evaluation

We used chi-square (y°) and average relative deviation (ARD) tests in order to evaluate
conformance of payment amounts with Benford's Law. With these tests we wanted to show if
eventual deviation of frequencies of observed phenomena from Benford's Law frequencies is
incidental or not i.e. if frequencies follow Benford’s Law. Our goal was to compare practical
usefulness and note differences between these conformity tests in auditing environment.

Chi-square test is very often used in statistics in order to make conclusion if empirical
data set conforms certain theoretical probability distribution. . In our research it is used for
checking if the first digits in our data sets conform to Benford’s Law.

Average relative deviation (ARD) is used in [18, page 59] and [16, page 79] for intuitive
explanation if certain number set conforms to Benford's Law. In [16] and [18] test is named
Mean absolute deviation (MAD), but we think expression average relative deviation (ARD)
is more appropriate. This measure does not have strictly defined limit values i.e. range in
which it can be stated whether deviation of value sets is significant or not. As a consequence,
there are no strict rules by which auditor can state if amounts conform to Benford's Law after
applying ARD test. However, in [16] it is stated that ARD (MAD) is the best conformity test
in an auditing context. Also, certain guidelines are set for ARD (MAD) cut off levels [16,
pages 118-122]. Unlike the chi-square and Z-statistics tests, ARD (MAD) is not affected by
the size of observed data set. That means the result is independent on the number of
observations itself.

As it is explained in [16] and [18], only positive significant deviations (surpluses) of
specific first digits deserve special and additional attention. Negative deviations are only the
effect of positive deviations, so they are usually not in the focus of analysis.

3. Experiment

Our hypothesis is that top 500 CEE companies' net income amounts follow Benford's Law
first digit distribution. This hypothesis is based on our estimation that this data set fulfils
prerequisites P1 (values are of similar phenomenon), P2 (there are no minimal or maximal
values), P3 (numbers are not assigned). If companies net income (profit or loss) amounts do
not conform to Benford's Law first digit distribution it can be assumed net income category is
in certain cases product of psychological influence (so that data set does not confirm P4). In
those cases, net income category may be consequence of intentional accounting adjustments
which is not direct outcome of operating results. In business environments, it is well-known
that net income, either profit or loss, is accounting category which sometimes can be easily
manipulated and set according to business goals of owner and/or management.

Our research focused on data of top 500 central and east European companies according
to their income in years 2007, 2008 and 2009. The data are extracted from Deloitte Central
Europe ranking reports created for each business year according to [25]. For each above
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mentioned year, 500 companies with largest income in corresponding year are listed. That
totals with 1.500 records for three years from 2007 to 2009.

3.1. Data Set

An examination target focus is set on values of top 500 central and east European companies
according to their income. Data set contains 1,500 records and spans through 3 years (2007,
2008 and 2009) including 500 net incomes per year.

For the purpose of this research and also within Deloitte analyses, central and east
Europe geographically includes following countries: Albania, Bosnia and Herzegovina,
Croatia, Slovenia, Montenegro, Serbia, Macedonia, Bulgaria, Romania, Moldova, Czech
Republic, Slovakia, Ukraine, Latvia, Lithuania, Estonia, Hungary and Poland.

Methodology of top 500 rankings is explained in [26], with following main principles:

"The Central Europe Top 500 rankings are based on company revenues.

As much as possible, we have used consolidated reported revenue for the fiscal year
ending in 2007. The information has been sourced from publicly available databases, data
from the companies themselves, and estimates based on our research.

In a few instances where revenue for fiscal year 2007 was not available we used the
reported 2006 revenue as a proxy for 2007. For Ukrainian companies we used revenue data
provided by "Delo."

The revenue for subsidiaries of large groups has been reported as part of the consolidated
revenue and shown separately for those subsidiaries.

The rankings are based on revenues reported by a particular legal entity operating in
Central and Eastern Europe."

Data on profits or losses (net income or net revenue) are also presented within each
company, according to availability of figures. That results in total of 1,194 figures about net
income out of 1,500 total revenue data in three observed years. Total of 994 figures
correspond to profits, while 200 values designate losses. Profits, losses and absolute net
income values are analysed in this paper. No grouping according to industry or country is
applied, so all of data are analyzed either on year level or for complete observed period.

3.2. Results

Firstly we conducted Benford's Law first digit test of positive net income values for three
year period (years 2007-2009). The results are shown in Table 2.

d f, f, | PBL P, AD RD r

1(299.22 {300 | 30.103 | 30.181 0.08 0.26 | 0.00
21 175.03 | 165 | 17.609 | 16.600 | -1.01 -5.73 | 0.57
31124.19 | 134 | 12.494 | 13.481 0.99 790 | 0.77
41 9633|100 | 9.691 | 10.060 0.37 381 | 0.14
51 7871 87| 7.918 | 8.753 0.83 10.54 | 0.87
6| 66.55| 68| 6.695| 6.841 0.15 2.18 | 0.03
7| 57.64| 51| 5799 | 5.131| -0.67| -11.52| 0.76
8| 50.85| 49| 5.115| 4.930| -0.19 -3.63 | 0.07
9| 4548 | 40| 4576 | 4.024| -055| -12.06| 0.66

Total: | 994.00 | 994 3.89

Mean: 0.54 6.40

Table 2: Benford's Law first digit (d) test analysis of positive net income values
for three year period

Explanation of symbols used:

d - observed first digit

f. — expected frequency — number of observations expected according to Benford's Law
f,— actual frequency - number of actual observations
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PBL - Benford's Law probability

P, — actual probability

AD — absolute deviation - difference between actual and expected probability (=P,-PBL)
RD - relative deviation - difference between actual and expected probability in percents
(=(P,/PBL-1)*100)

> chi-square value

As it is already mentioned, Average Relative Deviation (ARD) is average deviation from
percentages of deviation (sum of absolute values RD divided by number of frequency
categories i.e. 9). As noted in Table 2, ARD value is 6.40.

In Table 2 it can be noticed that for first digit 1 the actual frequency (f;) is 300, while
expected frequency is 299.22 i.e. 299. Deviation is denoted in absolute (AD) and relative
(RD) percentage values. The largest individual positive deviation according to RD is for digit
5, which is in surplus for almost 11% when compared to Benford’s Law expected frequency.
This surplus may be explained by influence of psychological factors when creating
companies' balance sheets specifically profit categories. It is much more sound and ear-
catching when profit starts with 5 then with e.g. 4 or even 6. For example, it is much
welcomed if profit is 502 than 498. Interestingly, even profit of 589 is much more noticeable
by observer than profit of 602 although latter is of a greater value. Digits 7 and 9 are in
deficit when compared to expected Benford's Law frequencies. However, in total, these
deviations are not significant, as it is shown by chi-square test.

In order to perform chi-square test, a null hypothesis is set and significance level is tested
on 5%. According to 8 degrees of freedom and testing on significance level of 5%, in order to
confirm our hypothesis, in this case for three year profits, sum of individual %* values should
be less than 15.507. Since it is clearly the case (3.89 < 15.507), we should accept assumption
that number set of positive net income amounts conform to Benford's Law according to chi-
square test.

Benford's Law 1st digit test - 2007-09 profits

35,000
10,000 OBenford's Law i
Yk probalyity

B Actual probalsility
25000 4+ -

20,000 4

15000 4=

probability

10,000 4=

5000 +—
0000 : . . - ]_,.:._

1 ! 3 4 5 i T 8 9

igit

Diagram 1: Benford's Law first digit test analysis of positive net income values
for three year period

Also, it is worth to mention it is usual in financial data auditing context that digits in
surplus according to conformance tests deserve additional attention. Auditors should
carefully and furtherly investigate what is in a background of surpluses. Digits in deficiency
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usually do not deserve to much additional work because their shortage is only the reflection
of before mentioned surpluses.

Secondly, Benford's Law first digit test of negative net income values (losses) for three
year period (years 2007-2009) is performed. The results are shown in Table 3.

d f, f, PBL P, AD RD r

1| 6021 60| 30.103| 30.000 | -0.10 | -0.34| 0.00
2| 3522 39| 17.609 | 19.500 | 1.89 | 10.74| 0.41
3] 2499 | 17| 12494 8500 | -3.99 | -31.97 | 255
4] 1938 22| 9.691| 11.000| 1.31] 1351 035
5] 1584 17| 7918 8500| 0.58 7.35| 0.08
6| 1339] 15| 6.695| 7.500| 0.81| 12.02| 0.19
7] 116 8| 5799| 4.000| -1.80| -31.02| 1.12
8| 1023 70 5115] 3500 -1.62] -31.57| 1.02
9| 9.15| 15| 4576 7500 2.92| 63.90| 3.74

Total: 200 9.47

Mean: 1.67 22.49

Table 3: First digit (d) analysis of negative net income values for three year period

Similarly as in three year profit analysis, chi-square value is smaller than threshold value
(9.47 < 15.507) what is basis for conclusion that losses are also in accordance to Benford's
Law first digit test distribution. However, one may notice that losses starting with digit 9
have the greatest deviation (almost 64%) from Benford's Law distribution. Instead of
expected 9 there are 15 losses with first digit 9. This may be outcome of psychological
influence in accounting process of loss calculation. Therefore, it is well known that
companies' financial results may be manipulated in order to present larger or smaller profits
and losses. In this case, it may be assumed that deviation between expected (9) and actual
frequencies (15) of losses starting with digit 9 is outcome of manipulation.

35

Benford's Law 1st digit test - 2007-09 losses

probability

OBenford's Law
Frobability

& Actual Probabaliby [

digit

2 3 4 5 [ 7

8 9

Diagram 2: Benford's Law first digit test analysis of negative net income values

for three year period

The aim of the manipulative number correction is quite obvious: it is easier to accept loss
of 980 than of 1,030. So, it is possible that when some companies calculated their financial
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result they tried to lower loss from e.g. 1,030 to 980 in order to have better view on their
performance. However, it may be concluded that negative net income values for three year
period are in accordance with Benford's Law first digit distributions.

Also, all absolute values for observed three-year period are in put focus. The results are
shown in Table 4 and Diagram 3.

d f, f, PBL P, AD RD 1

1| 359.43 360 | 30.103 | 30.151 | 0.05 0.16 | 0.00
2| 21025 204 | 17.609 | 17.085| -0.52| -2.97| 0.19
3| 149.18 151 | 12.494 | 12,647 | 0.15 122 0.02
4| 11571 122 9.691| 10218 | 0.53 544 | 0.34
5| 9454 104 7.918| 8710 0.79| 10.01 | 0.95
6| 7993 83| 6.695| 6.951| 026 3.83 | 0.12
7] 69.24 50| 5799| 4941 | -086| -1479 | 151
8| 61.08 56| S5.115| 469 | -042| -831| 042
9| 54.63 55| 4.576| 4.606| 0.03 0.66 | 0.00

Total: 1,194 3.55

Mean: 0.40 5.26

Table 4: First digit (d) analysis of absolute net income values for three year period

Analysis is performed on all 1,194 net income values in 2007-09 three year period. All
data are submitted to absolute values function so first digit distributions are calculated for
both profits and losses.

Benford's Law 1st digit test - 2007-09 absolute values
35

30

BBenford's Law
25 = Frobability -
| Actual Probabiality

|__.|J
e
L
1

—_—
i
I
1

probability

=
'L

=i
't

il nNNn

l 2 3 4 5 [ 7 3 9
digit

Diagram 3: Benford's Law first digit test analysis of absolute net income values
for three year period

Although each test for three year period (profits, losses and absolute values) show no
significant deviation from Benford's Law first digit test, test on absolute values for each
financial year are performed. This is done because there is possibility that some tests on
individual financial year may show deviations from Benford's Law although three year test is
compliant.
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Results of analysis performed on absolute values for 2007 are shown in Table 5.

d f, f, PBL P, AD RD e

1] 12132 123] 30.103 | 30.521| 0.42 139 0.02
2] 7096] 66| 17.609| 16377 | -123| -7.00| 0.35
3] 5035] 54| 12494| 13400 091 725 ] 026
4] 3905 41| 9.691| 10.174| 048 498 0.10
50 3191 39| 7918] 9.677| 176| 2222| 1.58
6] 2698 29| 6.695] 7.196| 0.50 748 | 0.15
7] 2337 17] 5799| 4218] -158| -27.26| 1.74
8] 2061] 20| 5.115] 4963| -0.15] -298] 0.02
9| 1844| 14| 4576| 3474| -1.10]| -24.08| 1.07

Total: 403 5.28

Mean: 0.90 11.63

Table 5: First digit (d) analysis of absolute net income values for 2007

Visual representation is shown on Diagram 4:

Benford's Law 1st digit test - 2007 absolute values

A5
30 - S —
OBenford'sLaw
a5 4 | Probability
B .Actual Probability
£ 20
E
= |3
=
10
5
0
1 2 3 + 5 G 7 ] 9
digit

Diagram 4: Benford's Law first digit test analysis of absolute net income values
for 2007

It is clear that deviations are not significant (chi-square 5.28<15.507), so it may be
concluded that absolute net income values in 2007 are compliant to Benford's Law first digit
test. Inspection of Diagram 4 shows some deviation for digits 5 (which are in surplus), 7 and
9 (which are both in shortage) although chi-square for complete set shows no significant
deviations.
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Data for 2008 are also checked against Benford's Law first digit test and results are

presented in Table 6.
d f, f, PBL P, AD RD 1

1| 11740 117 | 30.103 | 30.000 | -0.10 -0.34 | 0.00
2 68.68 66 | 17.609 | 16.923 | 2.68 -3.90 | 0.10
3 48.73 47 | 12.494 | 12.051 1.73 -3.54 | 0.06
4 37.79 41 9.691 | 10.513 | -3.21 8.48 | 0.27
5 30.88 37 7.918 9.487 | -6.12 19.82 | 1.21
6 26.11 28 6.695 7.179 | -1.89 7.24 | 0.14
7 22.62 20 5.799 5128 | 2.62 | -11.57 | 0.30
8 19.95 18 5.115 4.615 1.95 -9.77 1 0.19
9 17.85 16 4.576 4.103 1.85] -1035] 0.19

Total: 390 2.48

Mean: 2.46 8.33

Table 6: First digit (d) analysis of absolute net income values for 2008

Although some deviations exist, especially for digits 5 (surplus), 7 and 9 (both in
shortage) as it is case with data for 2007, they are not significant (chi-square 2.48<15.507).

L
(=]

probability
s

10

Benford's Law 1st digit test - 2008 absolute values

digit

OBenford's Law
Probability
® Actual Probability

Diagram 5: Benford's Law first digit test analysis of absolute net income values

However significant surpluses of first digit 5 in 2007 and 2008 have the effect on
complete three year number set and its corresponding surplus of 5 as a first digit (RD of

10.01%).

for 2008

Corresponding visual representation of 2007 data analysis is shown on Diagram 5.

224
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Finally, results of analysis for absolute net income values for 2009 are shown in Table 7
and Diagram 6.

d f, f, PBL Pa AD RD e

1| 120.71 | 120| 30.103 | 29.925| -0.18 -0.59 | 0.00
2 70.61 72| 17.609 | 17.955 0.35 1.97 | 0.03
3 50.10 50| 12.494 | 12.469 | -0.03 -0.20 | 0.00
4 38.86 40 9.691 9.975 0.28 293 | 0.03
5 31.75 28 7.918 6983 | -094 | -11.81| 0.44
6 26.85 26 6.695 6.484 | -0.21 -3.15 | 0.03
7 23.25 22 5.799 5.486 | -0.31 -5.39 | 0.07
8 20.51 18 5.115 4489 | -0.63 | -12.24| 0.31
9 18.35 25 4.576 6.234 1.66 36.24 | 241

Total: 401 3.32

Mean: 0.51 8.28

Table 7: First digit (d) analysis of absolute net income values for 2009

It is obvious that only positive significant deviation is for digit 9 (RD of 36.24%) which
is not the case for data belonging to 2007 and 2008. Deviation is outcome of difference
between expected (18.35) and actual (25) frequencies which produces surplus of 7 net
income values starting with digit 9.

Benford’s Law 1st digit test - 2009 absolute values

OBenford’s Law
Probability
B Actual Probabality

Diagram 6: Benford's Law first digit test analysis of absolute net income values
for 2009

This demands additional research, so we analysed positive (profit) and negative (loss) net
income values for 2009. Analysis of positive net income values for 2009 show no
discrepancies for first digit 9. Expected frequency is 14.37 while actual frequency is 15.
Resulting chi-square is only 1.17.
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Since there is no deviation for digit 9 within profit values it is reasonable to check losses
i.e. negative net income values (Table 8).

d f, f, PBL P, AD RD v

1| 26.19 25 130.103 | 28.736 | -1.37 -4.54 0.05
21 15.32 16 | 17.609 | 18.391 0.78 4.44 0.03
3| 10.87 9112494 | 10345 | -2.15 -17.20 0.32
4 8.43 91 9.691 | 10.345 0.65 6.75 0.04
5 6.89 71 7918 | 8.046 0.13 1.62 0.00
6 5.82 51 6.695| 5.747 | -0.95 -14.16 0.12
7 5.05 21 5799 | 2299 | -3.50 -60.36 1.84
8| 4.45 41 5.115| 4598 | -0.52 -10.11 0.05
9 3.98 10| 4576 | 11.494 692 | 151.19 9.11

Total: 87 11.55

Mean: 1.88 30.04

Table 8: First digit (d) analysis of negative (losses) net income values for 2009

Although chi-square value for negative net income values in 2009 is still under the
threshold value (11.55<15.507) there is deviation on first digit 9. Expected frequency is 4
while actual frequency is 10 which is surplus of 151%. Since actual frequency (15) for first
digit 9 in set of positive net incomes (profits) does not differ from expected frequency
(14.37), it is clearly noticeable that difference in set of absolute net income values is caused
by deviation in negative net income values. This discrepancy can be explained by the fact
that profit or loss is sometimes true accounting category. That means that skilled and
sophisticated accounting and financial expert can produce balance sheet according to wishes
of its management or owner. Likewise, it is possible that in some cases experts slightly
changed values of losses in order to look slightly better than they are in reality. That could
have been done by modification of losses starting with digit 1 to digit 9.

EBenford's Law 1st digit test - 2009 losses
35
30 4
OEenford's Law

25 1 Probahbility —
- W A ctual Probability
20 -
o
E
=15 T

10 1

m |l

I:I T T T T T T T T

1 2 3 4 3 i 7 g 9
digit

Diagram 7: Benford's Law first digit test analysis of negative net income values
for 2009

As it is already explained for some deviations on first digit 5, such modifications can
have certain influence on psychology of observer. For some, it is considerably easier to
accept the loss of 98 than the loss of 101 although the difference is only about 3%.
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Deviation of 2009 losses set on first digit 9 is visible on Diagram 7.
Discrepancy between Benford's Law first digit test and actual probability for first digit 9
in set of 2009 negative net income values is obvious.

4. Conclusion

Basic objective of this paper is to examine if Benford’s Law first digit test applies to net
income of top 500 central and east European companies in period of three financial years
(2007-09). Hypothesis set in the paper is:

"Top 500 CEE companies' net income amounts follow Benford's Law first digit
distribution".

For purpose of this work net income values are collected from Deloitte's research
"Deloitte Central Europe Top 500" as explained in [25] and [26]. Data includes 1,500 rows
on companies' income with 1,194 rows on companies' net income.

Results show that net positive, negative and absolute income values when analyzed for
complete observed period conform to Benford’s Law first digit test. We conducted additional
examinations on profits, losses and absolute net income values.

We spotted some discrepancies for some first digits, notably 5 and 9, and we explained
possible reasons for such phenomenon. We believe deviations exist because accounting
experts may influence final financial results which may result in first digit distributions.

Regardless of that and according to chi-square test all data subsets we examined are in
conformance to Benford's Law first digit test. As a final conclusion, hypothesis must be
accepted as true. That means Benford's Law can be used as a method for finding out eventual
deviations and manipulations in similar data sets. Nevertheless, if certain company’s income
data set does not conform to Benford's Law, one may suspect data is manipulated and does
not represent true and/or valid business facts.
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