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Abstract

Mismanagement of state-owned enterprises (SOEs) have far-reaching implications for
countries, including increased domestic borrowing, decreased private investment, decreased
gross domestic product, and increased unemployment. Balancing these implications on the
existence of SOEs underscores their relevance and importance in functioning economies.
Due to increased attention to mismanagement of South African Schedule 2 SOEs, they
formed the basis for this study, against the backdrop of potential accounting
misrepresentations present in financial statements. The purpose of this study was to
determine whether South African Schedule 2 SOE financial statements conformed to
Benford’s Law, and whether detected financial mismanagement correlated to decreased
financial performance. An analysis of financial statement panel data from 1990 to 2020 was
studied for conformity to Benford’s Law and financial performance. The results showed that
South African Schedule 2 SOEs did not conform to Benford’s Law and no statistically
significant relationship existed between conformity to Benford’s Law and financial
performance. The study answered the research questions of whether South African Schedule
2 SOEs conformed to Benford’s Law and if a relationship between conformity to Benford’s
Law correlated to financial performance. Further research is required to overcome the
limitations of unreliable South African Schedule 2 SOE ROE data, missing data and

heteroscedasticity, to develop more definitive results.
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1 Introduction to the research problem

1.1 Background

“It's not a manufactured story. We are not mad. We are telling the truth!” said former President
of South Africa, Jacob Zuma, in an interview with Mahlangu (2017), when commenting on the
mismanagement of South Africa’s state-owned enterprises (SOESs), for the personal benefit
of a select few. In the period between 2009 and 2018, mismanagement of SOEs took the
form of procurement irregularities, in which financial loopholes and weak corporate
governance standards were exploited to extract capital from the South African fiscus
(Bowman, 2020; Bracking, 2018). The office of the Auditor General of South Africa (AGSA),
responsible for overseeing and conducting audits of South African SOEs, found that an
average R41.56 billion ($2.97 billion) of capital was reported as irregular expenditure per
annum over the last six years (Auditor-General of South Africa, 2018, 2021). The
mismanagement of SOEs interferes with the constitutional mandate placed on SOEs to
effectively aid economic development through the provision of infrastructure, services, and
employment. Continued siphoning of state capital is enabled through weak corporate
governance standards, that allow SOE principals (often politicians) to induce SOE agents
(often CEOs) to act in the conflicting interests of the principal (Bussin & Ncube, 2017; Carlson
& Bussin, 2020).

SOEs, companies either fully or partially controlled by the state, occupy a strategic role in the
development of economies (Goodell, Li, & Liu, 2021). With SOEs typically operating in
strategic sectors supplying energy, water, telecommunications, infrastructure and other
essential services (OECD, 2018), stating that SOEs play an important role in the development
of economies is as true today as it was in the 19" century, when the then Zuid-Afrikaansche
Republiek, under former president Paul Kruger, sought economic independence through the
heavy-handed support of local industries, particularly through rail and electricity concessions
(Clark, 2019). For South Africa, these concessions seeded the birth of its SOEs and grew its
young economy, independently from European suppliers. The most notable among these
companies, to benefit from the trade concessions to grow South Africa’s economy some 100
years ago, were the South African Railways and Harbours Administration (SAR&H, now
Transnet), the Electricity Supply Commission (Eskom) and the Iron and Steel Corporation
(ISCOR, now Arcerlor-Mittal South Africa, with spinoffs Kumba Iron Ore and Exxaro (Clark,
2019).



In recent years, the relevance of SOEs in the global economy has exploded, with 20% of the
world’s largest companies featured on the Fortune Global 500 list being SOEs, up from
0.04%, 15 years ago (OECD, 2018; PwC, 2015). This relevance of SOEs in the global
economy is expected to increase over the long run, as countries continue to compete for a
share of future markets (PwC, 2015). Despite the obvious advantages to society and the
economic multiplier effects of effectively managed SOEs, many developing nations suffer the
burden of financial irregularities within their SOEs (Cella & Zanolla, 2018; Hashimova &
Kadyrov, 2017; Rodrigues da Cunha & Bugarin, 2015). Unfortunately, the same is true for
South African SOEs, which continues to have a detrimental impact on all sectors of the
economy with each deteriorating financial cycle (Chitiga-Mabugu, Henseler, Mabugu, &

Maisonnave, 2021).

While a thriving public sector on its own is not solely responsible for a country’s economic
competitiveness, a poorly functioning public sector does indeed impede a nation’s economic
growth (Thomas, 2012). In a 2019 report by the International Monitory Fund, widespread
corruption was cited as the main cause for concern on the effect of SOE performance (Baum,
Hackney, Medas, & Sy, 2019), despite corporate governance policies and prescribed audit
procedures. A study by Chitiga-Mabugu et al (2021), demonstrated the economy-wide knock-
on effects of continued mismanagement of South African SOEs, by way of a sophisticated
computational model. In the model, Chitiga-Mabugu et al (2021) describe the sequential
unfolding of events to include increased domestic borrowing, followed by decreased private
investment, which leads to decreased gross domestic product and rising unemployment.
These far-reaching effects, balanced on the existence of SOEs underpins the relevance and
importance of functioning SOEs in South Africa’s economy.

Private companies are not immune to irregularities, recent years have witnessed the
disappearance of billions of United States Dollars (USD) in events like the $23 billion Wirecard
AG scandal (Zeranski & Sancak, 2020), the $12.7 billion Steinhoff International scandal (The
Economist, 2017) and the $1 billion Platinum Partners hedge fund scandal (Lynch, 2016).
Irregularities do not only involve the siphoning of capital, but also the false creation of it, as
demonstrated by Luckin Coffee Inc., which in 2020 had written $300 million of sales into
existence as leverage to raise $860 million (Gray, 2020). Similarly, the 170-year-old Wells
Fargo bank, padded its revenue with fees earned on fictitious accounts and insurance

charges to show continued growth to shareholders (Gray, 2018).
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For decades, financial auditors have played the role of industry overseers, assuring the
credibility of state-owned and private company financial reports (Auditor-General of South
Africa, 2021). However, it was under the watchful eye of the so-called Big Four accounting
firms, a reputable group of the world’s four largest auditing firms, that the aforementioned
large-scale accounting scandals unfolded. In 2018, the AGSA’s office banned KPMG from
auditing public institutions for their alleged involvement in the South African State Capture
scandal (Cotterill & Marriage, 2018). Of course, any informed independent analyses on
company financials, conducted by investors, makes the implicit assumption that published
financial records are trustworthy, when this is not always the case (Reid & Youngman, 2017),

especially in high-stakes scenarios as mentioned above.

Despite prescribed audit quality standards as set out in the International Financial Reporting
Standards (IFRS) and the greater call to transparency in the King IV Corporate Governance
code and principles, South African SOEs continue to score poorly in audits and have become
synonymous with corruption (Auditor-General of South Africa, 2021). Fortunately, a globally
well-known, yet locally scantly applied, mathematical law called Benford’s Law could prove
helpful in locating the presence of accounting irregularities and fraud. Discovered in 1881 by
astronomer Simon Newcomb (da Silva, 2020), when he noticed that the first pages of a
textbook of natural logarithms (used before the invention of electronic calculators) were more
worn than later ones. Newcomb found this wear pattern to reoccur on other log books. What
he found was not only akin to the first buttons on a calculator being used more than
subsequent ones, but also a key to the natural order of the universe (Nasser, Mettler, Collins,
Tenaglia, & Osterholm, 2020). Later in 1938, physicist Frank Benford validated and
popularised Newcomb’s findings to what is now known as Benford’s Law (Eliazar, 2013).
Quite counterintuitively, Benford’s Law states that the first digit of numbers in naturally
occurring data sets will conform to a logarithmic expression, Equation 1 below, and are not
randomly distributed (Eliazar, 2013; Hickman & Rice, 2010; Nigrini, 1999).

Equation 1: Benford's Law

1
Pdi = 10g10 <1 +d_> i = 1, 2, vy 9

1

Where, Pgi is the probability of the it non-zero digit, D, occurring.



While the application of Benford’s Law is popular among financial auditors (Azevedo,
Goncalves, Gava, & Spinola, 2021), expressions of Benford’'s Law show up in all areas of
natural life, including the COVID-19 data (Lee, Han, & Jeong, 2020), election results and even
earthquake occurrence (Sambridge, Tkalci¢, & Jackson, 2010), making it an accepted and
established tool for the signalling of misrepresentations in financial data (Nigrini, 2015, 2019)

and has been widely adopted outside of the realm of accounting and economics.

Governments have gone through great lengths to ensure accounting scandals are eradicated
through publishing acts such as The Sarbanes Oxley Act of 2002, released in response to
the Enron and WorldCom scandals of the 1990s (Negash, 2011) and the Financial
Instruments Act of 2006, in response to the Livedoor scandal of the early 2000s (Hamao &
Matos, 2018). However, acts and corporate governance guidelines are slow to take effect,
can be costly to develop, and are only implementable some years after the erosion of
economic wealth. Furthermore, acts and corporate governance guidelines show little
evidence of efficacy, when contrasted against the subsequent Steinhoff International financial
scandal of 2018 (The Economist, 2017) and the slow costly collapse of South African Airways

over the last decade (Chitiga-Mabugu et al., 2021).

This study focused on SOEs classified as major public entities, often referred to as Schedule
2 entities in the Public Finance Management Act (Auditor-General of South Africa, 2018).
These SOEs operate independently and are expected to achieve a dual commercial and
development mandate. As such, Schedule 2 entities have a direct impact on the lives of
ordinary citizens, through the provision of services and infrastructure (Auditor-General of
South Africa, 2018). Due to the increased attention to corruption and mismanagement of
these Schedule 2 entities in the popular press (Magubane, 2021; Merten, 2019) and given
their importance and far-reaching impact on South Africa’s economic development (Chitiga-
Mabugu et al., 2021), they will form the basis for this study, against the backdrop of

accounting misrepresentations within South African SOEs.

1.2 Purpose statement

The research studied whether financial irregularities were hidden within the balance sheets
and income statements of South African Schedule 2 SOEs and whether a relationship existed
between financial performance (ROE) and the degree to which these financial statements

conformed to Benford’s Law. The study covered the period between 1990 and 2020 and only
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included SOEs which reported at least 10 years of audited balance sheets and income.
Schedule 2 SOEs were of particular interest, as they directly impact the lives of citizens,
through the provision of essential services and infrastructure, utilities, transportation,
financing, and connectivity, as discussed in section 1.1 (Goodell et al., 2021; OECD, 2018).
The balance sheet and income statements over the period formed the basis of the analysis
for the conformity to Benford’s Law, which is consistent with the literature reviewed (Azevedo
et al., 2021; Nigrini, 2012, 2019). When the financial performance was compared to
conformity to Benford’s Law, return on equity (ROE) was used to offset any differences in the

industry sector.

The purpose of this study was to determine whether Benford’s Law proves to be a suitable
test method in detecting accounting misrepresentations in South African Schedule 2 SOEs.
Mismanagement of South African Schedule 2 SOEs have far-reaching implications for South
Africa, including increased domestic borrowing, decreased private investment, decreased
gross domestic product, and increased unemployment (Chitiga-Mabugu et al., 2021).
Balancing these implications on the existence of SOEs underscores their relevance and
importance in functioning economies. Although the use of Benford’s Law to detect accounting
fraud in private-owned enterprises (POEs) and SOEs is common in other countries, the
literature does not present applications of Benford’s Law for South African SOEs. In 2006,
Saville tested the potential effectiveness of Benford’s Law in detecting accounting errors in
JSE listed companies. As a point of departure, this research will study a wider time horizon
than the study published by Saville, who noted it as a limitation of the previous study and will
fill the gap on SOEs rather than private companies. Company return on equity (ROE) was
selected as the desired performance efficiency measure, as literature showed a statistically
significant relationship between ROE-linked CEO remuneration and principal-agent issues
(Bussin & Ncube, 2017). Furthermore, ROE was a natural fit for analysing the efficiency of
SOE operations in the context of fraud detection using Benford’s Law, as increased levels of
mismanagement are correlated to decreased SOE ROEs (OECD, 2018). It is under this
contextual relevance that ROE is further justified in this study of South African SOEs, against
the backdrop of accounting misrepresentations and SOE performance. A more detailed
discussion on the benefits of using ROE as a direct measure, is discussed at the end of
Chapter O.



1.3 Significance of the study

This research will build on the work by Saville (2006), in which Benford’s Law was effectively
applied to South African JSE listed companies between 1998 and 2002. The points of
departure for this study lies in its focus on South African Schedule 2 SOEs and widening the

timeframe under review from 1990 to 2020.

The benefit and relevance of this study are that it addresses the gap in the literature which
applies Benford’s Law to SOEs in general, and South African SOEs, to effectively detect
accounting errors. The findings will be useful to auditors, policy makers, government, and
investors, by augmenting existing screening and detection methods to promote institutional

and public trust in South African SOEs.

1.4 Research questions and hypotheses
1.4.1 Research questions
Building on the problem statement and purpose statement, the following research questions

were developed to guide the research context.

Research Question 1: Does the financial data of South African Schedule 2 SOEs

conformed to Benford’s Law?

Research Question 2: Is there a relationship between increased conformity to
Benford’'s Law of South African Schedule 2 SOE financial data and their financial

performance (ROE)?

Research Question 3: Do financial statements of South African Schedule 2 SOEs

conform to Benford’s Law?

1.4.2 Research hypotheses
Two pairs of research hypotheses were designed to address the research questions
developed in section 1.4.1. These research hypotheses were tested in Chapters 5 and 6 of

this report.

Hao: South African Schedule 2 SOEs do not conform to Benford’s Law.



Ha1: South African Schedule 2 SOEs do conform to Benford’s Law.

Hgo: Conformity to Benford’s Law is not a predictor of ROE for South African Schedule
2 SOEs.

Hg1: Conformity to Benford’s Law is a predictor of ROE for South African Schedule 2
SOEs.

1.5 Chapter conclusion

This chapter provided the background of the study while outlining the importance and
relevance of South African Schedule 2 SOEs. The problem statement emphasised the
consequences of mismanagement of these SOEs using arguments from the literature. The
study significance presented the need for the research and provided points of departure from
the current literature. Chapter 2 contains a detailed review of the literature as it pertains to

SOE performance and conformity to Benford’s Law.



2 Theory base and literature review

This research explores practical applications for detecting falsified numbers presented as fact
in financial statements of South African Schedule 2 SOEs. This chapter reviews the literature
on a well-known forensic auditing tool, known as Benford’s Law, against the backdrop of
misrepresented numbers in South African Schedule 2 balance sheets and income

statements.

2.1 A Brief History of Benford’s Law

It was Canadian astronomer Simon Newcomb, who in 1881 discovered a strange
phenomenon when he noticed that the earlier pages across many different textbooks of
natural logarithms were more worn out than later ones (Rodrigues da Cunha & Bugarin,
2015). Newcomb’s observation was akin to the first buttons on a calculator being used more
than subsequent ones, and a key to the natural order of the universe (da Silva, 2020; Nasser
et al., 2020). However, the extent of Newcomb’s contributions beyond his discovery was a
meagre two-page paper titled, Note on the Frequency of Use of Different Digits in Natural
Numbers (Newcomb, 1881). Later in 1938, physicist Frank Benford, was the first to validate
and then popularise Newcomb’s discovery in his paper, The Law of Anomalous Numbers,
where Benford stated that the first digit of numbers in naturally occurring data sets will
conform to a logarithmic expression (Equation 1: Benford's Law in section 2.2), and are not
randomly distributed (Benford, 1938).

It was not until 1971 when the now Google Chief Economist and Emeritus Professor at UC
Berkeley, Hal Varian, saw the potential of Benford’s Law as a detection tool for possible
deviant behaviour, in his publication, Letters to the Editor (Badal-Valero, Alvarez-Jarefio, &
Pavia, 2018; Horton, Krishna Kumar, & Wood, 2020). In the publication, Varian postulated
that because individuals who fabricate numbers distribute the numbers uniformly, the
observed distributions of fabricated numbers, will not favourably compare to their expected
Benford distributions (Fairweather, 2018).

This article by Varian was the catalyst that sparked new research into the application of
Benford’s Law as a financial tool. Off the back of Varian’s article, 1988 and 1989 saw the first
publications of Benford’s Law as an auditing tool by Charles Carslaw (Burgstahler & Chuk,
2017; Nigrini, 2019) and Theodore Hill (Tota, Aliaj, & Lamcja, 2016), respectively, where the

authors demonstrated the presence of earnings management, where practitioners
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deliberately rounded up their data to meet psychological thresholds (Nigrini, 2017), thereby

validating Varian’s claim almost two decades later.

This kicked off an era of accounting fraud detection using Benford’s Law in the 1990s and
2000s, with Mark Nigrini (Nigrini, 1999, 2012, 2015, 2017, 2019) being the most prolific author
of this period, cementing the appropriateness and efficacy of Benford’s Law as an audit tool
for the interrogation of accounting data (Cella & Zanolla, 2018; Fairweather, 2018; Horton et
al., 2020).

2.2 Thelogic behind Benford’s Law

Benford’s Law is a phenomenological law, commonly known for its use as an audit tool by
finance practitioners, to detect accounting errors (Badal-Valero et al., 2018; Nigrini, 2015,
2019). Phenomenological laws describe observable relationships between phenomena, in a
manner that is consistent with fundamental theory, although are not often themselves
derivable (Weber, 1990). To this end, Benford’s Law states that the first digit of numbers in
naturally occurring data sets will conform to a logarithmic expression (Equation 1), which
shows the average expected occurrences of digits one through nine (da Silva, 2020). Less
formally stated, Benford states that numbers of a lower rank (example: one) would appear
more frequently as the first digit (30.1% probability) than higher-ranked numbers (example:
nine at 4.58% probability). The resultant logarithmic nature of natural occurrences of numbers
is often described as counterintuitive, as reasonable assumptions lead to the belief that all
digits would occur with the same probability, in a uniform distribution (Azevedo et al., 2021).
In the same manner, the probability of a number occurring as second, third and fourth digit
can be determined too, from Equation 1 below. The Benford’s Law expected frequencies of
the first four leading digits in a series of naturally occurring numbers are listed below in Table
1, adopted from Nigrini (1999).

Equation 1: Benford's Law

1
Pdi = 10g10 <1 +d_) l= 1, 2,...,9
i

Where, Pdi is the probability of the i non-zero digit, Di, occurring.



Table 1 Probabilities of first- and higher-order significant digit.

Probability of 1st | Probability of 2" | Probability of 3 | Probability of 4t
Digit (d) | significant digit significant digit significant digit significant digit
0 N/A 0.11968 0.10178 0.10018
1 0.30103 0.11389 0.10138 0.10014
2 0.17609 0.10882 0.10097 0.10010
3 0.12494 0.10433 0.10057 0.10006
4 0.09691 0.10031 0.10018 0.10002
5 0.07918 0.09668 0.09979 0.09998
6 0.06695 0.09337 0.09940 0.09994
7 0.05799 0.09035 0.09902 0.09990
8 0.05115 0.08757 0.09864 0.09986
9 0.04576 0.08500 0.09827 0.09982

Table 1 Adopted from Nigrini (1999)

In a practical sense, the main idea behind these distributions is that should a data set not
conform to the distribution listed in Table 1, either for a first digit analysis or multiple digit
analysis, the data would be flagged for misrepresentation and signal the need for further

investigation into the data.

2.3 Expanded applications of Benford’s Law

While the application of Benford’s Law is popular among financial auditors (Azevedo et al.,
2021), expressions of Benford’s Law are widely adopted outside of the realm of accounting
and economics (Nigrini, 2015, 2019).

With the prevailing increase in computational power tightly coupled to Moore’s Law (van de
Kerkhof, Benschop, & Banine, 2019), complex applications of Benford’s Law have begun to
find their way into machine learning platforms. Machine learning is a subset of computer
artificial intelligence, where algorithms imitate the human learning processes and slowly
improve in accuracy, without the need for reprogramming by humans (IBM Cloud Education,
2020). By training the algorithm with known solutions, algorithm learnings can then be
generalised and applied to solve new problems with unknown data (Schmitt, Bonig,
Borggréafe, Beitinger, & Deuse, 2020). Packaging Benford’s Law with modern machine

learning techniques, researchers and auditors are equipped to solve more complicated
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occurrences of fraud between networks of people and organisations, allowing for more

creative audit applications (Badal-Valero et al., 2018).

Suh, Headrick, & Minaburo (2011) have developed an efficient bootstrap regression
procedure (BREG), which uses Benford’s Law in the formulation of its regression coefficients,
to make predictions of its data set. The advantage of this novel methodology is that it can
detect and account for unexpected fluctuations in the data set, which typically upset
conventional regression methods such as the Mean Absolute Deviation (MAD) and chi-
squared method. Furthermore, the BREG method is claimed to be effective irrespective of

historical data quality i.e., whether historic data conforms to Benford or not.

During the COVID-19 pandemic, governments relied on the accuracy of COVID-19 infection
data to inform rapidly changing lockdown policies and to flatten the infection curve of each
new wave of infections (Lee et al., 2020). As the world began adapting to life in the pandemic
and countries began to reopen borders, researchers pivoted from using Benford’s Law to
monitor the veracity of financial data to monitoring COVID-19 statistics of countries of
geopolitical significance (Koch & Okamura, 2020). By extension, Benford’'s Law has long
been used to audit birth and death rates, and more recently to verify the excess death rate in
India, after the nations’ devastating delta variant outbreak (Mahasuar, 2021; Natashekara,
2021). From geopolitical applications to geographic studies, Benford’s Law has found use in
the prediction of earthquakes through real-time examination of the leading digit frequencies
of seismic noise activity, using machine learning (Sambridge et al., 2010). Being able to
predict the timing and location of earthquakes allow authorities to take proactive safety
measures to protect against the dangers of earthquakes. Another machine learning-enabled
application of Benford’s Law is the uncovering of deep fakes and social network bots to detect
malicious and contaminated content and behaviour on social media (Madahali & Hall, 2020;
Nowroozi, Dehghantanha, Parizi, & Choo, 2021). Considering the meta data contained in
untampered video and photograph files adhere to Benford's law, altering these files to remove
or modify certain elements contained within the picture results in a violation of Benford’s Law
(Nowroozi et al., 2021). Similarly, social media bots tend to violate Benford’s Law through

their online activity compared to humans (Mbona & Eloff, 2022).

Benford’s Law has a significant role to play in both the hard sciences in the vetting of

accounting figures and in the soft sciences in the curbing of propaganda. In the South African
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context, studies on one million Tweets from 2014 to 2018, uncover how social media bots
were used to drive a far-right political agenda and spread false information (Findlay & van
Rensburg, 2018).

2.4 Limitations and implications of Benford’s Law

Not all datasets that do not adhere to Benford’s Law is because of data misrepresentation. In
the first notable meta-study on Benford's Law, The First Digit Problem, Raimi (1976) cites
that while data that follows an asymptotic series, or a linear recursion, adheres to Benford’s
law, data that does not follow a geometric series, like annual heights of individuals or annual
salaries, will not adhere to Benford’s Law as these metrics do not approximate a geometric
series, because adults eventually stop growing and most individuals reach a salary plateau
(Nigrini, 2017). Similarly, researchers and auditors studying one-off events, such as a single
purchase made from a single vendor (versus many purchases from a single vendor) would
find results inconsistent with Benford’s Law, as a distribution cannot be studied from a single
data point (Nigrini, 2017). However, should a researcher study a large enough series
consisting of a mixture of once-off events, the result of this study should approximate
Benford’s Law. Nigrini (2017) cites Berger and Hill, who takes this analogy a step further by
demonstrating that mixtures of asymptotic and recursive data would approximate Benford’s
Law, but only in data sets where neither of the subsets within the mixture is overrepresented.
These limitations on Benford Law places a restriction on its deployment, especially in the
audit opinion and fraud risk applications, where users must make the distinction between
important and unimportant deviations from Benford’s Law (Nigrini, 2017) and consequently

distinguish between which types of deviations would cause for further investigation.

2.5 Therelevance of SOEs

SOEs serve an important economic role in the development of global economies, operating
in industries of strategic significance and often high barriers to entry, like utilities, airlines,
financial services, munitions, communications, and infrastructure (OECD, 2018), with the
variety of SOEs often tailored to country-specific needs and means (Messiahs, 2019). In
addition to providing essential infrastructure and services, SOEs act as stabilising forces
during economic downturns, by fulfilling government’s revival policies (Chitiga-Mabugu et al.,
2021).
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Unlike POEs, SOEs are either fully or partially owned by the state (Goodell et al., 2021),
which leads to their operational environments defined by uniquely conflicting directives,
characterised by political influence and ideology, societal needs, and protective governance
structures (Mbo & Adjasi, 2017). Balancing these directives against commercial objectives is
no small feat and comes at the cost of sacrificing operational efficiencies (Chen, 2016).
Despite this conundrum, many countries have effectively navigated these challenges.
Countries like Singapore (Gomez-lbanez, 2005), China (Chitiga-Mabugu et al., 2021) and
Norway (Reinert, 2018) have transformed their economies into efficient drivers of growth,

through the effective impact of SOEs, underpinned by good governance.

Across Sub-Saharan Africa, SOEs operate in nearly all industrial sectors (Mbo & Adjasi,
2017), and the same is true for South Africa. It was under former president Kruger, that the
seeds of South Africa’'s SOEs were sown, to promote economic independence from
expensive European suppliers (Clark, 2019). After Kruger's heavy-handed industrial
concessions in the rail, steel, and electricity industries, arose the SOEs which grew South
Africa’s economy in the 19t century (Clark, 2019). This recipe for growth was so successful,
that South Africa went on to grow more than 700 other SOEs by the time Apartheid had ended
(Gumede, 2016). Before transitioning into a democracy, the Apartheid government had vastly
reduced the number of SOEs through selective expropriation (Gumede, 2016), leaving South
Africa with some 129 SOEs today (South African Government, 2018).

While SOEs are traditionally associated with domestic affairs (Chitiga-Mabugu et al., 2021),
their relevance in the global economy has exploded in recent years, with 20% of the world’s
largest companies being SOEs featured on the Fortune Global 500 list, up from 0.04% 15
years ago (OECD, 2018; PwC, 2015). This relevance of SOEs in the global economy is
expected to increase over the long run, as countries continue to compete for a share of future
markets (OECD, 2018; PwC, 2015).

Despite the obvious advantages to society and the economic multiplier effects of effectively
run SOEs, many developing nations suffer the burden of financial irregularities within their
SOEs (Cella & Zanolla, 2018; Hashimova & Kadyrov, 2017; Rodrigues da Cunha & Bugarin,
2015). Unfortunately, the same is true for South African SOEs, which continues to have a
detrimental impact on all sectors of the economy with each deteriorating financial cycle

(Chitiga-Mabugu et al., 2021). The literature finds that when SOEs are run effectively, as in
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developed nations, performance matches that of POEs. Primary reasons for the poor
performance of SOESs, sees the literature converge on the presence of corruption as the most
significant contributing factor (Baum et al., 2019; OECD, 2018; PwC, 2015)

This study will focus on SOEs classified as major public entities, often referred to as Schedule
2 entities in the Public Finance Management Act (PFMA) (Auditor-General of South Africa,
2018). These SOEs operate as independent entities and are expected to achieve a dual
commercial and development mandate. As such, Schedule 2 entities have a direct impact on
the lives of ordinary citizens, through the provision of services and infrastructure (Auditor-
General of South Africa, 2018). Due to the increased attention to corruption and
mismanagement of these Schedule 2 entities in the popular press (Magubane, 2021; Merten,
2019) and given their importance to South Africa’s economic development, they will form the
basis for this study, against the backdrop of fraud and corruption within South African SOEs.
The table below lists the current Schedule 2 SOEs as defined by the PFMA.

Table 2 List of Schedule 2 SOEs

Schedule 2 state-owned enterprises
Air Traffic and Navigation Service Land Bank
Company
Airports Company of South Africa South African Airways
Alexkor South African Broadcasting Corporation
Armscor South African Express Airways
Broadband Infraco South African Forest Company
Central Energy Fund South African Nuclear Energy Corporation
Denel South African Post Office
Development Bank of Southern Africa Telkom South Africa
Eskom Trans-Caledon Tunnel Authority
Independent Development Trust Transnet
Industrial Development Corporation of
South Africa

Table 2 adapted from Auditor-General of South Africa (2018)

2.6 Financial performance measures

Financial measures play a key role in tracking and reporting a company’s performance at any
point in time, in an easily understood metric. Typically, financial measures can be split into
two types, ratios (relative figures like Return on Equity) and aggregate measures (absolute

figures like net income). The benefit of financial ratios over aggregate measures is that they
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offer insights into the relevant performance levers companies need to attend to, in order to
enact a desirable change (Junius, Adisurjo, Rijanto, & Adelina, 2020), as opposed to the one-
dimensional information captured by aggregate measures. As this study aims to offer insight
into the financial performance of SOEs and how this relates to possible accounting
misrepresentations highlighted by Benford’s Law, the deployment of financial ratios is well

suited to the correlational task.

Prakash (2015) and Bussin & Ncube (2017) state that among a myriad of financial ratios, the
more popular and widely used ones are, return on assests (ROA), return on equity (ROE),
return on invested capital (ROIC), price-earnings ratio (PE ratio), economic value add (EVA),
and market value added (MVA). Despite the many financial ratios available, their application
only remains useful within a given context. The following sections will outline the elected
performance measures and their relevance given their context in financial reporting and the

governance environments which overarch this study.

2.6.1 Price-earnings ratio

Given that the context of this research is set against anomaly detection, it would be
reasonable to peruse final ratios associated with financial performance manipulation. The PE
ratio, a metric used to assess a company’s valuation, is suggested by some researchers as
an immediate and adequate predictive measure (Junius et al., 2020) for assessing financial
performance and financial manipulation (Weske & Benuto, 2015). PE ratio is a relative
measure of share price to the per-share earnings and is usually compared across companies
in the same industry (Ghaeli, 2017). A relatively higher PE ratio indicates a poorer performing
company, whereas a lower PE ratio signals a better performing company. For fraud detection,
the rationale follows, that should a statistically significant change occur in the share price, the

PE ratio would change significantly, signalling a strong potential of fraud.

However, a statistical analysis by Weske & Benuto (2015), show that PE ratio produced
results that were insignificantly correlated to company fraud, ironically this was likely due to
earnings management in both the denominator and the numerator to prevent significant shifts
in the PE ratio. For this reason, the additional work needed to determine the equivalent share
price of the SOEs under investigation, through the appropriate valuation technique and

assumptions, was not warranted.
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2.6.2 Earnings per share

Zhang, Yuan, & Zhi (2017) report earnings per share (EPS) as the most widely used
performance measure for both SOEs and POEs in the United States of America (USA) and
the United Kingdom (UK). Like the PE ratio, EPS is a relative measure, although determined
through the quotient of net income to the number of shares (R. Johnson, Mans-Kemp, &
Erasmus, 2019). EPS has been found to be an effective performance measure with positive
secondary benefits when linked to executive performance contracts, as managers are
incentivised to either increase net income, or reduce the number of outstanding shares to
avoid dilution of the EPS (Zhang et al., 2017). Furthermore, raising capital through debt rather

than share issuance prevents EPS dilution and increases ROE.

Despite the positive benefits of EPS as a performance measure, its use is inhibited in this
research as South African Schedule 2 SOEs do not issue shares, which makes this measure

unsuitable for analysis.

2.6.3 Return on Assets

ROA was developed by the DuPont Chemicals Company (Doorasamy, 2016), and calculated
by considering a segment of the ROE equation, thereby making ROA a more focused metric.
ROA describes how efficient companies are at using their assets to turn a profit (R. Johnson
et al., 2019), and is calculated as a relative measure of the net income to total assets (Bussin
& Ncube, 2017).

Like ROE, ROA has a significant positive relationship to mitigating the effects of principal-
agent problems (when used in CEO remuneration) (Bussin & Ncube, 2017) and high levels
of corruption are correlated to decreased SOE ROAs (OECD, 2018). ROA is given by the
equation below (R. Johnson et al., 2019):

Equation 2: Return on assets

Net Income

ROA=———
Total Assets

Some researchers have the opinion that ROA is not a useful measure for SOEs, since SOE

assets were paid for by governments many years ago (Matuszak & Kabacinski, 2021). For
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this reason, ROA was rejected as a performance measure to correlate against Benford’s Law

score.

2.6.4 Return on equity

ROE is a comprehensive measure of a company’s financial efficiency as a direct function of
operational and investment decisions. It was developed in 1918 by an engineer at the DuPont
Chemical's Company (Doorasamy, 2016), as a measure of how efficiently a company is
generating profits (Bunea, Corbos, & Popescu, 2019) and has since remained an important

profitability analysis tool.

Zhang, Yuan, & Zhi (2017) report that ROE is the second most widely used performance
measure for SOEs and POEs in China. This is a significant finding, as studies on SOE
performance is broadly studied in China. ROE is determined through the quotient of net
income of equity (R. Johnson et al., 2019). ROE has similar positive secondary benefits to
EPS when linked to executive performance contracts, as managers are incentivised to
increase net income to avoid ROE dilution (Zhang et al., 2017). The literature also supports
ROE as a remuneration linked performance measure for South African SOEs, to impede the
effects of principal-agent problems, where CEOs would otherwise act in a manner that is
detrimental to the company, at the benefit of the state, or politicians (Bussin & Ncube, 2017;
Carlson & Bussin, 2020; Marimuthu & Kwenda, 2019).

Other than ROEs wide adoption as a performance measure for SOEs (Zhang et al., 2017),
the selection of ROE as a relevant performance measure in this study, is justified through its
contextual and statistical relevance (Bussin & Ncube, 2017) in bridging operational
inefficiencies of SOEs, caused by principal-agent effects experienced by SOE CEOs. This is
because CEOs, experiencing high agency costs in SOESs, are prone to resorting to accounting
misrepresentations in the interest of SOE principals (Bussin & Ncube, 2017). However, in the
absence of agency costs, CEOs are less prone to accounting misrepresentation and SOEs
are then more likely to perform equally well when compared to their POE counterparts
(OECD, 2018). This makes for an interesting study of SOE financial statement conformity to
Benford’s Law, and its relationship to SOE ROE where financial performance is deterred by

agency costs.
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The DuPont Analysis for ROE is given by the various decompositions below (Bunea et al.,
2019), resulting in Equation 3:
ROE = Profit Margin X Efficiency X Gearing

Net Income Sales Net Assets

ROE = X X
Sales Net Assets Equity

Equation 3: Return on equity

ROE = Net Inc.ome
Equity

2.7 Non-financial matters that impact SOE performance

SOEs, and POEs alike, operate within a multitude of frameworks that define their business
environment. These governing frameworks influence the behaviours and decisions of
individuals within the company and the overall company performance. Although these factors
do not form part of this research study, ignoring their contribution in the context of the findings
and development of testing criteria would detract from the context in which the results are

discussed in Chapter 5.

2.7.1 Agency Theory

Agency theory describes the relationship between the owners (principal) and managers
(agent) of an enterprise as set in the context of a conflict of interest where principals may
induce agents to act in a manner that benefits the principal although is detrimental to the
organisation, or management perusing interests that are detrimental to principal interests
(Carlson & Bussin, 2020). In the context of SOEs, the state, or political figures assume the
role of principal and CEOs and managers that of the agent. Good corporate governance
structures can protect agents from the negative influences of principals. However in practice,
a consequence of agent protection manifests as bureaucracy and often leads to inefficiencies
and detracts from the SOE goals (Okeahalam, 2004).

Conversely, rent-seeking CEOs are prone to earnings management in the pursuit of
increased rewards at the expense of company performance (Bussin & Ncube, 2017). As such,

the literature shows that performance-related CEO remuneration has a significant relationship
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to SOE performance in South Africa when CEO remuneration is linked to performance
measures like ROE (Bussin & Ncube, 2017; Carlson & Bussin, 2020; Marimuthu & Kwenda,
2019). Further to this, IFRS 15 supports corporate governance acts by placing mandatory
principal-agent conditions to be met under principal-agent arrangements (PwC, 2017) as a

further deterrent of agency costs.

While agency theory was not directly analysed in this research, the aforenoted literature
describes its relevance in the overachieving theme of this research, and further supports its
gualitative encapsulation in the elected efficiency measure, ROE, which was directly analysed

in this research.

2.7.2 Corporate governance and legal frameworks

Globally, SOEs operate within many corporate governance frameworks and legislation, which
often conflict with the strategic positioning of SOEs, resulting in inefficiencies and corruption.
This quagmire holds true for South African SOEs too, as conflicting issues of legislation,

governance and human factors take centre stage over issues of progress.

Corporate governance refers to the structures and processes which outline the decision-
making processes and accountability matrices at various levels within companies and has a
direct impact on the performance and serves to protect agents from the impacts of principal-

agent issues.

2.7.2.1 King IV Corporate Governance

The first iteration of a corporate governance protocol in South Africa was first published in
1994 (IoDSA, 2016) as a set of codes of recommended principles and practices, called King
I, and provides codes of practices relevant to SOEs, small and medium enterprises,
retirement funds, non-profit organisations, and municipalities (KPMG, 2017). Since 1994, the
King Codes have been systematically updated to cater for shortcomings in prior publications
and to meet the evolving needs of stakeholders. In the most recent 2016 iteration of the King
Codes, King IV, focus has shifted beyond compliance and introduced a greater emphasis on
ethical leadership and increased stakeholder inclusion over shareholder perspectives
(KPMG, 2017). Although the King Codes provide a consistent and relevant framework of

corporate governance protocols for SOEs to plug into, the adherence to the principles
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contained in them remains voluntary (R. Johnson et al., 2019). For this reason, many refer to

the King protocol as a proverbial watchdog without any teeth.

2.7.2.2 Public Finance Management Act

Unlike the principles contained in the King Codes, the Public Finance Management Act
(PFMA) bears legal weighting on the management of the revenue, assets, and liabilities of
public institutions, and of particular interest to this research, Schedule 2 SOEs (Auditor-
General of South Africa, 2021). First published in 1999, the PFMA adds an element of
fiduciary responsibility to the structures and processes outlined in the King Codes, holding
governing bodies, heads of departments, accounting officers, managers, and accounting

authorities personally liable if in breach of legislative duties.

Despite the deterrent of legal implications for those in breaching of their fiduciary duties, it is
common for SOEs, Schedule 2 or other, to be in breach of the PFMA and for its principals
and agents to escape legal consequences. According to the 2021 Consolidated General
Report, South African Airways and South African Express Airways have not submitted their
financial statements for audit of the 2019-2020 period under review. To date, no one has
been held accountable for this legislative breach. For the same period, Schedule 2 SOEs had
a reported R154 billion ($10.5 billion) in irregular expenditure, with Transnet, Eskom and
Airports Company South Africa contributing the most towards the amount. Similarly, R3.9
billion ($260 million) was reported as found to be fruitless and wasteful expenditure, with
Transnet, Eskom and the South African Broadcasting Corporation contributing the most
towards the finding (Auditor-General of South Africa, 2021).

A root-cause-analysis of poor audit performance of auditees found that instability in key
positions, key officials lacking competencies and inadequate consequences for
transgressions to be the key contributors by the AGSA’s office.

2.8 Chapter conclusion: The relevance of Benford’s Law and South African SOEs

As discussed in section 2.3, Benford’s Law has been broadly adopted in the field of financial
auditing and has found extended applications in other scientific areas of research. Although
literature initially studied the effectiveness of Benford’s Law in detecting accounting
misrepresentations in POEs was initially used, recent literature has begun to study the

effectiveness of Benford’s Law in SOE settings, with the majority of scholarly research results
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stemming from China. The literature has produced an equally wide variety, yet low in volume,
of examples of Benford’s Law as an effective tool for detecting accounting misrepresentations
in the government social welfare programs in Brazil (Azevedo et al., 2021), the monitoring of
state-level reporting in the USA (G. G. Johnson & Weggenmann, 2013), the monitoring of
financial reports of Malaysian SOEs (Abdul, Othman, Bukhori, Arif, & Malek, 2017) and the
investigation of fraud in Kenyan SOEs (Njoroge, 2016), to name a few.

The literature is scant on the application of Benford’s Law in an African setting and even
further underrepresented in the South African context. The most recent peer-reviewed study
of Benford’s Law on South African companies was published in 2006 and reviewed the
conformity of Johannesburg Stock Exchange listed companies, over a five-year period
(Saville, 2006).

This research will build on the work in Saville’s 2006 publication, however, focusing on
Schedule 2 SOEs and widening the timeframe under review from 1990 to 2020. The
contemporary work of this research will add to the scant research on the effectiveness of
Benford’s Law in a SOE setting as well as in an African context. In doing so, the research will
address the research questions:

Research Question 1: Does the financial data of South African Schedule 2 SOEs

conformed to Benford’'s Law?
Research Question 2: Is there a relationship between increased conformity to
Benford’s Law of South African Schedule 2 SOE financial data and their financial

performance (ROE)?

Research Question 3: Do financial statements of South African Schedule 2 SOEs

conform to Benford’s Law?
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3 Research questions and hypotheses
3.1.1 Research questions
Building on the propositions developed in Chapter 2, the following research questions were

developed to guide the research context.

Research Question 1: Does the financial data of South African Schedule 2 SOEs

conformed to Benford’s Law?
Research Question 2: Is there a relationship between increased conformity to
Benford’s Law of South African Schedule 2 SOE financial data and their financial

performance (ROE)?

Research Question 3: Do financial statements of South African Schedule 2 SOEs

conform to Benford’s Law?
3.1.2 Research hypotheses
Three pairs of research hypotheses were designed to address the research questions. These
research hypotheses are tested in Chapters 5 and 6 of the report.

Hao: South African Schedule 2 SOEs do not conform to Benford’'s Law.

Ha1: South African Schedule 2 SOEs do conform to Benford’s Law.

Hgo: Conformity to Benford’s Law is not a predictor of ROE for South African Schedule
2 SOEs.

Hg1: Conformity to Benford’s Law is a predictor of ROE for South African Schedule 2
SOEs.
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4 Research Methodology

4.1 Introduction

This chapter provides a detailed description and argument for the chosen research
methodology and design, to address the research questions as set out in Chapter 3. The
theoretical base outlined in Chapter 2, highlighted a gap in the current literature for the testing
of South African SOE financial data with the natural phenomenological law of Benford’s Law.
This gap in the current literature led to the establishment of the research questions as set out
in Chapter 3, and the development of testable research hypotheses as a structured means of

answering these research questions.

The following sections of this chapter describe the research methodology employed to
examine secondary data to address the research hypotheses as well as outlines the research
design used to conclude the study. In doing so, the population, unit of analysis, sampling
method and size, measurement instrument, data gathering process, analysis approach, and

guality controls and limitations of the method are addressed.

4.2 Research paradigm

According to Kasim & Antwi (2015), all academic research is based on a set of assumptions
or beliefs through which the researchers’ approach and conduct research. Various cohorts of
researchers, characterised by their assumptions and beliefs, are said to follow a particular
research paradigm, through which their research is guided (Kasim & Antwi, 2015).
Ontologically, the sets of hypotheses developed in Chapter 3 were constructed to arrive at a
definitive conclusion, through the structured processing of secondary financial data. This
places the research paradigm squarely within the positivistic world view that is quantitative in
nature (Business Research Methodology, 2016; Kivunja & Kuyini, 2017).

4.3 Research approach

As the research is positivistic, a deductive research approach, one which pairs deductive
log(Kasim & Antwi, 2015)ervations (Kasim & Antwi, 2015), would best support the research
paradigm. Applied to the research, the researcher will determine whether aggregate and
induvial accounting irregularities in financial data for South African Schedule 2 SOEs are
detectable using Benford’s Law (Ha), a significant relationship exists between conformity to

Benford’s Law and SOE performance (ROE) (Hg), and whether Benford scores for South
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African Schedule 2 SOEs are consistent to Benford scores from SOEs from other countries
(Hp).

4.3.1 Methodological choice

A positivist research paradigm is best supported by a quantitative methodology (Kasim &
Antwi, 2015). Studies of an empirical nature, emphasised by hypothesis testing through
numerical techniques to lead as the evidence led argument, is a hallmark of quantitative
methodologies. This research empirically tested a series of hypotheses through the numerical
manipulation of a phenomenological law to provide a definitive result. Therefore, the
deductive nature of the study, describing the relationships between variables (Benford score
versus ROE), appropriately lands as a mono-method quantitative study, as it aims to address
the research objectives through numerical and analytical approaches (Zikmund, Babin, Carr,
& Griffin, 2009).

4.3.2 Non-experimental research strategy

Kok (2020) explains that what divides experimental research from non-experimental research
is the existence of variable manipulation to produce an effect in experimental research, versus
the observation of data to find an effect in non-experimental research. In this research,
manipulation of variables was not conducted, as the researcher observed the data to infer an
effect. Simply put, this research used published secondary balance sheet and income
statement data of South African Schedule 2 SOEs for analyses, without variable manipulation
or random sampling and therefore fits the category of non-experimental research. This non-
experiment diagnosis is consistent with the research tree result in Podsakoff & Podsakoff
(2019) (see Appendix 1).

4.3.3 Time horizon

The best chance a real-world data set must conform to Benford’s Law increases with
increased sample size (Horton et al., 2020; Nigrini, 2012). This study used a wide time horizon
of historical balance sheet and income statement data of SOEs from 1990 to 2020, to
encapsulate the largest possible data set and was consistent with a panel study (Mark
Saunders & Philip Lewis, 2018).
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4.3.4 Population

The population, or universe, is described as a complete group of entities that share common
features (Zikmund et al., 2009). For the proposed research, the population would be a set of
South African Schedule 2 SOEs, whose balance sheet and income statement data will be
studied.

4.3.5 Unit of analysis
The unit of analysis is characterised by the entity comprising of the data source (Zikmund et
al., 2009). For the proposed research, the units of analysis were conformity to Benford’s Law

scores (given by the Kolmogorov-Smirnov and Mean Absolute Deviation scores) and ROE.

4.3.6 Sampling method and size

Sampling is the practice of selection and evaluation of less than 100% of the population, to
draw generalised conclusions from the part to the whole (Nigrini, 2017). When it comes to
selecting a sample size for structural equation modelling, many techniques and rules of thumb
exist. One such rule is a sample size of n = 200 as a minimum (Jackson, 2003). However, in
this research, the criterion of the study dictates that the sampling method is non-probabilistic,
that is not random, and determined by several factors. A further implication of the study
criteria is that the total population of South African Schedule 2 SOEs were sampled. This was
due to the mechanics of Benford’s Law, where the conformity to the law strengthens as the
data set grows (Horton et al., 2020).

Since the sample population is limited to South African Schedule 2 SOEs, the maximum
number of samples was limited to this, some 21 companies (Auditor-General of South Africa,
2018). Given that the number of years across which companies are tested is cited as a
limitation in studies that test only a handful of years, Schedule 2 SOEs that do not have at
least five years of published data were excluded from the study. This resulted in the exclusion
of the Land Bank, with four years of financial data and the Central Energy Fund with no
published data. The financial data of the remaining 19 SOEs were tested for conformance to
Benford’s Law, using the goodness of fit models in Equation 8 and Equation 10 in sections
4.3.7.2.3 and 4.3.7.2.4 respectively.
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Financial data captured in the balance sheets and incomes statements of SOEs were tested
for goodness of fit between the observed and expected leading digit frequencies using the

Kolmogorov-Smirnov and MAD tests as detailed in sections 4.3.7.2.3 and 4.3.7.2.4.

4.3.7 Measurement instrument

4.3.7.1 Benford’s Law

The widely published test for Benford probabilities is given by the expression in Equation 1
below (Azevedo et al., 2021; Lee et al., 2020; Nigrini, 1999):

Equation 1: Benford's Law

1
Pdi = 10g10 (1 +d_) 1= 1, 2, . 9

Where, Pgi is the probability of the it non-zero digit, Di, occurring. Since this study would
consider the probabilities of the first two leading digits, the probability expressions for these

leading digits can be expressed more explicitly as:

Equation 4: Benford's Law for first digit analysis

1
Pd1 = loglo (1 +d_) dl 6{1,2,,9}
1

Equation 5: Benford's Law for second digit analysis
1
sz = loglo (1 +m> dz E {1, 2,...,9}

4.3.7.2 Test for conformity

Up until the mid-1990s, researchers did not need to seriously worry about methods to assess
for conformity to Benford’'s Law, as the published works were usually based on small data
sets and conclusions of conformity were left to professional judgement (Nigrini, 2015). Since
the mid-1990s, as data sets grew and nuances in results were sought out, the statistic

importance of appropriate conformity tests grew.
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Conformity tests, tests for significant differences in the actual frequencies of digits observed
to the expected frequencies of digits relative to Benford’s Law. As discussed in Chapter 2,

digits are represented by integers one to nine.

When testing for conformity of the datasets to Benford Law, this study considered the various
descriptive and diagnostic methods commonly associated with analysing Benford
distributions in the literature, which were consequently also those discussed by the prolific
author Nigrini (2012). These tests are the chi-squared method, the Z-statistic, the mean
absolute deviation (MAD), and the Kolmogorov-Smirnov test. The relevance of and
applicability of each of these methods are discussed in subsequent sections along with a

defence of the selection of an appropriate conformity test.

4.3.7.2.1 Z-statistic
The Z-statistic tests for significant differences in the actual frequencies of digits observed to
the expected frequencies of digits relative to Benford’s Law and is described in the equation

below.

Equation 6: Z-statistic for conformity

,_ 1AP—EPI - (50
~ [EP(1—EP)
N

Where AP and EP denotes the actual proportion and expected proportions, respectively, and

N denotes the number of observations. The Z-statistic grows as the difference in actual
frequencies and expected frequencies widen. As the distribution diverges away from
Benford’s Law, the Z-statistic increases in magnitude. The Z-statistic suffers from a peculiar
effect related to the number of observations, where a large deviation in a smaller data set is

muted and a small deviation in a large data set is amplified (Nigrini, 2012).

Due to the doubled-edge sensitivity at the upper and lower bounds of N, the Z-statistics was

not considered for this study.
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4.3.7.2.2 Chi-squared test for conformity
The chi-square test is a non-parametric numerical method typically adopted to compare the
actual and expected results when testing conformity of a dataset to Benford’s Law (Nigrini,

2012) and is calculated using the equation below:

Equation 7: Chi-squared statistic for conformity

o L ZD: (AC — EC)?
1 squared = . EC

i=1

Where AC and EC are the actual counts and expected counts of the leading digits, and D is

the number of first-two leading digit pairings.

The null hypothesis would be that financial data conforms to Benford’s Law. Whether to reject
the null hypothesis or not to reject the null hypothesis was arrived at by comparing chi-
squared to a critical value. The critical value is calculated using the CHIINV function in Excel.

Whenever the chi-squared value exceeded the critical value, the null hypothesis was rejected.

The chi-squared method is best suited to analysing small sample sizes, less than 500
observations, in that it avoids errors resulting in an excess of power. Due to the squared
nature of the test, meaningless deviations are amplified in large data sets, which results in

meaningless non-conformity (Nigrini, 2012).

4.3.7.2.3 Kolmogorov-Smirnov test

Like the chi-squared test, the Kolmogorov-Smirnov is a non-parametric test that evaluates all
the digits simultaneously (Nigrini, 2012). Another similarity to the chi-square test is that the
Kolmogorov-Smirnov test only tolerates small deviations in Benford’s Law for large N.
However, it performs better than the chi-square test for smaller samples (Bryman & Liao,

2021). The Kolmogorov-Smirnov test is given by the equation below.

Equation 8: Kolmogorov-Smirnov statistic for conformity
Kolmogorov — Smirnoff = Max|Fy(X) — F; (X)|
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Where FO(X) is the actual cumulative frequencies, F1(X) is the expected cumulative
frequencies. The hypothesis testing of Kolmogorov-Smirnov scores involves comparison to a
critical value, where the null hypothesis is rejected if the critical value is less than the
Kolmogorov-Smirnov statistic. The Kolmogorov-Smirnov critical value for N = 25 at

significance level of 0.05 is given by the equation below (Bryman & Liao, 2021).

Equation 9: Kolmogorov-Smirnov critial value

1.36
Kolmogorov — Smirnoff critical value = —

VN

Where 1.36 is constant at a significance level of 0.05 and N is the number of observations.
Given the superior performance of the Kolmogorov-Smirnov test over the chi-square test, it

was selected as an appropriate tool for subsequent descriptive statistic testing.

4.3.7.2.4 Mean absolute deviation (MAD)
To overcome the concerns of sample size present in the chi-squared and Kolmogorov-
Smirnov tests, the mean absolute deviation (MAD) test was used, as it is is unaffected by

sample size, was selected Nigrini (2012). The MAD is calculated using the equation below.

Equation 10: Mean Absolute Deviation statistic for conformity

i1|AP — EP|

MAD =
K

Where AP and EP denotes the actual proportion and expected proportions, respectively, on

every leading digit, and K denotes the number of bins of first-two leading digit pairings.

To determine the degree to which the MAD results conforms to Benford’s Law, this study
adopted a taxonomy of critical values created by Drake and Nigrini in 2000, empirically
derived from a study of large diverse data sets (Nigrini, 2012). The table below summarises

the degree of conformity for the first, second and first-two digits, for respective MAD scores.
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Table 3 Critical Values and Conclusions for Various MAD Values adopted from Nigrini (2012)

Digits Range Conclusion
0.000 to 0.006 Close conformity
0.006 to 0.012 Acceptable conformity
First Digits 0.012 to 0.015 Marginally acceptable
conformity
Above 0.015 Nonconformity
0.000 to 0.008 Close conformity
0.008 to 0.010 Acceptable conformity
Second Digits 0.010 to 0.012 Marginally acceptable
conformity
Above 0.012 Nonconformity

4.3.7.3 Regression model

Regression is a collective term used to describe a set of commonly used statistical
methodologies that examines the relationship between independent and dependent
variables, of empirical data (Cui, Xu, Zhang, & Chan, 2021). Regression models are useful
for understanding the nature of the relationship between variables and often the exploitation
of the variables. Businesses commonly use regression techniques, often in Microsoft Excel,
to understand the relationships between key indicators such as revenue growth and time
(Nguyen, 2021).

4.3.8 Assumptions and considerations of homoscedasticity and heteroscedasticity

Issues of homoscedasticity and heteroscedasticity arise when considering assumptions of
linear and non-linear regression respectively, where the consistency of the variance of the
error term are of particular interest (Klein, Gerhard, Buchner, Diestel, & Schermelleh-Engel,
2016; Yang, Tu, & Chen, 2019). Yang et al (2019) state that a common assumption of the
widely used linear regression in data analysis is that of heteroscedasticity, which has a

significant impact on the validity of the regression.

Nigrini (2012) and Bowman (2016) critiqued the regression analysis of Benford’s Law
conformity scores of companies listed on the Johannesburg Stock Exchange, by Saville
(2006), and showed that the data did not meet conditions for linearity. Assumptions of
heteroskedacity to were tested for in the data, to avoid significant errors in the regression
analysis (Klein et al., 2016). The White, Modified Breusch-Pagan and F tests for

heteroscedasticity was conducted on the data and found significant non-linear characteristics
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in the data. However, a marginal increase in the adjusted R-squared value of the linear
regression over the non-linear regression was found and the analysis continued to process
the data as linear, ignoring non-linear characteristics, due to the slightly stronger linear nature
of the data.

4.3.9 Linear regression model
Equation 1 shows the generic non-linear regression expression (Lan, Zhong, Li, Wang, &
Tsai, 2016):

Equation 11: Generic linear regression model

Yi = Bo + BiXj+g

Where, Y is the dependent variable, X; is the independent variable, & is the error term and

Bo and P, are the regression coefficients.

This in research, the dependent variables were ROE (Y1, and Y4,i), while the independent

variables were MAD (X;) and Kolmogorov-Smirnov (Xi) scores.

4.3.9.1 Return on equity

As discussed in section 2.6.4, ROE is a comprehensive performance measure of a company’s
financial efficiency as a direct function of operational and investment decisions (Bunea et al.,
2019; Zhang et al., 2017). When SOEs are run effectively, their performance matches that of
POEs (OECD, 2018), although corruption, brought on by weak principal-agent relationships
(Bussin & Ncube, 2017; Carlson & Bussin, 2020), has been reported to be the main reason
for degraded ROEs of SOEs (Baum et al., 2019). This is because CEOs experiencing high
agency costs are prone to resorting to accounting misrepresentations in the interest of SOE
principals (Bussin & Ncube, 2017). This argument provides the contextual relevance of ROE

as the selected performance measure.

ROE data for South African Schedule 2 SOEs was not retrievable from known international
research platforms like Iress, OSIRIS and TimBukOne. In the absence of published data, the
researcher calculated ROE for each SOE from the respective balance sheets. ROE was

consistently calculated as the quotient between Profit After Interest and Tax to Total Equity,
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which is congruent to the theoretical definition of the ratio between Net Income to Equity
(Bunea et al., 2019) below:

Equation 3: Return on equity

Net Income
Equity

4.3.10 Data gathering process

This research utilised secondary data, that is published income statements and balance sheet
data from the Iress database. The Iress is known international research platform, that
contains reliable data on global listed companies (Morris, 2018). The choice of secondary
data, audited financial statements, is an important source of information, as it describes how
companies generate revenue, the health of a company’s debtors and creditors, and the
financial state of its assets (Auditor-General of South Africa, 2021). In the case of SOEs,
financial statements also provide insight into unauthorised and irregular expenditures
(Auditor-General of South Africa, 2018). To determine whether likely SOE accounting
misrepresentations could be detected from audited financials, the researcher referred
Nigrinito Nigrini (2012), who stated that most accounting data is suitable for forensic analysis
using Benford’s Law. The table below is a summary of the data sources and types used in

this research.

Table 4 Summary of the data sources and type

Data source Data type
Iress Balance sheets and income statements
Iress ROE calculation from balance sheets

4.3.11 Data Analysis approach
As discussed in section 4.3.1, the research conducted in this report is deductive in nature.

The following section describes the analysis approach undertaken to complete it.

Microsoft Excel was used to store and arrange the various conformity tests on the financial
statement data. The advantage of using Microsoft Excel is that it is a widely used software
for calculating, graphing, and arranging data, without the need for specialised hardware. The

regression analysis between the ROE and conformity scores were computed using IBM
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Statistical Package for Social Sciences (SPSS, version 27) to test the strength and direction

of the correlations.

The analysis approach followed a logical sequence of steps. Firstly, secondary data in the
form of South African SOE balance sheets, income statements, and ROE was prepared and
sorted into an appropriate format. Next, the conformity to Benford’s Law was calculated using
the statistical methods described in section 4.3.7.2.3 (Kolmogorov-Smirnov) and 4.3.7.2.4.
(MAD), and decisions on whether to reject or not to reject the hypotheses were made. Finally,
the strength and direction of the correlations between ROE and Benford’s scores were tested,

and subsequent hypothesis testing was conducted.

4.3.12 Quality assurance controls

Research quality controls in the research process are concerned with increasing the
credibility and validity of the arguments presented in the research. This research employed
guality assurance measures through the deployment of the triangulation method.
Triangulation increases the credibility and validity of research by determining whether data

and information from various sources converges (Noble & Heale, 2019).

Credibility refers to the authority and reputation of the source, as data from reputable sources
are more likely to be credible, as the existence of these reputable sources are highly
dependent on the credibility of their data (Kok, 2020). The secondary data used in this
research was gathered from Iress, a reputable research platform, known for reliable financial

data sources (Morris, 2018).

The validity of this research was informed by the corroboration of key insights and
contemporary learnings from key authors, top subject matter contributors, research published
in top academic journals and meta-analyses. The validity of Benford’s Law as an effective
forensic audit tool to detect accounting misrepresentations was validated through the
literature review and building on the key learnings of key authors like Benford (1938), Nigrini
(1999, 2012, 2015, 2017, 2019), Varian (1973), Carslaw (1988), and Hill (1988).

In this way, quality assurance methods were used to ensure that this research was grounded

in relevant and contemporary arguments, that the data used was reliable and valid and that
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the research method mitigates against bias introduced by the researcher and other external

sources.

4.3.13 Limitations

Benford’s Law is a widely accepted methodology for detecting data misrepresentation and
the likely presence of accounting fraud. Although the conformity testing indicated the
presence of misrepresentation in the balance sheets and income statement data, the analysis
does not indicate the precise location of a misrepresentation. Furthermore, the presence of a
correlatory relationship between ROE and Benford scores detected by regression analysis

do not indicate a causal relationship in the pair.

4.4 Chapter conclusion

This chapter highlighted the positivistic paradigm within which this research lies and how its
related assumptions influenced the research methodology. The deductive approach enabled
the investigation of whether Benford’s Law was an effective tool to detect accounting
misrepresentations within South African Schedule 2 SOEs and whether inferences of

misrepresentations had strong statistical relationships to their financial performance.

Assumptions of homoscedasticity and heteroskedasticity were discussed in relation to the
literature and its potential impact on this research. The presence of non-linearity in the data
was statistically tested, concluding linear analysis of the data as sufficient and reliable.

Issues of quality assurance were addressed through the employment of information
triangulation, in which the researcher used reliable and valid financial data from reputable
sources (Iress), and theoretical arguments were developed from key academic sources. The

theoretical results developed in this chapter is further discussed in Chapter 5.
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5 Study results

This Chapter presents the descriptive statistics of the data under study, an analysis of the
financial statement conformity to Benford’s Law and reports on the results obtained from the
regression analysis. While descriptive statistics are not useful for decision-making or drawing
conclusions from the data, it provided the researcher with insight into the data structure and
nature. Table 5 in section 5.1 contains the descriptive statistics of the sample under study,

for ROE and the respective conformity scores.

The balance sheets and income statement data of 19 South African Schedule 2 SOEs were
tested for conformity to Benford’s Law, using the Kolmogorov-Smirnov and MAD test methods
on the first and second digits. Table 6 Conformity results of South African Schedule 2 SOEs
to Benford's Law in section 5.2 contains the conformity result for the SOEs under study. The

results from this analysis were used to test the first hypothesis, Hao.

Empirical data analysis was conducted through linear regression and correlation testing
between variables (ROE and conformity scores). Results from the empirical analysis showed
the existence, strength, and direction of relationships between ROE and the Benford scores
of the first and second digits of balance sheet and income statement data, using the
Kolmogorov-Smirnov and MAD conformity tests. Section 5.3 contains the results of the

empirical study. The results from this analysis were used to test the second hypothesis, Hgo.

SPSS was used to calculate the descriptive statistics, conduct the linear regression and
conformity testing. The Nigrini Cycle template was run in Microsoft Excel to analyse the first-
and second-digit frequencies when testing for conformity to Benford’s Law. The Chapter
concludes with a detailed presentation of the results and provides the platform for discussion

in Chapter 6.

5.1 Descriptive of the sample and descriptive statistics

The shape and scale of the data are characterised by descriptive statistics. Table 5 below
contains the descriptive statistics for the sample under study. The mean value represents the
centre of the data. Values that are closely grouped around the mean have a small standard
deviation, as the average distance between these values and the mean are low. Data
symmetry is measured by the skewness statistic, which ranges from -1 to +1, with negative

scores indicating a distribution that is left-skewed, and a positive score indicating the data is
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right-skewed. The propensity for data to contain outliers, represented by heavy-tailed
distributions, is measured by the Kurtosis statistic. Kurtosis statistics that lie outside the range

of -1 to +1 show a high propensity for outliers in the tails.

Aggregate financial data, consisting of balance sheet and income statement data from 19
South African Schedule 2 SOEs, consisted of 419 counts of observations. Each observation
consisted of a Kolmogorov-Smirnov score for the first digit (KS 15t) and second digit (KS 2"9),
the MAD score for the first digit (MAD 1%t) and second digit (MAD 2"9), ROE data for each
SOE for each year. The data spanned the time horizon from 1990 to 2020, however not all

SOEs contained data for every year across the time horizon.

The data largely presented with a skewness to the right, with skewness results greater than
zero. ROE data contained the highest degree of asymmetry, with a skewness statistic of
9.748 and similarly showed the highest propensity for outliers with a Kurtosis statistic of

106.828. Table 5 below contains the descriptive statistics for the data set under review.

Table 5 Sample descriptive statistics

N Minimum | Maximum | Mean Std. Skewness Kurtosis
Deviation

Statistic | Std. Statistic | Std.
Error Error

KS | 419 | 0.0000 0.2323 0.0723 | 0.0538 0.595 0.119 | -0.339 | 0.238
1st

KS 419 | 0.0261 0.2517 0.1009 | 0.0386 0.799 0.119 | 0.665 0.238
2nd

MAD | 419 | 0.0164 0.1034 0.0433 | 0.0148 0.771 0.119 | 0.688 0.238
1st

MAD | 419 | 0.0172 0.1104 0.0431 | 0.0126 0.837 0.119 | 2.039 0.238
2nd

ROE | 419 | -13.1606 | 58.1998 | 0.4666 | 4.5056 9.748 0.119 | 106.828 | 0.238

Source: SPSS output

5.2 Results: Conformity to Benford’s Law
Benford’s Law was applied to the first digit and second digit of all numbers found in the

balance sheets and income statements of South African Schedule 2 SOEs. Conformity to
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Benford’s Law was calculated using the statistical methods described in section 4.3.7.2.3
(Kolmogorov-Smirnov) and 4.3.7.2.4 (MAD). As discussed in these sections, each test
method’s scores were compared against critical values for each test to determine conformity,
as discussed in sections 4.3.7.2.3 and 4.3.7.2.4. Non-conformity was found across all
Schedule 2 SOEs when the MAD test was applied to the first and second digit analyses.
Applying the Kolmogorov-Smirnov conformity test, all companies were found to conform to
Benford’s Law, except for a select few SOEs during a select number of years. Table 6 lists

the overall conformity results and Table 7 lists the individual non-conforming events of SOEs.

Based on the results, the null hypothesis, Hao: South African Schedule 2 SOEs do not conform

to Benford’'s Law, was rejected.

Table 6 Conformity results of South African Schedule 2 SOEs to Benford's Law (1990-2020)

Company Conformity to Benford's Law
KS 1st KS 2nd MAD 1st | MAD 2nd
Air Traffic and Navigation Service | Conformity Conformity | Non- Non-
Company conformity | conformity
Airports Company of South Africa | Conformity Conformity | Non- Non-
conformity | conformity
Alexkor Conformity Conformity | Non- Non-
conformity | conformity
Armscor Conformity Conformity | Non- Non-
conformity | conformity
Broadband Infraco Conformity Conformity | Non- Non-
conformity | conformity
Central Energy Fund Conformity Conformity | Non- Non-
conformity | conformity
Denel Conformity Conformity | Non- Non-
conformity | conformity
Development Bank of Southern Conformity Conformity | Non- Non-
Africa conformity | conformity
Eskom Conformity Conformity | Non- Non-
conformity | conformity
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Independent Development Trust | Conformity Conformity | Non- Non-
conformity | conformity
Industrial Development Conformity Conformity Non- Non-
Corporation of South Africa conformity | conformity
Land Bank Excluded Excluded Excluded | Excluded
South African Airways Conformity Conformity Non- Non-
conformity | conformity
South African Broadcasting Conformity Conformity | Non- Non-
Corporation conformity | conformity
South African Express Airways Conformity Conformity | Non- Non-
conformity | conformity
South African Forest Company Conformity Conformity | Non- Non-
conformity | conformity
South African Nuclear Energy Conformity Conformity | Non- Non-
Corporation conformity | conformity
South African Post Office Conformity Conformity | Non- Non-
conformity | conformity
Telkom South Africa Conformity Conformity | Non- Non-
conformity | conformity
Trans-Caledon Tunnel Authority Excluded Excluded Excluded | Excluded
Transnet Conformity Conformity | Non- Non-
conformity | conformity

Source: Nigrini Cycle output

Table 7 Non-conformity to Benford's Law events

Company

Test digit and year of non-conformity

Airports Company of South Africa

Non-conformity for KS 1st in 2014

Broadband Infraco

Non-conformity for KS 1st in 2015

Development Bank of Southern Africa

Non-conformity for KS 2nd in 1991,1995
Non-conformity for KS 1st in 2008, 2009

Eskom

Non-conformity for KS 2nd in 1991

Independent Development Trust

Non-conformity for KS 2nd in 2002,2005

South African Airways

Non-conformity for KS 2nd in 2001,2006
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South African Broadcasting Corporation Non-conformity for KS 1st in 2015

South African Nuclear Energy Corporation Non-conformity for KS 2nd in 1991

South African Post Office Non-conformity for KS 1st in 1996

Transnet Non-conformity for KS 1st in 1992

Nigrini Cycle output

5.3 Regression assumptions and analysis

The financial performance results (ROE) calculated from the balance sheets and conformity
scores calculated in sections 4.3.7.2.3 and 4.3.7.2.4 were pooled for the regression analysis,
where the relationship between the independent and dependent variables was examined.
Tests for homoskedasticity and heteroscedasticity were conducted on the data, using the
White, Modified Breusch-Pagan and F tests for heteroscedasticity. All three tests for
heteroskedasticity showed a significant presence of non-linear characteristics within the data
at a 0.05 level of significance, as shown in the sample calculation in Table 8 below. Observing
the plots of ROE versus conformity data, visually showed the presence of fan-shaped

heteroscedasticity (see Figure 1 in section 5.3.1).

Table 8 Tests for heteroscedasticity results

Tests for Heteroscedasticity a,b,c

White TestaP:c Modified Breusch-Pagan Test2P:<c F Testabc
Chi-Square | df | Sig. Chi-Square | df | Sig. F dfl | df2 | Sig.
6.361 2 10.042 | 6.069 1 0.014 6.13 |1 412 | 0.014

a. Dependent variable: ROE

b. Tests the null hypothesis that the variance of the errors does not depend on the values
of the independent variables.

c. Design: Intercept + MAD1st + MAD1st * MAD1st

Source: SPSS output

When the regression exercise was repeated with the data treated as homoscedastic, the
model returned comparable results to the heteroscedasticity analysis, although with an
incremental improvement in the adjusted R-squared value of 0.003 over the heteroscedastic
result of 0.001. Neither the heteroscedastic nor the homoscedasticity analyses produced a
statistically significant model expression for the relationships between the ROE and

conformity to Benford’s Law. The analysis continued to process the data as linear, ignoring
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non-linear characteristics, due to the slightly stronger linear nature of the data. A sample of
the similarity between the heteroscedastic analysis results compared to the homoscedastic

analysis results are shown below.

Table 9 Heteroscedastic model output

Heteroscedastic parameter estimates with robust standard errors
Dependent Variable: ROE

Parameter | B Ro- t Sig. 95% Partial Non- | Ob-
bust Confidence Eta cent. | served
Std. Interval Squared | Para- | Power
Error? Lower | Upper meter | P

Bound | Bound
Intercept 0.219 | 0.203 |1.082 |0.280 |-0.179 | 0.618 | 0.003 1.082 | 0.190

MAD1st -4.502 | 5.455 |-0.825 | 0.410 6.221 | 0.002 0.825 | 0.131

15.226

a. HC3 method
b. Computed using alpha = ,05

Source: SPSS output

Table 10 Homoscedastic model output

Homoscedastic parameter estimates
Dependent Variable: ROE

Parameter | B Std. t Sig. 95% Partial Non- | Ob-
Error Confidence Eta cent. | served
Interval Squared | Para- | Power
Lower | Upper meter | 2

Bound | Bound
Intercept 0.219 |0.172 |1.274 | 0.203 |-0.119 | 0.558 | 0.004 1.274 | 0.246

MAD1st -4.502 | 3.773 |-1.193 | 0.233 2.914 | 0.003 1.193 | 0.222

11.918

a. Computed using alpha = ,05

Source: SPSS output

Based on the regression results, this research fails to reject the second null hypothesis, Hgo:
Conformity to Benford’s Law is not a predictor of ROE for South African Schedule 2 SOEs.

The following sections of this chapter will present the regression results.

5.3.1 MAD 1st digit versus ROE model fit
An analysis was conducted on the first digit MAD scores for all the SOEs under study, against

the ROE for each year of those SOEs. The adjusted R squared shows that 0.1% of the
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variance in the dependent variable (ROE) is explained by the independent variable (MAD 1Y),
while the Durbin-Watson indicates the presence of a weak autocorrelation. With a P-value of
0.233, no statistically significant relationship was found between MAD 15t and ROE, at the
0.05 level. Analysing the coefficients, the MAD 15t has a weak and negative relationship to
the ROE, at a 0.05 level of significance. The null hypothesis Hgo: Conformity to Benford’s Law

is not a predictor of ROE for South African Schedule 2 SOEs, failed to be rejected.

The figure and tables below summarise the results of the empirical study of the relationship
between first digit MAD scores and ROE South African Schedule 2 SOEs.

Scatter Plot of ROE by MAD 1st
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Figure 1 Scatter plot of MAD first digit analysis versus ROE
Source: SPSS output
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Table 11 Model summary of MAD 1 first digit analysis versus ROE model

Model Summary: MAD 15t digit versus ROE

Adjusted R | Std. Error of the
R R Square Square Estimate Durbin-Watson
0.059 0.003 0.001 1.130 1.686

a. Predictors: (Constant), MAD 1st

b. Dependent Variable: ROE

Source: SPSS output

Table 12 ANOVA of MAD 1 first digit analysis versus ROE model

ANOVA of MAD 1st versus ROE

Sum of Mean
Squares df Square F Sig.
Regression 1.820 1 1.820 1.424 .233P
Residual 526.470 412 1.278
Total 528.290 413
a. Predictors: (Constant), MAD 1st
b. Dependent Variable: ROE
Source: SPSS output
Table 13 Model coefficients for MAD 1 first digit analysis versus ROE model
Coefficients
Unstandardised Standardised 95,00  Confidence
Coefficients Coefficients Interval for B
Std. Lower Upper
B Error Beta t Sig. Bound Bound
(Constant) | 0.219 | 0.172 1.274 |0.203 | -0.119 0.558
MAD 1st -4.502 | 3.773 -0.059 -1.193 | 0.233 | -11.918 2.914

a. Dependent Variable: ROE

Source: SPSS output
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Table 14 Model residuals of MAD 1 first digit analysis versus ROE model

Residual statistics

Minimum Maximum Mean Std. Deviation | N

Predicted Value | -0.246 0.145 0.025 0.066 414
Residual -13.034 8.971 0.000 1.129 414
Std.  Predicted | -4.084 1.814 0.000 1.000 414
Value

Std. Residual -11.530 7.936 0.000 0.999 414
a. Dependent Variable: ROE
Source: SPSS output
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Figure 2 Histogram of ROE frequencies against MAD first digit analysis scores

Source: SPSS output
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5.3.2 ROE and MAD 2" digit

An analysis was conducted on the second digit MAD scores for all the SOEs under study, in
relation to the ROE for each year of those SOEs. The adjusted R squared shows that 0.2%
of the variance in the dependent variable (ROE) is explained by the independent variable
(MAD 2M), while the Durbin-Watson indicates the presence of a weak autocorrelation. With
a P-value of 0.985, no statistically significant relationship was found between MAD 2" and
ROE, at the 0.05 level. Analysing the coefficients, the MAD 2" has a weak and positive
relationship to the ROE, at a 0.05 level of significance. The null hypothesis Hgo: Conformity
to Benford’s Law is not a predictor of ROE for South African Schedule 2 SOEs, failed to be

rejected.

The figure and tables below summarise the results of the empirical study of the relationship
between first digit MAD scores and ROE of South African Schedule 2 SOEs.
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Figure 3 Scatter plot of MAD second digit analysis versus ROE

Source: SPSS output
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Model Summary

Durbin-
R R Square A(ggifr%R Std. Error of the Estimate Watson
0.001 0.000 -0.002 | 1.132 1.680
a. Predictors: (Constant), MAD 2
b. Dependent Variable: ROE
Figure 4 Model summary for MAD second digit analysis versus ROE
Source: SPSS output
ANOVA
Sum of | df Mean Square F Sig.
Squares
Regression 0.000 1 0.000 0.000 0.985
Residual 528.289 412 1.282
Total 528.290 413
a. Predictors: (Constant), MAD 2
b. Dependent Variable: ROE
Figure 5 ANOVA of MAD second digit analysis versus ROE
Source: SPSS output
Coefficients
Unstandardised Standardised 95,0% Confidence
Coefficients Coefficients Interval for B
B Std. Beta Lower Upper
Error t Sig. Bound | Bound
(Constant) | 0.021 0.198 0.107 0.914 -0.368 | 0.411
MAD 2nd 0.084 4.411 0.001 0.019 0.985 -8.587 | 8.755

a. Dependent Variable: ROE

Figure 6 Model coefficients of MAD second digit analysis versus ROE model
Source: SPSS output
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Residuals Statistics

Minimum Maximum Mean Std. Deviation N
Predicted Value 0.023 0.031 0.025 0.001 414
Residual -13.185 8.939 0.000 1.131 414
Std. Predicted Value -2.047 5.324 0.000 1.000 414
Std. Residual -11.644 7.895 0.000 0.999 414

a. Dependent Variable: ROE

Figure 7 Residual statistics for MAD second digit analysis versus ROE model

Source: SPSS output
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Figure 8 Histogram of ROE frequencies against MAD second digit analysis scores

Source: SPSS

46




5.3.3 ROE and KS 18t digit

An analysis was conducted on the first digit KS scores for all the SOEs under study, in relation
to the ROE for each year of those SOEs. The adjusted R squared shows that 0.5% of the
variance in the dependent variable (ROE) is explained by the independent variable (MAD
2nd) while the Durbin-Watson indicates the presence of a weak autocorrelation. With a P-
value of 0.082, no statistically significant relationship was found between KS 1st and ROE, at
the 0.05 level. Analysing the coefficients, the KS 15t has a weak and positive relationship to
the ROE, at a 0.05 level of significance. The null hypothesis Hgo: Conformity to Benford’s Law
is not a predictor of ROE for South African Schedule 2 SOEs, failed to be rejected.

The figure and tables below summarise the results of the empirical study of the relationship
between first digit KS 1st scores and ROE South African Schedule 2 SOEs.

Model Summary

R R Square Adjusted R | Std. Error of the Estimate Durbin-
Square Watson
0.086 0.007 0.005 1.128 1.650

a. Predictors: (Constant), KS 1st
b. Dependent Variable: ROE

Figure 9 Model summary for Kolomogorov-Smirnov first digit analysis versus ROE
Source: SPSS output
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Dependent Variable: ROE

R? Lingar =0

10.00

-10.00

Regression Standardized Residual

-15.00

-2 -1 0 1 2 3

Regression Standardized Predicted Value

Figure 10 Scatter plot of Kolomogorov-Smirnov first digit analysis versus ROE
Source: SPSS output

ANOVA
Sum of Squares | df Mean Square F Sig.
Regression 3.876 1 3.876 3.045 0.082
Residual 524.413 412 1.273
Total 528.290 413

a. Predictors: (Constant), KS 1st

b. Dependent Variable: ROE

Figure 11 ANOVA of Kolomogorov-Smirnov first digit analysis versus ROE
Source: SPSS output
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Coefficients
Unstandardised Standardised 95,0%
Coefficients Coefficients Confidence
Interval for B
B Std. Beta Lower | Upper
Error t Sig. Bound | Bound

(Constant) |-0.105 | 0.093 -1.129 |0.260 |-0.287 |0.078
KS 1t 1.802 1.033 | 0.086 1.745 |0.082 |-0.228 |3.833
a. Dependent Variable: ROE

Figure 12 Model coefficients for Kolomogorov-Smirnov first digit analysis versus ROE model
Source: SPSS output

Residuals Statistics
Minimum Maximum Mean Std. Deviation | N

Predicted -0.105 0.314 0.025 0.097 414
Value

Residual -13.056 8.716 0.000 1.127 414
Std. Predicted | -1.337 2.985 0.000 1.000 414
Value

Std. Residual | -11.572 7.725 0.000 0.999 414
a. Dependent Variable: ROE

Figure 13 Residual statistics for Kolomogorov-Smirnov first digit analysis versus ROE model

Source: SPSS

output

Model Summary

Model |R R Square Adjusted R Square | Std. Error of the | Durbin-
Estimate Watson
1 1422 0.020 0.015 4.471 2.140

Figure 14 Model summary of Kolomogorov-Smirnov first digit analysis versus ROE

Source: SPSS
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ANOVA
Sum of Squares df Mean F Sig.
Square
Regression 171.231 2 85.615 4.284 .014pb
Residual 8314.428 416 19.987
Total 8485.659 418

Figure 15 ANOVA of Kolomogorov-Smirnov first digit analysis versus ROE
Source: SPSS output

5.3.4 ROE and KS 2" digit

An analysis was conducted on the second digit KS scores for all the SOEs under study, in
relation to the ROE for each year of those SOEs. The adjusted R squared shows that 0.2%
of the variance in the dependent variable (ROE) is explained by the independent variable (KS
2nd) while the Durbin-Watson indicates the presence of a weak autocorrelation. With a P-
value of 0.902, no statistically significant relationship was found between KS 2" and ROE, at
the 0.05 level. Analysing the coefficients, the KS 2"d has a weak and positive relationship to
the ROE, at a 0.05 level of significance. The null hypothesis Hgo: Conformity to Benford’s Law

is not a predictor of ROE for South African Schedule 2 SOEs, failed to be rejected.

The figure and tables below summarise the results of the empirical study of the relationship
between first digit MAD scores and ROE South African Schedule 2 SOEs.

Model Summary

R R Square Adjusted R Std. Error of the Estimate Durbin-
Square Watson
0.006 0.000 -0.002 1.132 1.680

a. Predictors: (Constant), KS 2nd

b. Dependent Variable: ROE

Figure 16 Model summary for Kolomogorov-Smirnov second digit analysis versus ROE
Source: SPSS output
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Figure 17 Scatter plot of Kolomogorov-Smirnov second digit analysis versus ROE

Source: SPSS output
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Histogram
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Figure 18 Histogram of ROE against Kolomogorov-Smirnov second digit analysis scores

Source: SPSS output

ANOVA
Sum of df Mean Square F Sig.
Squares
Regression 0.019 1 0.019 0.015 0.902
Residual 528.270 412 1.282
Total 528.290 413

a. Predictors: (Constant), KS 2nd

b. Dependent Variable: ROE

Figure 19 ANOVA of Kolomogorov-Smirnov second digit analysis versus ROE

Source: SPPS output
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Coefficients

Unstandardised Standardised 95,0%
Coefficients Coefficients Confidence

Interval for B

B Std. Beta Lower Upper

Error t Sig. Bound | Bound

(Constant) | 0.007 0.157 0.044 | 0.965 -0.301 | 0.315
KS 2nd 0.179 1.459 0.006 0.123 0.902 -2.689 | 3.047

a. Dependent Variable: ROE

Figure 20 Model coefficients of Kolomogorov-Smirnov second digit analysis versus ROE
model
Source: SPPS output

Residuals Statistics

Minimum Maximum Mean Std. Deviation | N
Predicted 0.012 0.052 0.025 0.007 414
Value
Residual -13.188 8.939 0.000 1.131 414
Std. Predicted | -1.947 3.962 0.000 1.000 414
Value
Std. Residual | -11.646 7.894 0.000 0.999 414

a. Dependent Variable: ROE

Figure 21 Residual statistics of Kolomogorov-Smirnov second digit analysis versus ROE
model
Source: SPPS output

5.4 Chapter 5 conclusion

The Kolmogorov-Smirnov and MAD tests were used to determine the conformity of the
balance sheet and income statement, of the first and second digits, to Benford’s Law. South
African Schedule 2 SOE financial data was found to conform to Benford’s Law using the
Kolmogorov-Smirnov tests, whereas the MAD test showed non-conformity in all results. This

resulted in the rejection of the first null hypothesis.
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When testing for the relationship between SOE performance (ROE) and conformance to
Benford’s Law, assumptions of heteroscedasticity and heteroscedasticity were addressed.
Non-linear characteristics of the data tested as significant, using the White, Modified Breusch-
Pagan and F tests for heteroscedasticity. However, since the correlation analyses performed
marginally better when the data was treated as linear, the analyses ensued as linear and the
effects on non-linearity were ignored. The regression found no significant relationship
between conformity to Benford’s Law and SOE performance, at a 0.05 significance level and
the second hypothesis failed to be rejected. A detailed discussion of the results is unpacked

in Chapter 6.
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6 Discussion of results

This chapter discusses the results presented in Chapter 5, organised in terms of research
hypothesis formulated in Chapter 3 and provides thorough insights and relevance of the
results in the context of the problem statement and literature review of Chapters 1 and 2,
respectively. Implications related to the analysis approach and quality assurances presented

in Chapter 4 are outlined and provide the potential for future research.

6.1 Hypothesis 1: Conformity of South African Schedule 2 SOEs to Benford’s Law
6.1.1 Relevance Schedule 2 SOE conformity results to the research problem
According to the OECD (2018), high standards of corporate governance at SOEs are
essential for stable and reliable economic growth, as SOEs have a direct impact on the lives
of ordinary citizens, through the provision of services and infrastructure (Auditor-General of
South Africa, 2018). As the relevance of SOEs in the global economy is expected to increase,
as countries build the base off which they compete for future markets (PwC, 2015), the
importance of a practical and implementable audit tool, which serves as a check for corporate
governance quality, becomes increasingly important. Many developing nations, including
South Africa, suffer the burden of financial irregularities within their SOEs (Cella & Zanolla,
2018; Chitiga-Mabugu et al., 2021b; Hashimova & Kadyrov, 2017; Rodrigues da Cunha &
Bugarin, 2015), which threatens the stability and growth of their economies (OECD, 2018;
Thomas, 2012), despite the existence of current audit and corporate governance measures
in place (Baum et al., 2019).

While the application of Benford’s Law is a widely accepted tool for auditing the veracity of
data sets (Azevedo et al., 2021), it is application on SOEs is scantly reported in the literature,
which represented an opportunity for this research to augment existing screening and

detection methods.

6.1.2 Relevance Schedule 2 SOE conformity results to the literature

As discussed in section 2.3, Benford’s Law has been broadly adopted to audit data sets in
the field of financial auditing (Cella & Zanolla, 2018; Fairweather, 2018; Horton et al., 2020;
Nigrini, 1999, 2012, 2015, 2017, 2019). While literature typically studies the effectiveness of
Benford’s Law in POEs, recent literature has begun to study its application in SOEs. However,
examples of these studies in African and South African environments are scant. The most

recent peer-reviewed study of Benford’s Law on South African companies was published in
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2006 and reviewed the conformity of Johannesburg Stock Exchange listed companies, over
a five-year period (Saville, 2006).

This research built on the work in Saville’s 2006 publication, however focused on Schedule 2
SOEs and widened the timeframe from 1990 to 2020, thus adding to the scant research on

the effectiveness of Benford’s Law in a SOE setting as well as in an African context.

6.1.3 Hypothesis testing and discussion of schedule 2 SOE conformity results
The Kolmogorov-Smirnov and MAD methods were used to test the first hypothesis of the
study:

Hao: South African Schedule 2 SOEs do not conform to Benford’s Law.

The Kolmogorov-Smirnov test provided a unique critical value for each observation tested,
resulting in more granular criteria of conformity of the results, in addition to being a robust
method for evaluating deviations in smaller samples (Bryman & Liao, 2021). The Kolmogorov-
Smirnov method found conformity of South African SOE financial data to Benford’s Law in
96.42% of the records. A limitation of the Kolmogorov-Smirnov method is that it ignores the

effects of industry type in its evaluation.

To overcome the effects of the industry type, the MAD test was employed. Published critical
values for the MAD test were derived empirically across a large mixed data set and were
categorised into four decision-making thresholds (Nigrini, 2012). The MAD test method found
non-conformity in 100% of the observations. The literature does not provide reasons for
polarising results between the MAD and Kolmogorov-Smirnov test methods, however,
according to the meta-analysis by Nigrini (2012), the MAD test provides the most reliable

conformity results for Benford’s Law when compared to other conformity tests.

Therefore, the researcher failed to reject the first hypothesis of this study. Reviewing the
hypothesis test and considering the literature review in Chapter 2, this study corroborated
findings that inferior quality of financial statements (Auditor-General of South Africa, 2021)
and poor SOE performance links to disproportionately misrepresented financial data in SOEs
(Baum et al.,, 2019; Chitiga-Mabugu et al., 2021; OECD, 2018). A possible solution for

increasing the conformity of South African SOE financial statements to Benford's Law (and
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thereby better represent the financial status of SOEs) would be to increase stability in key
roles (Auditor-General of South Africa, 2021) and deter the negative effects of agency theory
by linking SOE CEO remuneration to a financial performance metric like ROE (Bussin &
Ncube, 2017).

6.2 Hypothesis 2: Conformity of to Benford’s Law as predictor of ROE

6.2.1 Relevance of conformity to Benford’s Law as predictor of ROE, to the research
problem and literature

The Kolmogorov-Smirnov and MAD test scores were regressed against ROE to test the

second hypothesis of the study:

Hgo: Conformity to Benford’s Law is not a predictor of ROE for South African Schedule
2 SOEs.

As discussed in section 2.6, financial measures offer up a simplistic indication of a company’s
performance. Triangulating the findings of the Auditor-General of South Africa (2021) which
show a major issue of Schedule 2 SOEs is a lack of consistent leadership, with findings from
Bussin & Ncube (2017) that show rent seeking CEOs are prone to resorting to earnings
management especially under weak principal-agent relationships, is captured by non-
conformity of SOEs to Benford’s Law. The described relationship between financial
performance (ROE) and Benford’s Law can be visualised for the different conformity tests,
with expected plot distributions produced from first principles in Figure 22 and Figure 23 in

the following sections.

6.2.2 ROE versus Kolmogorov-Smirnov conformity test results discussion

The expected distribution of ROE versus the Kolmogorov-Smirnov scores is negative
(downward left to right) slope. From first principles, and assuming the sample size of all
observations are equal (therefore have equal critical values), higher values for ROE are
associated with lower Kolmogorov-Smirnov scores. As the Kolmogorov-Smirnov increases
signalling a decrease in conformity to Benford’s Law, ROE is expected to decrease. The
figure below illustrates this. However, since the real-world data contains different sample
sizes, the critical score for each observation changes resulting in a more loosely arranged
distribution. Kolmogorov-Smirnov’s sensitivity to high values of N can be ignored as the study

contains smaller sample sizes.
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Expected relationship between Kolmogorov-Smirnov score & ROE

High N region (ignored)

ROE

Kolmogorov-Smirnov Conformity Score

L 4

Figure 22 Expected ROE versus Kolmogorov-Smirnov distribution from first principles

Source: Author’s own

The observed results showed a slight negative relationship between ROE and KS 15t and KS
2nd although these relationships were not significant at the 0.05 significance level, as
demonstrated in sections 5.3.3 and 5.3.4. ROE data did not follow a predictable and orderly
relationship. Limitations and implications of ROE data used in this study is discussed in the
latter section 6.2.3.1. The null hypothesis Hgo: Conformity to Benford’s Law is not a predictor
of ROE for South African Schedule 2 SOEs, failed to be rejected.
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Figure 10 Scatter plot of Kolomogorov-Smirnov first digit analysis versus ROE

6.2.3 ROE versus MAD conformity test results discussion

Unlike the Kolmogorov-Smirnov test, the MAD test produces critical values independent of
industry type and sample size (Amanda Bowman, 2016), in addition to categorising the
degree of conformity into four threshold regimes (Nigrini, 2012). As the MAD score increases,
conformity to Benford’s Law decreases. Building on the ROE performance argument
developed in section 6.2.1 above, a first principles approach to the relationship between MAD
scores and a dependent variable derives a negatively sloped distribution. Translated to this

study, the author expected ROE to decrease as MAD scores increased, as the figure below

illustrates.
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Expected relationship between MAD score & ROE
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™
MAD Conformity Score

Figure 23 Expected ROE versus MAD distribution from first principles
Source: Author’s own

The observed results showed a slight negative relationship between ROE and MAD 15t and
MAD 2", although these relationships were not significant at the 0.05 significance level, as
demonstrated in sections 5.3.1 and 5.3.2. From the data, the distribution of conformity was
confined to a singular regime (non-conformity) for both the first digit and second digit analysis.
ROE data did not follow a predictable and orderly relationship. Limitations and implications of
ROE data used in this study are discussed in the latter section 6.2.3.1. Similar to the
Kolmogorov-Smirnov regression, the null hypothesis Hgo: Conformity to Benford’s Law is not
a predictor of ROE for South African Schedule 2 SOEs, failed to be rejected when MAD was
regressed against ROE.
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Figure 17 Scatter plot of Kolomogorov-Smirnov second digit analysis versus ROE
Source: SPPS output

6.2.3.1 Issues around ROE data

As discussed in section 2.6.4, ROE is a comprehensive measure of a company’s financial
efficiency as a direct function of operational and investment decisions. Given its widely
adopted use to use in the study of SOE financial performance (Zhang et al., 2017) and its
statistical link to reduced agency costs in South African SOEs (Bussin & Ncube, 2017), it was

selected as an appropriate performance measure for this study.

However, in the absence of published ROE results for South African Schedule 2 SOEs on
credible and reliable platforms like Iress, OSIRES and TimbukOne, the researcher calculated
ROE for each SOE from the respective balance sheets. ROE was consistently calculated as
the quotient between Profit After Interest and Tax to Total Equity, which is consistent with the

theoretical definition of the ratio of Net Income to Equity (Bunea et al., 2019).

The analysis showed some SOEs had ROEs of several hundreds of per cent to less

commonly found several thousands of per cent. A study by Marimuthu (2019), studying the
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ROE of South African SOEs presented similar findings in their research. Additionally, the
analysis presented positive ROE figures originating from a negative numerator and negative
denominator. While arithmetically a positive result is correct, in practice a positive ROE
resulting from negative net income and negative equity does not result in a return, nor is the
result comparable to ROEs generated from positive net income and positive equity. This

finding raised concerns over the ROE metric calculated from balance sheets.

6.3 Chapter conclusion

Both null hypotheses, Hao and Hgo, failed to be rejected in the study. Therefore, the researcher
concluded that financial statements of South African Schedule 2 SOEs, did not conform to
Benford’s Law and no statistically significant relationship existed between conformity to
Benford’s Law and financial performance. However, conformity to Benford’s Law could not
significantly describe ROE performance at a 0.05 significance level. Reliability issues related
to the calculated ROE are described in section 6.2.3.1 and could have an impact on the

significance of the regression model.

The Kolmogorov-Smirnov method found conformity of South African SOE financial data to
Benford’s Law in 96.42% of the records, whereas the MAD method found non-conformity in
100% of records. The researcher followed the guidance set out in a meta-analysis (Nigrini,
2012), stating that the MAD test method provides the most reliable conformity results for

Benford’s Law.
Furthermore, the non-conformity analysis corroborates the findings from the Auditor-General

of South Africa (2021) and Bussin & Ncube (2017), in that weak audit of South African SOEs,

due to weak principal-agent relationships, are related to poor SOE financial performance.
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7 Conclusion

This chapter highlights the main findings of the research and addresses the research
guestions. The argument of the need for this research was developed in Chapter 1, where
the researcher demonstrated the importance of SOEs in the global economy and honed in
on the importance of South African Schedule 2 SOEs in the economic development of South
Africa. Furthermore, Chapter 1 explored the far-reaching implications of poor financial
performance of SOEs, as highlighted by the Auditor-General of South Africa (2021), despite
the current suite of audit tools and corporate governance policies available. Benford’s Law, a
widely accepted mathematical law was introduced in Chapter 1, as a sparsely applied tool in
South Africa. The last peer-reviewed publication of Benford’s Law in a South African setting
was in 2006, which studied its effectiveness as an audit tool for Johannesburg Stock
Exchange listed companies between 1998 and 2002. This provided an opportunity for an
updated study in the South African context, which widened the time horizon and extended

the research to SOEs.

Chapter 2 reviewed the literature on Benford’s Law and found applications for its use has
extended outside of the accounting and economics realm (Nigrini, 2015, 2019) with novel
application in sophisticated computer regression analysis (Suh et al., 2011), geotechnical
detection of earthquakes (Sambridge et al., 2010) and in machine learning methods to detect
contaminated or malicious social media content (Madahali & Hall, 2020; Nowroozi et al.,
2021). Despite the spill over of applications for Benford’s Law outside of accounting and
economics, South Africa and Africa were slow to adopt it for its original purpose as a forensic

auditing tool.

The lack of application of Benford’s Law in South Africa led to the development of research
guestions in Chapter 3, pertaining to the applicability of conformity to Benford’s Law by South
African Schedule 2 SOEs and extended the study by including triangulating conformity to
Benford’s Law to financial performance. These research questions were addressed in the

form of testable hypotheses, with the analyses methodology developed in Chapter 4.

Chapter 5 presented the results of the analyses and completed the hypothesis testing, while
Chapter 6 provided thorough insights and relevance of the results in the context of the

problem statement and literature review.
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This chapter will conclude the research report and present the findings as they relate to the
literature, thereby effectively addressing the research questions. The chapter will also provide
implications to stakeholders based on the findings, limitations of the results, and

recommendations for future research.

7.1 Findings

Both null hypotheses, Hao and Hgo, failed to be rejected in the study, concluding that financial
statements of South African Schedule 2 SOEs do not conform to Benford’s Law and
conformity to Benford’s Law could not significantly describe ROE performance at a 0.05

significance level. The research hypotheses are restated below:

Hao: South African Schedule 2 SOEs do not conform to Benford’s Law.

Hgo: Conformity to Benford’s Law is not a predictor of ROE for South African Schedule
2 SOEs.

Considering Hao, where the Kolmogorov-Smirnov conformity test and the MAD conformity
test produced polarising results, the research followed the guidance set out in a meta-analysis
by Nigrini (2012), stating that the MAD test method provided the most reliable conformity
results for Benford’s Law. Thus, with 100% non-conformity to Benford’s Law as determined
by the MAD conformity test, the researcher failed to reject Hao. Chapter 2 discussed the
existence of poor audit quality and its relation to poor principal-agent relationships in SOEs,
as well as the existence of these poor relationships within South African SOEs. The non-
conformity presented in the analysis, corroborates the findings from the Auditor-General of
South Africa (2021) and Bussin & Ncube (2017), showing weak audit quality of 19 Schedule
2 SOEs persistently exist in weak principal-agent relationship environments.

Evaluating Hgo, the observed results showed a slight negative relationship between ROE and
conformity tests for the first and second digit analysis, using both MAD and Kolmogorov-
Smirnov conformity tests. Although these relationships were expected to be negatively
correlated, the relationships were statistically significant at the 0.05 significance level, as

demonstrated in sections 5.3.1 and 5.3.2.
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Reliability issues related to the calculated ROE are described in section 6.2.3.1 and could
have an impact on the significance of the regression model. A reason for the lack of significant
correlation between ROE and conformity to Benford’s Law is discussed in section 6.2.3.1,
where arithmetic issues relating to the calculation of ROE are believed to negatively impact
the model, as well as concerns regarding the reliability of ROEs in the range of several
hundreds of a per cent and several thousand of a per cent. The analysis under Hgo reinforces
the findings under Hao, highlighting concerns of accounting misrepresentation in South
African Schedule 2 SOEs.

7.2 Theoretical contribution

Despite the advances of applications for Benford’s Law outside of accounting and economics,
South Africa and Africa were slow to adopt as a forensic auditing tool. As discussed in Chapter
1, the most recent peer-reviewed study of Benford’s Law on South African companies was
published in 2006 and reviewed the conformity of Johannesburg Stock Exchange listed
companies, over a five-year period (Saville, 2006). Despite the lack of coverage on Benford’s
Law in South Africa, most of it is application on SOEs are focused on China. Therefore, this
research will add to the limited application of Benford Law on SOES, re-initiate the study of
Benford’s Law in the South African context and expand the study time horizon on the existing

study by Saville from five years to 30 years.

7.3 Implications on findings
Four implications of the study results were identified and their impact on stakeholders are

discussed below.

7.3.1 Effectiveness of Benford’s Law for detecting accounting misrepresentations in
South African SOEs
The purpose of this study was to determine whether Benford’s Law is a suitable test method
for detecting accounting misrepresentations in South African Schedule 2 SOEs. Through the
research analysis design in Chapter 4, hypothesis testing of Hao using the results in Chapter
5, the research has shown Benford’s Law is an effective method for detecting accounting
errors in South African Schedule 2 SOEs. A direct implication exists for the office of the
Auditor General of South Africa (AGSA), who spends significant resources monitoring and

auditing SOEs. Being easily implementable, Benford's Law would enable the AGSA to form
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quick inferences of SOE financial data, allowing a more robust audit sample to be taken for
scrutiny. The AGSA would also be able to inform third-party auditors of SOEs of flagged data
to investigate more thoroughly.

7.3.2 Fill the time-lag gap of financial acts and corporate governance

As discussed in Chapter 1, acts and corporate governance guidelines are slow to take effect,
can be costly to develop, and are only implementable some years after the identification of
the problem they set out to solve. Benford’s Law would offer authoritative bodies an

immediate insight into misrepresentations, without the need for costly investigations.

7.3.3 Policymaking

Section 2.7.1 describes issues of agency theory costs where principals (politicians) induce
agents (CEOSs) to act in a manner that benefits the principal to the detriment of the SOE
(Bussin & Ncube, 2017; Carlson & Bussin, 2020). If conformity to Benford's Law of SOE
financials were created as government policy, it would reduce the agency costs associated
with principal-agent relations, as Benford’s Law would flag accounting misrepresentations.
This would reduce external pressures faced by SOE CEOs and allow them to focus on the
efficient operation of the SOE. The public and the economy would also benefit from this policy
arrangement, as service delivery would improve and stable infrastructure to support

economic growth develops.

7.3.4 Competitive SOEs

As discussed in section 2.5, the relevance of SOEs in the global economy is expected to
increase, as countries continue to compete for a share of future markets (OECD, 2018; PwC,
2015) and that when run effectively, SOEs perform as well as POEs. This implication is linked
to section 7.3.3 above. Should Benford’s Law alleviate agency costs experienced by CEOs,
South African SOEs would be able to compete with POESs, thereby offering reliable and cost-
effective alternatives to the market, increasing access and variety. It would also allow SOEs

to attract a more skilled workforce, increasing innovation and efficiencies.

7.4 Limitations

Three limitations of the study results were identified and are discussed below.
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7.4.1 Issues of homoscedacity and heteroscedasticity in the analysis

Issues of homoscedacity and heteroscedasticity and their subsequent effects on model
outputs were discussed in section 4.3.8. The White, Modified Breusch-Pagan and F tests for
heteroscedasticity showed a significant presence of non-linear characteristics within the data
at a 0.05 level of significance. Despite the presence on non-linear characteristics, the analysis
continued to process the data as linear, ignoring non-linear characteristics, due to the slightly
stronger linear nature found in the incremental improvement in the adjusted R-squared value

of 0.003 over the heteroscedastic result of 0.001.

As discussed in section 7.4.3, issues pertaining to the reliability of inconsistencies found in
ROE measures calculated from SOE balance sheets have a direct effect on the model
significance and inserted ambiguity around issues of heteroscedasticity and homoscedacity,
which is a limitation of this study. An opportunity presents for future research to find a more
reliable financial performance measure for South African SOEs, or to find a different way of
determining it, which definitively overcomes the ambiguity of heteroscedasticity and
heteroscedasticity present in the data set of this research. A model which presents a
significant relationship between financial statement quality and SOE performance would be
of importance to policy makers, auditors, investors, and the public.

7.4.2 Missing data

The time horizon of this study spanned from 1990 to 2020. However, not all the financials for
all SOEs were available and some SOEs were missing financials between reported years.
Josse & Reiter (2018) stated that missing data from large databases, such as the data base
utilised in this research, could be missing by design. Nonetheless, missing data from large
data sets which rely on a few variables (like ROE), could output meaningless results with
insignificant inferences to be drawn. The issue of missing data is a limitation of this study and
provides an opportunity for future research to better manage the effects of missing data
through methods like imputation or integrating likelihoods to overcome the effects of missing

data.

7.4.3 ROE
As discussed in section 2.6.4, ROE is a comprehensive measure of a company’s financial
efficiency as a direct function of operational and investment decisions and is widely adopted

to study the financial performance of SOEs (Zhang et al., 2017). However, in the absence of
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published ROE results for South African Schedule 2 SOEs on credible and reliable platforms
like Iress, OSIRES and TimbukOne, the researcher calculated ROE for each SOE from the
respective balance sheets. ROE was consistently calculated as the quotient between Profit
After Interest and Tax to Total Equity, which is consistent with the theoretical definition of the
ratio of Net Income to Equity (Bunea et al., 2019).

The analysis showed some SOEs had ROEs of several hundreds of per cent to less
commonly found several thousands of per cent. A study by Marimuthu (2019), examining the
ROE of South African SOEs presented similar finds in their research. Additionally, the
analysis presented positive ROE figures originating from a negative numerator and negative
denominator. While arithmetically a positive result is correct, in practice a positive ROE
resulting from negative net income and negative equity does not result in a return, nor is the
result comparable to ROEs generated from positive net income and positive equity. This
finding raised concerns over the ROE metric calculated from the balance sheets. Further
research is required to overcome the limitation of unreliable South African Schedule 2 SOE

ROE data to develop more definitive results.
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Appendix 1 Data base used
Table 4 Summary of the data sources and type

Iress Balance sheets and income statements

Iress ROE calculation from balance sheets
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