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ABSTRACT

Benford’s Law (BL) was discovered separately by Simon Newcomb in 1881 and Frank Benford in 1938.
The law states that naturally occurring numbers do not have an equal chance of happening. Lower digits occur more
frequently that do the higher digits. Such distribution properties extend valuable usefulness in assessing the quality of
number sets. This work utilized the law to assess the foreign investors’ confidence in Philippine stock market, working on

the null that the volatility of net foreign buys of stocks should not depart from the BL pattern.

Employing chi-squared and ordinary least squares methods, this study found that the data set conforms to
Benford’s Law at 99% level of confidence, lending some evidence that the volatility of foreign buys of Philippine stocks

stays at a stable level, which is interpreted as foreign investors’ confidence and trust in the focal market.
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INTRODUCTION
A Short History

Common intuition tells that numbers or numerical digits that exist in reality happen at random, and thus they each
have an equal chance of occurring. However, Simon Newcomb thinks otherwise based on his discovery and published
work “Note on the Frequency of Use of the Different Digits in Natural Numbers” in 1881 (Endress, 2014). In 1938, Frank
Benford, after whose name the law became famous, separately discovered that lower digits occur more frequently than
higher digits. He published this observation in“ The Law of Anomalous Numbers” (Lynch,2008; Li et al., 2015), backing it
up with test results on, among others, surface areas of rivers, heat and molecular weights, street addresses and entries on
math books (Hill,1995). Many scholars, after having been introduced to Benford’s Law (BL), contributed their effort for its

better understanding such as its scale-invariance property (Pinkham, 1961) and base-invariance property (Hill, 1995).

In 1984, Mark Nigrini demonstrated its power to detect anomalies, calling it digital analysis. Since then, BL found
its way in areas where it could be useful. This work is pursued along that spirit, intending to use it to evaluate foreign
investors’ confidence in Philippine stock market through the assessment of the daily foreign stock buys report. It may

benefit foreign and domestic analysts, current and prospective investors, and academicians.
The 1% Digit Benford’s Law (1BL)

According to the 1BL, the first digits of numbers follow a distribution where the lower digits occur more
frequently than do the higher digits, that is, the lower digits have greater probability of occurrence than the higher digits.

More formally, it is given by:
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P; =logy (1 + %);for d=1,..9 1)
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Figure 1 shows a monotonically decreasing curve (Lee et al., 2010) with the corresponding frequency values

computed from either (1) or (2).
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Figure 1: Benford's Law

LITERATURE REVIEW AND HYPOTHESIS

Benford’s Law in Various fields

BL has been and continues to be of benefit to a vast array of human endeavor. For example, in instrumentation
and signaling, BL was utilized to form a model that distinguishes noise from information (Li et al., 2015). In accounting
and finance, Amiram et al. (2015) pioneered the application of BL test on financial statement (FS) line items. Quite a
number also made use of BL to investigate some facets of the stock market. Ley (1996) studied the stock return and found
BL conformance at 10-100% return range. Chun-khai (2012) used Benford's Law to measure trading volume volatility.
Karavardar (2014) studied the Istanbul stock market, employing Benford’s Law. By using monthly gains and losses using
two currencies as base, he found that returns conform to BL, suggesting that the market data is free of unnatural
contamination. In computing, Endress (2014) analyzed auction prices available in a virtual game, and found that prices

taken individually are not related but as a whole conform to BL.
Philippine Stock Exchange

On its website, the Philippine Stock Exchange (PSE, 2016) recounts its birth from the Makati Stock Exchange and
Manila Stock Exchange in 1992. It initiated its modernization with its computerization in 1993, followed by its one price-
one market slogan in 1994, events which were reinforced by Philippine Securities and Exchange Commission’s (SEC)
granting it a self-regulatory organization status that allows it to frame its own policy and sanction its erring members. The
year 2005 marked an ever stronger push towards modernization, with its adoption of online daily disclosure system
(ODiSy) and PSE trade in 2010 that replaced Maktrade software of 1995. Finally, in 2013, the development of Electronic
Disclosure Generation Technology (EDGE) signaled PSE’s commitment to stay at the forefront of modern stock trading.
At a float adjusted market capitalization of PhP 3,373,124,828,070.53 (USD 72.5 hillion) as of June 13, 2016, Philippine
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stock market is undeniably an attractive hunting grown for profit. The PSE index (PSEi), composed of 30 blue chips, is the
best approximation of the stock market (PSE, 2016)

Hypothesis

Trust or confidence between transacting parties is very important in the conduct of business. It never fails to draw
interest, be it in its attitudinal-behavioral aspect (Ashnai et al., 2016), as a factor of operational performance (Shi and Liao,
2015), or its influence on tax compliance (Gobena and Van Dijke, 2016). In investing, it also plays a vital role since
investors place their money where their trust is. Generally, they gravitate toward trusted assets or portfolio of assets and
quite obviously, the reverse is also true. When investors decide to invest in an asset, words are not needed to express how
much they trust the asset, and by extension, the players that may have a direct or indirect influence on the outcome of their
exposure. Similar to what directional buyers or sellers are in stock market or options market (Kang and Park, 2008), they

may possess information and act on them, which consequently exert a pressure that induces volatility.

Emerging markets such as the Philippines require investor trust. Local investors expectedly provide this being the
ultimate stakeholders as members themselves of that market. They are an organic member, and thus, their survival is
naturally inseparable from its existence. This concern may not be shared by a foreign investor, because the latter does not
directly operate in that market being an external player, thus he is not motivated by any reward except for the return
incentive. Understandably, Perez (2015) laments the 39.1 billion peso sell-off by foreign investors of Philippine stocks, a
concern that such herding or collective action may affect and influence the market negatively. Philippines at the time was
not crisis; such reaction was simply a response to a market recovery overseas. Otherwise, it may have a lasting effect as
was experienced in Indonesia where foreign investors displayed more herding than domestic investors (Bowe and Domuta,
2004). Certainly, it was far from crisis because while herding may come in the form of externalities such as liquidity and
possible return on private information, it is not totally a rational act, which could have been propelled by other cues such as
information cascades and pressure from others (Devenow and Welch, 1996). And yet, Perez (2015) remained composed
about the market’s resilience because of the expected support from the local investors, an optimism (Montealegre, 2016)

that saw itself through months after, and regained back for the country some foreign funds.

But how much trust do external or foreign investors really have in Philippine market, more particularly, the
Philippine stock market? From the discussion above, foreign buys approximate that trust, so that when trust is stable, it
should be reflected in the level of foreign buys as reported daily on Philippine Stock Exchange, and when it is unstable, it

is logical to expect an escalation in volatility. The following discussion should show how this can be measured.

As Benford’s Law has been touted as a tool to detect fraud in the world of forensic audit (Durtschi et al., 2004), it
may be applied to other data sets that do not violate the cardinal rule of compliance, that is, they should be naturally
occurring numbers and free of intentional manipulation. Numerical figures that result from a combination of numbers are a
likely candidate (Durtschi et al., 2004) and for any investor, it is common knowledge that net foreign buys of stocks share

the same features. It is logical then to expect that this data set should conform to BL. Therefore,
Ho: The net foreign buys do not deviate from Benford’s Law, signaling a stable foreign investors’ trust.

Ha: The net foreign buys deviate from Benford’s Law, signaling an unstable foreign investors’ trust.
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METHODOLOGY
Data

The data set (n= 2,405) comes from the daily report of net foreign buys of Philippine stocks proxied by PSEi, the
main index of the Philippine stock market. It covers the period from April 3, 2006 to June 10, 2016, a modern PSE era that

expects a more efficient trading and better transaction management.
Statistical Analysis

The data were analyzed through the first digit test of Benford’s law employing the Ordinary Least Square (OLS)
and Chi-squared test.

OLS Coefficients Test
The OLS equation of the form:
Yi = Bo+BiXite 3)
Where:
Y = Observed proportion of digits i...n
Xi= Proportion of digits according to Benford’s law
¢ = Error term

tested the joint hypothesis Bo=0 and B;=1. Perfect correlation or fit should return a zero value for the intercept
coefficient and a value of 1 for coefficient of digit proportions (Saville, 2006). Software available online and downloadable

for free from http://gretl.sourceforge.net/ called GRETL was used to produce the OLS results.

Chi squared Goodness of Fit

To check the conformance of the first digits, Chi-squared statistic was computed by:

(af—ef)?
X=X of “)

Where, af= frequency of digit i; ef = expected frequency of digit i
RESULTS AND DISCUSSIONS

Figure 2 below shows the comparison of the distribution of observed data and BL distribution. It is apparent that
the pattern of the observed data shows similar monotonic decline and close semblance to BL. Visual inspection however

would be scrutinized by statistical tests in the next two sub-sections:
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Figure 2: First Digit Test
OLS Results
The resulting estimate of equation (3) of the form Y; = By + B1X; + ¢ are given below:
Yi=-.874206 + 1.07868Xi + ¢
s.e. .588510 .0445204

To accept the joint hypothesis Bo=0 and B1=1, it is necessary that the coefficients should be within 3 standard
deviations from the assumed mean values of 0 and 1 for By and B; respectively (Saville, 2006), because the acceptance

region for alpha of 1% or confidence level of 99% covers the area under the standard normal curve, approximately 3

standard deviations to the left and right of the mean. Equivalently, setting B,= 0, Prob (—to_oos(n_z) < % < to_oos(n_z))
= 99%, or Prob(l?0 — toosn-2)S-€- (Bo) < By < By + toos(n_2)S- € (BO)) = 99%. Therefore, the confidence interval at

99% is: (BO — to0sn-2)S-€-(Bo), By + to5(n-2)S- €. (Eo)). Taking the values from the OLS results and the t-distribution

table, the 99% confidence interval is (-2.93340, 1.18499).

In the same, manner, setting B;= 1, Prob (—to_oos(n_z)<?<t0_005(n_2)) = 99%, or Prob(Bl—

.
toosm-2)S- €. (B1) < By < By + toosm-n)S- € (El)) = 99%. Therefore, the confidence interval at 99% is:(E?1 -
toosm-2)S- €. (B1), By + toosn_2)S- €. (El)), or (.0.92290, 1.23446) as computed. From the preceding, it follows clearly
that the joint hypothesis is accepted at 99% level of confidence.

Chi-Squared

At n=2,405 the computed chi- square statistics, 2, is 19.627. At 99% confidence level, the critical level threshold
for the chi-squared test with 8 degrees of freedom is 20. 0902, thus, the data set of PSEi net foreign buys conforms to BL at

99% confidence level.
CONCLUSIONS

This work intended to find out whether foreign investors have placed their trust and confidence in the Philippine
stock market. By using 1BL, the standing null hypothesis was that the data set, in this case the net daily foreign buys,

would not digress from Benford’s Law. The result would form a basis to conclude that the volatility of foreign buys, which
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translates to foreign trust and confidence, remain stable or balanced. Otherwise, if the volatility is not balanced and raised

to an escalated level, it would imply an unstable foreign investor confidence. Based on chi-squared and joint OLS

hypotheses tests, it can be concluded that the volatility of foreign buys of Philippine stocks is balanced, and therefore, the

foreign investors’ trust and confidence in this market is stable. It is recommended that other factors of investor confidence

be explored and other methods employed for future studies on Philippine stocks. It would be interesting to find out the

intensity of foreign buy’s impact on stock price or return given the structural composition of the stock market.

REFERENCES

1.

10.

11.

12.

13.

D. Amiram, Z. Bozanic, E. Rouen, “Financial statement errors: evidence from the distributional properties of

financial statement numbers”, Review of Accounting Studies, Vol. 20, pp. 1540-1593, 2015.

B. Ashnai, S. Henneberg, P. Naudé and A. Francescucci, “Inter-personal and inter-organizational trust in business
relationships: An attitude-behavior-outcome model”, Industrial Marketing Management. Vol. 52, pp. 128-139,
2016.

M. Bowe and D. Domuta Investor herding during financial crisis: A clinical study of the Jakarta Stock Exchange,
Pacific-Basin Finance Journal, Vol. 12, pp. 387 — 418, 2004.

W. Chun-khai “An Application of Benford's Law in Trading Volume and Accounting Numbers:A Comparison
between the U.S. and Taiwan Stock Markets”. D.B.A. Thesis, Ageno School of Business Doctor of Business

Administration Program, Golden Gate University, California, 2012.

A. Devenow and I. Welch, “Rational herding in financial economics”, European Economic Review, Vol. 40, pp.
603-615, 1996.

C. Durtschi, W.Hillison and C. Paccini. “The Effective Use of Benford’s Law to Assist in Detecting Fraud in
Accounting Data”, Journal of Forensic Accounting, Vol. 5, pp. 17-34, 2004.

M. Endress, “Benford’S Law And Humanly Generated Prices In Auction Houses And Buyout Systems Of Virtual
Worlds”, Master’s Thesis, Texas Woman’S University, Denton, Texas, May 2014.

L. Gobena and M. Van Dijke, “Power, justice, and trust: A moderated mediation analysis of tax compliance

among Ethiopian business owners”, Journal of Economic Psychology, Vol. 52, pp.24-37, 2016.
GRETL [Online]. Available: http://gretl.sourceforge.net/

T. Hill, “Base-Invariance Implies Benford'S Law”, Proceedings of the American Mathematical Society, Vol.123,
Number 3, pp.887-895, 1995.

J. Kang and H. Park, “The information content of net buying pressure: Evidence from the KOSPI 200 index
option market”, Journal of Financial Markets, Vol. 11, pp.36-56, 2008.

A. Karavardar, “Benford’s Law and an Analysis in Istanbul Stock Exchange (BIST)”, International Journal of
Business and Management, Vol. 9, No. 4; pp.160-172, 2014.

J. Lee, W. Tam, and G. Judge, “Stigler’s approach to recovering the distribution of first significant digits in

Index Copernicus Value: 3.0 - Articles can be sent to editor@impactjournals.us



http://gretl.sourceforge.net/

Foreign Trust and Confidence in Philippine Stocks using Benford’s Law 73 |

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

natural data sets”, Statistics and Probability Letters, Vol. 80, pp.82-88, 2010.

E. Ley, “On the Peculiar Distribution of the U.S. Stock Indexes' Digits”, The American Statistician, VVol. 50, No.
4, pp. 311-313, 1996.

Q. Li, Z. Fu, and N. Yuan, “Beyond Benford's Law: Distinguishing Noise from Chaos, PLOS ONE, 2015.
Available: DOI:10.1371/journal.pone.0129161.

A.  Lynch (2008 February 1). Putting Benford's Law to Work [Online] Available:
https://iaonline.theiia.org/putting-benfords-law-to-work.

K. Montealegre. (2016 March 27). March on track to net foreign buying [Online]. Available:
http://www.bworldonline.com/content.php?section=TopStory&title=march-on-track-to-net-foreign-
buying&id=125007

E. Perez (2015 September 3). Foreigners dump P39-B stocks in 1 week [Online]. Available:

http://www.manilatimes.net/foreigners-dump-p39-b-stocks-in-1-week/215774/

Philippine Stock Exchange, Inc. (2016).Market Activity [Online]. Available:
http://www.pse.com.ph/stockMarket/marketinfo-marketActivity.html?tab=0

Philippine Stock Exchange, Inc. (2016). InvestorRelations[Online]. Available:

http://www.pse.com.ph/investorRelations/home.html

R. Pinkham, “On the Distribution of First Significant Digits”, The Annals of Mathematical Statistics, VVol.32, No.
4, pp. 1223-1230, 1961.

A. Saville, “Using Benford’s Law to Detect Data Error and Fraud: An Examination of Companies Listed on the
Johannesburg Stock Exchange”, South African Journal of Economic and Management Sciences, Vol. 9, No 3,
pp.341-354, 2006.

X. Shi and Z. Liao, “Inter-firm dependence, inter-firm trust, and operational performance: The mediating effect of
e-business integration”, Information & Management, Vol. 52, pp.943-950, 2015.

Impact Factor(JCC): 1.7539 - This article can be downloaded from www.impactjournals.us



www.impactjournals.us
https://iaonline.theiia.org/putting-benfords-law-to-work
http://www.bworldonline.com/content.php?section=TopStory&title=march-on-track-to-net-foreign-buying&id=125007
http://www.bworldonline.com/content.php?section=TopStory&title=march-on-track-to-net-foreign-buying&id=125007
http://www.manilatimes.net/foreigners-dump-p39-b-stocks-in-1-week/215774/
http://www.pse.com.ph/stockMarket/marketInfo-marketActivity.html?tab=0
http://www.pse.com.ph/investorRelations/home.html




