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ABSTRACT

With the increased interest in the African econorhis vital that we measure the performance
of our capital markets to know where they stance Efficient Market Hypothesis (EMH) seeks
to test whether a stock market is efficient in @itthe weak, semi-strong or strong form. With
Kenya being an emerging market, the weak form iefiicmarket hypothesis was put to test by
the researcher, by determining whether succesiiug stock market returns on the Nairobi
Securities Exchange follow a random Walk or othsewi The EMH briefly argues that for an
efficient market, future share prices and retutmsugd be random and unpredictable, such that
any information regarding a stock is quickly astateid into the market to reflect on the new
share price

Data in the form of historical daily closing NSE-80are Index from *1 January 2008 to 81
December 2012 was obtained from the Nairobi SeeariExchange. The use of a longer time
period was to eliminate the thin trading bias tisatharacteristic of emerging stock markets,
while the use of indices is to maintain consisteaotgata used in the research. Both parametric
and non-parametric tests were used, to confirmlteesbtained in either of the tests. The data
was analysed using STATA statistical package to fis stationarity of the model, normal
distribution of stock prices, randomness of sudeesgrice changes and independence of stock
price changes. Unit root test, runs test and Autetation tests were carried out to test for the
afore mentioned characteristics of the stock paicg returns. Mixed results were obtained from
the research, with the runs test concluding thatNBE daily market return series was random
and therefore the NSE followed the random walk rhotlee autocorrelation tests and unit root
tests, however, concluded the NSE was not weak fefficient. The autocorrelation tests
detected serial correlation in the successive dadyket returns and there was absence of a unit
root in the time NSE time series.

The research concluded that the NSE was not weak éfficient, since all the tests conducted
did not conform to the characteristics of weak foefficient market hypothesis. Information

flow from the listed companies to the public is eéficient, giving some investors an advantage
over others. It was recommended after the studytttea NSE should put policies in place to
ensure informational efficiency and also educagephblic on the advantages of investing in the
stock market to improve trading on the bourse.
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CHAPTER ONE

INTRODUCTION

1.1Background of the Study

Rapid growth of equity markets has characterizedrgmg markets in the past decade, leading
to increased investment options for investors. @apnarkets efficiency is very vital for

portfolio diversification and asset allocation a&soglobal markets (Guidi, Gupta and
Maheshwari, 2010). Market efficiency is importamt, that investors use this as a basis for
identifying appropriate assets to invest in. Inoght capital markets, asset prices reflect al th
information regarding a stock, thereby reducingndes that an investor may detect a mis-
pricing and make an abnormal profit out of it. Tmgans that no asset will be overvalued or
undervalued, to eventually equate optimal rewardidk. An inefficient market, on the other

hand, gives investors an opportunity in identifyimgs-priced assets and making abnormal

returns thereafter.

Globalization has necessitated and emphasized niperiance of understanding developing
countries and that means understanding capital et&iik these countries. Will (2006) argues
that the Efficient Market Hypothesis, hereafter amigd as EMH, can provide two main
functions; the EMH can be used both as a predictieelel as well as a theoretical model of
financial markets by professionals in the finanamérket and investors and it is also an

important instrument for encouraging people to gtwie equity markets.



1.2 The Efficient Market Hypothesis

Bachelier (1900) in his study of securities coneldidhat stock price movements followed a
Brownian motion, that is, future stock prices arpnredictable. In 1953, Maurice G. Kendall
followed up on Bachelier’'s idea and came to thectumion that stock prices seemed to follow a
random motion, an idea that was later on suppdoyeather statisticians. In a study conducted in
1959, Robert discovered that stock prices follo@edndom walk over time. The Random Walk
Hypothesis simply states that at a given pointinmef the size and direction of the next price
change is random with respect to knowledge avalabthat point in time (Dyckman and More,
1986). Samuelson (1965) and Mandelbrot (1966) latesupported Kendall's studies and his

position on the Random Walk Theory.

Fama (1965) reviewed empirical studies that had besrlier conducted and proceeded to
support the Random Walk Model, which as descriliEya argues that successive price changes

are independent of each other.

Market efficiency can be distinguished under tHeaeels, based on a stock market’s ability to
process information (Fama, 1970); Weak-Form maBéé&tiency (Past information regarding

the company is fully reflected in current stockcps), Semi-Strong Market Efficiency Relevant
public information is reflected in present pricdsstocks) and Strong form Market Efficiency
(All relevant information, both public and privatgith regards to a given company, is reflected

in the current stock price of the listed firm).



1.3The Nairobi Securities Exchange

1.3.1 History of the NSE

The trading of stocks in Kenya started informalty the 1920s, devoid of any rules and
regulations to govern the trading. The stock brgkivas characterised by agreements between
parties and the need to meet contractual obligat@ntime. A common physical location was
also not present at the time and deals were magleaosup of coffee. The first professional stock
brokerage firm was established by Francis Drummiod®51 and. He, together with the then
finance minister approached London Stock Excharfieiads in 1953, seeking approval and

recognition of the NSE as an overseas stock exeiang

The NSE was finally set up and registered underSbeieties Act in the same year. Only
Europeans could participate, however, since Afscand Asians were not allowed in trading.
The market would face its first major challengeegafindependence in 1963, due to investor

uncertainty with regards to the country's future.

The first major activity was the privatisation dketKenya commercial Bank in 1988, which saw
the government cede twenty (20) percent of itsestakhe public. The NSE would later move its
premises to the Nation Centre building in 1994, segjiently setting up the delivery and
settlement system (DASS) that was computerised.s@nge year would also see eight (8) new
brokers licensed and the International Finance @atpn name Kenya as the best performing
market in the world with an all high 5030 pointscoeded by the NSE 20-share Index

(http://www.nse.co.ke).



1.3.2 Development of the NSE

The Automated Trading System (ATS) was introduce&eptember 2006 in a bid to improve

trading and general market efficiency. This saw nthenber of trading hours in a day increase
from two hours to three hours. The trading of rsgigsues also started trading in the same
manner as equities, with the ATS also enablingrdiding of corporate and treasury bonds. Later
that year, a Memorandum of Understanding (MOU) leetwthe Nairobi and Ugandan Securities

exchanges would allow the cross listing of seasificross the two exchanges.

An upgrade of the NSE website in 2007 allowed fasteess to trading information regarding to
share trading and also boosted the data vendingdsssfor the exchange. The NSE 20-share

Index was also reviewed to ensure the strongdsiedisted companies comprised the index.

In 2008, the NSE All Share Index (NASI) was introdd as a measure of overall market
capitalisation as opposed to a measure of selexsybanies. With regards to handling client
concerns, the NSE formed the Complaints Handling {(@HU) in 2009. The body is mandated
to handle any issues raised by clients conveniesitlyer through e-mail, short message services
(sms), fax or over the telephone. This has cestamproved service delivery by the exchange.
The year 2009 also government bonds included iRTi® getting rid of the tedious paper work

that was then characteristic in trading bonds aakiimg the process automated.

The NSE was renamed to the Nairobi Securities BExghan 2011 to reflect its strategic plan,
which includes support in trading, clearing andlsetent of equities, bonds, derivatives and
other financial instruments. The equity settlempetiod also improved from T+4 settlement
cycle to the T+3 settlement cycle. This means imegstors who sold their shares would be

compensated three days after the sale of theieshamd the buyer's share account would be



updated to reflect the buy in the same time period.

The Broker Back Office (BBO) also started operaidoy facilitating online trading and
improved accessibility to the stock market. Novem®@ll saw the FTSE NSE Kenya 15 and
FTSE NSE Kenya 20 indices being introduced as ratere indexes in a bid to expand the

market's appeal globally.

In July 2012, the NSE and the Central Depository Settlement Corporation (CDSC) jointly
announced November 2012 as the date for demasatialn of all listed securities. A
dematerialised security is defined as one whichbess prescribed by the CDSC under section
24 of the Central Depositories Act, whereby the arlyihg physical certificate is no longer
prima facie evidence of ownership under the Companies Act @86 on or after the
dematerialisation date (Central Depositories ABO®. Arnold (2010) defines dematerialisation
as the elimination of share certificates as evidewicfinancial security ownership to the use of

electronic records.

1.3.3 Demutualisation of the Nairobi Securities Exchange

Demutualisation is the gradual process of convgrsiacurities exchanges from non-profit and
member-owned organisations to profit oriented amgestor owned organisations (Islam and
Islam, 2011). Basically, it is summarised as sdparaof ownership of the exchange from the
right to trade on such an exchange (Capital Markets 2010). In the current mutual model of
the NSE, ownership of the exchange requires obe @ stock broker. This means that ceasing to

being a stock broker automatically leads to losshaireholding of the NSE.

Demutualisation of the NSE will end this mutualatednship between ownership and brokerage
rights. Traditionally, exchanges have been owndtmally, but this is quickly changing to the

5



global model that has no loyalties to any particuearkets. This will provide investors, both
national and international, access to trading agtdrig of stock exchange members that derail

trading system expansion attempts.

Africa, sensationally referred to as an emergingketa is host to a number of stock markets
across various countries on the continent (AfricagiRess Report, 2012). Empirical studies on
the African markets have found evidence of marketdavour of the weak form EMH, an
example being the Johannesburg Stock Exchange i{Smhal, 2002). Magnusson and Wydick
(2002) also concluded that the Johannesburg Stackdage was weak form efficient while a
study conducted in 2003 by Appiah-Kusi and Menyalsp found stock markets in Kenya,
Egypt, Mauritius, Morocco and Zimbabwe to be wealf efficient. Earlier studies on the
Nairobi Stock Exchange (now the Nairobi Securitteschange) concluded that the evidence

supported weak-form Efficient Market Hypothesisqkinson and Muragu, 1994).

1.4 Statement of the Problem

The NSE has been a good avenue for channelingataguiid resource allocation on the
individual, corporate national level but its fulbtential is yet to be achieved. To attract more
investors, it is vital that potential investors knavhether the NSE is a market in which every
investor has a fair chance of making a fair retiaviewed literature has shown that there is a
very strong correlation between equity market dewelent and a country’s economic growth. In
fact, stock markets enable an economy to ensugetlnm commitments in real capital and also
act as an indicator of economic health (Ologundienitade and Asaolu, 2006). In the interest of
both investors and the economy, it is important tt@ capital (and especially the equity

markets), pass at least the minimal hurdle of métional efficiency (Magnusson and Wydick,



2002). Limited research has been conducted on fii@eat market hypothesis of the NSE
(Parkinson, 1984; Dickinson and Muragu, 1994; Olwe&012), with the last weak form test on
efficiency dating back to almost 20 years. The lstmarket has developed admirably in the last
few years, but more studies need to focus on thiendation of new information on stock prices
and whether some investors have an unfair advameageothers. To attract more investors, it is
vital that potential investors know whether currstack prices are updated to reflect all relevant
information and if a common investor using a bug-dmld strategy and a seasoned trader using
technical analysis can make the same return. Bhdone by testing whether successive stock
prices and returns have any correlation and whelesr form a predictable pattern over time to
give some market players an advantage over otAdis. study therefore seeks to test the
efficiency of the NSE with regard to quick assirmida of all relevant information to reflect on

current stock prices.

1.5Research Objectives

The general objective of this study was to testwieak-form efficient market hypothesis of the

Nairobi Securities Exchange.

1.5.1 Specific Objectives

The specific objectives were to:

1.5.1.1 Test whether successive daily market retara random.

1.5.1.2. Test independence of successive stockenaeturns on the NSE.

1.5.1.3. Test presence of a unit root in the NSk daarket return time series model.



1.6 Research Questions

1.6.1 Are successive daily market returns on thE K#domly generated?

1.6.2 Are successive stock market returns on the IN&ependent of each other?

1.6.3 Is there presence of a unit root in the N&iy anarket return time series model?

1.7 Scope of the Study

In this study, the researcher used the Kenyan &lddarkets, in specific the Nairobi Securities
Exchange as the data under study. The study useathity closing NSE 20 share index from the
period January 2008 to December 2012; with the rgexsi under study being equities.
Autocorrelation test, Runs test and Unit Root teste performed to test for independence of
stock market returns, randomness of successive phanges and stationarity of the time series

model.

1.8 Justification of the Study

Market efficiency is not only important to invesidout also to companies listed on the Nairobi
Securities exchange. Investors would benefit from results of the study by knowing whether
the market reflects the ‘fair’ price of a given &dtger se, since the current price of the stock
would be independent of the previous day’s priaeafo efficient market. This would empower

investors when making the all-important investnagtision. On the part of the managers of the
listed companies, knowing the efficiency of the NSBuld help gauge how well their

companies are placed in the market and the kinehefronment their companies are operating
in. New listings on the NSE cannot be written offea the study was conducted. This is

especially after recommendations to further enéghthe public on the advantages of listing on



the bourse were given. This is supported by thetfet many companies need capital injection

into their organizations but lack the means totdo i

Given that Kenya is among the frontier markets fnca and the entire world, a study on the
Efficient Market Hypothesis on the Nairobi SecwstiExchange was rather essential for the
country’s economic benefit. Foreign investors anding to invest their finances in these

markets, especially given the stale nature of ecoe® in Europe and the USA. This, however,
depends on the kind of markets they encountererimg of risk and return promised on their
investments. This can be measured through effigi@dhe markets and in specific the stock
markets, which gauge an economy’s economic healtne way or another. This study helped

market Kenya as not only a frontier market, bub @s THE frontier market.

In line with Vision 2030 of making Kenya a middlecome earning country, the study was
seeking to determine the efficiency and performarfasquity companies. This is in tandem with
financial and economic reforms that were proposetlimplemented from the 1990s to promote

financial liberalization. Are we at par with the sebwith regards to this?

1.9 Limitations of the Study

A number of difficulties were encountered in theis® of conducting the research. They include

the following;

1.9.1 The data was expensive to obtain from the NSE hisdi¢ expected to slow down the

research process since the funds will have to beraddl from a sponsor.



1.9.2 The change in the number of listed companies has khifting over the years under
study, ranging from new listings to delisting ofhets. This fluctuating data is

problematic, since the data cannot be adjustedctade these factors.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Efficient Market Hypothesis

The efficiency of capital markets can be regardedst the capability of the financial markets in
processing information in due time, to reflect dmeg asset prices (Yeng and Lee, 2008).
Therefore, information efficiency becomes a critimaponent in this study. Both supporters and
critics of Efficient Market Hypothesis primarily @stock markets in their research for three (3)
main reasons; Stock markets were developed a lamgdago and are still predominant in the
capital markets there, the pioneering researcimetisis area of study promote patterns of stock
behavior in their studies on informational effiactgrand stock price movements possess similar
characteristics to other financial instruments;deethe patterns are assumed to be the same and

are equally applicable.

Famaet al (1969) described an efficient market as one whidjusas rapidly to information.

Later on, however, it was evident that rapid adpgsits, although a critical aspect of market
efficiency, was not the only element. Fama (19®Hjlefined an efficient market as one which
fully reflects all the available information, pagtresent and future in the asset prices.
Informational efficiency not only means that a narks able to process new information into
stock market prices in a market, but also thatitiiermation is systematically and quickly

processed to reflect in present prices of stodkssuch a market, it is not possible for any
investor to make abnormal profits, since curremtgs are reflective of current information or

announcements (Azad and Bashar, 2010).
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Another angle to explain the Efficient Market Hypesis (EMH) is that the argument holds if all
the available information was obtained at no cdstla If, however, the information was
obtained at a cost, a financial incentive motivateslinvestor to obtain it. No financial incentive
would exist if all the information regarding thesaswould be reflected fully in the current asset

prices.

2.1.1 Forms of market efficiency

Market efficiency can be categorized under threenfy namely weak, semi-strong and strong

efficient market hypothesis.

Weak form efficient market hypothesis

Also known as the Random Walk Model, the weak f&MH assumes that all the previous
prices and information are reflected in today’<ktprices. It further implies that a stock’s price
cannot be predicted on the basis of previous m@testurn or any other historical market data,
including trading volume or short interest. Teclahianalysis cannot predict future security
prices and all past stock price data is availabléaé public at no cost. In case any data would be

used to predict any future prices, investors wagle this to make above average profits.

Dyckman and Morse (1986) explained that the rand@ik basically implies that the direction
and price of a given stock is unpredictable, gitlem body of knowledge regarding that stock.
The weak form EMH downplays chartists’ (traders velngploy technical analysis) advantages in
the market by arguing that in an efficient marka, form of analysis on past information
regarding a stock can predict a future return. ffager is no different from the ordinary investor
who uses a simple buy-and-hold strategy for theitfplio, since all there is to know about the
stock is public and available to all investors.

12



Information in an efficient market is also avaikalb the public at no extra cost, eliminating any
sort of informational advantage insiders would h&venake abnormal profits from the stock
market. If any data would be used to predict futreterns for stocks, the market would cease to
be efficient, since the pattern eliminates the camdvalk in the stock prices. Market anomalies
have however been observed in markets regardeffi@srg, where investors are able to predict
the movement of share prices. They include timdiefyear effects (where the prices tend to fall
in December and rise in January) and day-of-thekvedkects (share prices falling on Friday and
rising on Monday. These patterns have been obsenvetarkets all around the world and little
evidence that would suggest investors can usddhisake above normal returns exists (Sharma

and Mahendru, 2009).

Tests on weak-form EMH include tests for indepewdenf successive price changes or returns
(conducted using serial correlation or autocorietatests) and tests on existence or absence of a
pattern in successive stock price changes or re{wsing a runs test). The absence of correlation
among past stock prices indicates independenceewédk of a pattern in successive price
changes indicates randomness, hence efficiencyhefiitarket in weak form. Others include
testing for the presence of stationarity by periogna unit root test. Presence of a unit root
(stationarity) indicates that the prices followesgence, thereby making the market inefficient in

the weak form.

Semi-strong form efficient market hypothesis

The semi-strong form EMH implies that all publiédmation is calculated into the current price
of a stock. Such information includes fundamentébrmation on a company’s product line,

balance sheet structure, performance of managstaff, patents held by the company,

13



accounting principles adopted by the company ared dbmpany’s forecasted earnings. An
investor would expect all this information to béleeted on the share price. It further suggests
that neither technical nor fundamental analysis banused to achieve to the advantage of

making superior gains.

This form of EMH implies that all public informatioregarding a stock is available and
immediately incorporated into the current shareceriThis information includes company
reports on profits and losses, dividend payoutsckstsplits and even forecasted company
revenues. The market reacts differently to annomecss regarding accounting information such
as arise or fall in profits. Returns during theslw®f a major announcement with regard to listed
companies’ revenues were sixty seven percent (67gber than normal trading weeks, with the
preceding and following weeks posting lower retuohgust under ten percent (Beaver, 1986).
Any attempt by investors to acquire such informmatigth an intention of making bigger profits

than the rest of the investors would be in vaithie form of market.

Other information such as the Price to Earning YPaEo, Price to Sales (P/S) ratio and Market
Value to Book Value (MV/BV) ratios also affects shaprices and especially portfolio
performance (Aga and Kocaman, 2008). In their re$eadAga and Kocaman (2008) argue that
over time, portfolios created based on lower eral-y8V/BV ratios can outperform the market
and obtain above average returns compared to theféhe market. The study goes further to

suggest that lower P/E and P/S ratios can alsoseeompany higher revenues.

Testing the semi-strong EMH can be performed bysm&ag market reaction to accounting
information and stock splits. Accounting informaties gauged by comparing current and

aggregate accruals and cash flow to the stock mexkans. The value of the stocks is expected
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to rise when accrual information is favourable asnpared to the cash flow, proving the
importance of earnings compared to cash flows. KSgptits are also a price mover. Prior to a
stock split, the share prices shoot upwards widtslation of better profits but after the splitg th

prices drop due to the absence of an above-aveeaig®m on the stocks. Another test for semi-
strong EMH is testing for anomalies in the marlsetch as post-announcement price drifting,
small-firm-in-January effect and book-to-marketioat Neither fundamental nor technical
analysis can be used to an investor's advantagaaie abnormal returns in a semi-strong

efficient market.

Strong form efficient market hypothesis

The strong-form EMH asserts that all informatioathopublic and private (Insider information)

is reflected in the current price of a share. Abaverage profits cannot be consistently derived
from this form of market by any investor. It cont8 laws on insider trading, in that analysts,
after all, are within their job descriptions of anhing information on a company that was

previously not available to the general public.

Private information with this regard is known asidter information, which is only known to
traders and company insiders, alongside theirivelatand close associates. Any additional
information known to either investors or tradersisgless in such a market, since all the relevant
information is known to all market participants.igform of EMH is considered rather extreme,
since it is obvious that company insiders have st¢e such information long before it is made
public. The market is considered rather extremeflwdied, since company insiders will always

have first-hand information regarding the compaefpke it is released to the public. It is in their
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job definition to unearth company information tlas previously not known to them and make

it public to all investors.

Efficiency tests on such a market are carried outhe inside information in a company that is
listed and knowing how much a company holds orhi® ihnformation before releasing it to the
public for eventual market correction on the shaiees of the company. Corporate governance

issues also come into play in testing strong-foviHe

2.2 Empirical Evidence Supporting the Efficient Market Hypothesis

Fama (1965) reviewed the EMH and stated that thpmissue regarding the Random Walk
Model was testing whether the hypothesis that sstee price changes are independent. The
Random Walk Model had been tested using two methtbasfirst approach was testing the
various mechanical tools of trading to conclude thlbethey result to greater profits as opposed
to the buy-and-hold strategy. This was for the goigose of an investor or an individual trader.
The second approach relied primarily on statistnathods, namely correlation and runs tests.
Fama then stated that up to then, research wasignusing statistical tools to determine the

independence of successive stock price changes.

Kendall (1953) began testing whether a sequenceuibers displayed random characteristics
by using four tests. First, he determined usingeguency test whether numbers in a given
sequence of numbers were close enough to showoamydf relationship, using chi square. He
went on to compare the randomness of the numbersobparing his idea of the number
sequence to a roll of dice. A roll of the dice wibgive you six probable numbers and a constant
number of results over a longer time period. Theegyto show how independent the numbers

are. Kendall advanced his idea by using a secaidaeserial test, to compare a set of numbers
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and look for any correlation. This solved the peoblof using huge numbers by just pairing two
numbers. The gap test was the third test he empjoybereby he measured the number of
expected gaps in a series. An example was coutitengumbers that fell between two zeros in a
number sequence and taking those numbers as thahjlity of occurrence. The last test was the
poker test, which tested sequences with five orendligits. A series that passed all the four tests

was considered random.

Samuelson (1965) and Mandelbrot (1966) cementedi&s ideas by explaining that a market
with random stock returns is a perfectly normal kesr since no investor had an unfair
advantage over another. Both authors argued timapetition was the main ingredient of a good
market and that investing in the stock market wéaragame in which traders wouldn’t expect
to make extra ordinary gains by virtue of havingpimational advantage over other market
investors. The main attraction of the fair game ta$ no one had any advantage over the other

investor and future stock prices were unpredictadbleep the game open for any investor.

Fama (1970) then reviewed all the work done orcieffit capital markets and distinguished the
hypothesis into three forms, namely the weak-fosemi-strong and strong forms of market
efficiencies. The weak form argues that technicalsis cannot be used to make above average
stock market returns, the semi-strong form arghasrieither technical nor fundamental analysis
can be used to an investor’s advantage and thegstoom EMH assumes no insider information

is used to gain unfair advantage in a stock market.

2.3 Theory of Random Walks

The Random Walk Theory implies that a current stpike is completely independent of and

unrelated to past market price patterns (Horne Radker, 1967). The theory goes further to
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imply that it is impossible to predict future stopkices based on past price movements. The
current price of a given security represents thekets best estimate of the stock’s ‘intrinsic’
value based upon all information that is availabldis intrinsic value is derived from
fundamental analysis done on the company to prédlicte earnings. Any new information that
comes up automatically triggers a revision on thmgany’s stock price. Thus, the stock prices

are said to be non-stationary (Gujarati and Po2@09).

The theory of random walks also posits that asatiomh of new information into the market is
such that any deviations from the intrinsic value aandom. Any systematic deviations,
however, would imply that a pattern in the stoclcgs exists, leading to market participants
making abnormal profits from the opportunity. Arbge actions in such a situation would cancel

out the efficiency of a stock market.

Availability of information regarding stock priceslows all market participants to compete
fairly until all fluctuations that are not randomom the intrinsic value become almost nuanced
that no investor can exploit them for profit. Theary finally argues that a trader using technical
analysis (also known as charting), will not gettiéxeprofits than a trader who uses a simple buy-
and-hold strategy. One of the reasons for testitegrandom walk theory is to find out if
mechanical trading rules can be used by a chéaatisbtain above-average profits compared to

the buy-and-hold strategy.

The random walk theory has often been compareddimskard’s walk back home after a night
out. On leaving the bar, the drunkard takes a @apsteps forward and moves some steps back.
By continually walking randomly, he eventually dsiffurther and further away from the bar,

until he finally gets home. It would be impossilite obtain a pattern of this walk, since the
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movement is completely random. The same could igeaastock prices in an efficient market;
today’s stock price is the same as yesterday’'skgboice, including a random shock (Gujarati

and Porter, 2009).

2.4 Mathematical Presentation of the EMH

In 1970, Fama proceeded to present the EfficientkBtaHypothesis mathematically in the

following equation;

E(Pjw1/ @) =[1+E(rjui/ @) P (2.1)

where, E is the expected value operatqisfhe price of security j at time t; R1is the price of
security j at time t+1,; k+1iS return in percentage over one period, equapte {-P;))/P;, ®:is the
symbol of the given set of information assumededfhlly reflected” on the price of security j at

time t.

2.5 Efficient Market Hypothesis in Emerging Markets

Globalisation has led to an increasingly integrateatld economy, including financial and
capital markets. This means that foreign directegtinents have been surging ever since,
especially to emerging markets, with African ecoresrbeing labeled as one of the leading

frontier markets in the world.

Low correlations between African and global stochkrkets, excluding South Africa, offer
international/Foreign investors portfolio diversdtion opportunities (Moin, 2007). Capital
markets in Africa are beneficial to both the foreigvestor and the developing economy. On
their part, investors from developed economiesnamenally capable of undertaking the bigger

risk associated with emerging economies (Snowd@a7)1 The reward for this is certainly high
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returns. However, stock markets around Africa agarded as thin markets and are subject to
insider manipulation in favour of company insidargl to the expense of public investors. It is
therefore vital that equity markets in emergingrexuoies should at least pass the lowest hurdle
of speculative efficiency (Magnusson and WydickD20 Earlier studies on market efficiency

concluded that no stock market is strong-form &ffit although research on mature markets in

developed economies rejected hypothesis on weakemdstrong market efficiencies.

Chan, Gup and Pan (1992) concluded that stock nsankeé&ingapore, Hong Kong, South Korea
and Taiwan were weak-form efficient after the unitt tests confirmed the stocks conformed to
the Random Walk model. The Shanghai and Shenzlbek starkets were also found to be of
weak form efficiency, after presence of the unibtrehowed that the stocks patterns were
characterized by a random walk (Lei al, 1997). Inefficiency between the stock markets,
however, indicated inefficiency, since co-integvatitests proved that investors could use past
stock prices in one market to predict stock pricethe other. Testing efficiency in emerging
markets should take into account the high volgtiliton-linearity of share price variation and

infrequent trading (Todea, Ulici and Silaghi, 2009)

Hadi (2006) in his study of the Efficient Market pbthesis on the Jordanian Stock Exchange
concluded that the equity market reacted diffeyetdl company announcements, that is, new

information on profitability, solvency and liquiglit

On a study of the Bombay Stock Exchange, SharmaMadundru (2009) found out that the
BSE was weak-form efficient. Autocorrelation andnBuests were conducted to determine if the
stock exchange was efficient in weak form. At firdte auto-correlation test gave conflicting

results to the runs test gave conflicting resdtthe runs test but the series was then differenced

20



and the autocorrelation test done to finally giviemal conclusion.

Kubota and Takahara (2003) investigated stock nigvkedictability in Asia by investigating
whether financial firms’ announcements create valithin an asset pricing framework. They
used a financial sector model, which explainedritlereturn structure of Japanese companies,

thereby indicating some degree of predictabilityapanese equities/stocks.

In his study of the Hong Kong Stock Exchange, 3g2608) argues that as long as closing
prices, indices and returns on markets exist, possible for investors to forecast the stock price
patterns and use this information to their advaat&te further argues that daily variation of the
stock prices is neither random nor stochastic aadigtion of daily stock patterns, with a certain

degree of accuracy, is actually possible.

Finally, a study on four Asian markets (India, Hdfong, China and Japan) found evidence in
favour of weak-form efficient market hypothesis.ridace ratio, unit root and auto-correlation
tests showed that the four markets did not adlereetk-form market efficiency, declaring the

whole sample inefficient (Patel, Radadia and DimalZ912).

2.6 Empirical Evidence against the Efficient MarketHypothesis

Only in the case of mounting anomalies, will aremdative paradigm replace a prevailing
paradigm (Kuhn, 1970). The above statement wasksaah economist, one of a couple that was
against the Efficient Market Hypothesis. Sweene§88) reviewed the empirical evidence on
earlier studies and concluded that filter rulesiBoized by Fama and Blume (1966) could have

earned investors in stock markets returns in excess

Le Roy (1989) claims that a major bias in testimg EMH concluded that empirical evidence for
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EMH was documented while evidence against it wasplsi ignored, without further scrutiny.
Taylor (1982) highlights the use of biased methodgsting EMH. In his study, he replaced the
traditional autocorrelation coefficient test with advanced test statistic. The results rejected the
RWH and supported price-trend hypothesis. He furthent on to state that the normal test
statistics used in testing the EMH never rejectkedRWH, since they are naturally not powerful

enough in studies involving trends.

Later on, in 1984, a major challenge came up ondfakisher and Roll's (1969) work. Farta

al (1969) in their study investigated the effects dftack split on the price movements of the
stock. The researchers expect that no price movsnséould be observed, but interestingly, the
stock prices react to the stock split announceniémg. authors then argue that the investors are
using the announcement in predicting future priées the company and that such an
announcement is rather 'seemingly’ nominal and'tnaty’ nominal. This then implies that
empirical results in earlier studies may have fldwaterpretations, further consolidating
rejection of the EMH. Regarding this, Boldt and Arfl1984), point out that the empirical
evidence suggests a steady change in price regaftgnstock split announcement. This meant
that the investors gradually discovered the newtherstock split, explaining the gradual change
in price. This greatly dented the study, which leadcluded the market was semi-strong form
efficient, since in such a market, investors wolaéle quickly reacted to the information and

made a quick buck in the stock.

Jensen (1978) welcomes the evidence against EMHsaysl that evidence inconsistent with
EMH cannot be ignored. He goes further to discrélaé Joint Hypothesis testing (market
efficiency and a two parameter equilibrium modeldetermining the price of an asset) and

points out that the fault could arise either beeabsth hypotheses are false, or the joint
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hypothesis is not true.

In 1984, D"Ambrosio points out those idiosyncratiarket phenomena should now prompt the
challenging of the EMH, since the theory had gonehallenged for too long a period. He
pointed out these idiosyncrasies as inclusivehef;vialue line phenomenon, the weekend effects,
junk stocks, low beta portfolio performances, lowicg-earnings ratio, small firm effect,

information coefficients, low priced stocks, seatatation and turn-of-the-year effect.

Fama (1991) later softens his stand after the ehgéls on empirical evidence supporting EMH
are published in the 1970s and 1980s. Fama sta&srarket efficiency is not testable and
challenges the joint hypothesis testing. He alsmitsdthat insiders in listed companies have
access to private information that is not availableéhe general public, hence the semi-strong

EMH he earlier supported, he now questions.

Thaler (1993) welcomed the rejection of the EMH amdnt beyond recognising market
anomalies and suggested that studies into behaVibnance be carried out to further explain
capital market efficiency. In 1999, Haugen expres#et the EMH had been completely
stretched and it was now up to the supporters (pters) of EMH to provide further proof
supporting the theory. He further stated that thvestors' blunder in reacting without thought to
announcements such as good profits or profit wgsand stated that good investors went ahead
and first analysed the information to create a gpodfolio. According to Haugen, the risky
stocks are expected to produce the lowest retwrhde the least risky stocks give the best

returns later in the future.

Koonce (2001) exclaims that market efficiency soastudied under three basic assumptions of

traditional market efficiency; Investors are raagnlirrational investors are random in their
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behaviour and therefore do not affect stock prie@sl assuming that the investors are
systematically irrational, there automatically éxrational arbitragers who cancel out any

influence they have on stock prices.

In reply to this, Schleifer (2000) expresses thaestors are biased in their decision making and
explains that behaviors portray that the investmes systematic and not random. He further
argues that ultimate arbitrage is not applicablergvhere, hence the basic assumption of

rationality of investors and in general the EMHjigestioned.

Further exploration into empirical literature oktkarlier decades brings to light arguments that
openly rejected the EMH, or rather questioned theirigs supporting the theory. It should not
be out rightly assumed that capital markets aneiefit and react expectedly to information or
announcements released to reflect on current stwclasset prices. The major challenge

economists are facing is to embrace this reality fheir models (Shiller, 2003).

2.7 Efficient Market Hypothesis and its Studies o\frica

Stock markets in Africa have surged from 8 in tleary1989 to 26 in 2008 (Databank Group,
2008). Despite this, they are segmented and haféciency, making them small, illiquid and
uncompetitive on the international stage of finahenharkets (Ntimet al, 2011). It has been
suggested that only solution to this problem iegnating regional, or better yet, the whole
continent’s stock markets to beat some of thesiigirencies (Abumustafa, 2007). By operating
as a single block, this would strengthen the chpitarkets to extremely strong, efficient
markets. Abumustafa goes ahead to define stockenhartegration as a process that sees to it
that an investor, regardless of their financial ngeean buy or sell shares in any stock market

without restrictions or impediments and Stock ieeross the whole continent would be the
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same in all the markets across Africa.

Smithet al (2002) group African stock markets into four categs:-

2.7.1 South Africa — This is the biggest and masalgished market in the continent, not
to mention it is the most sophisticated. This iseiims of size (market capitalization) and

liquidity.

2.7.2 Medium size markets - These markets have &emmd for a while and are stable
and larger than the rest (excluding South Afridddey include Kenya, Egypt, Zimbabwe,

Morocco, Nigeria and Tunisia.

2.7.3 Small but rapidly emerging markets — Theyeh#tle capitalization and have fewer
listed companies operating on their bourse. Suctket&in Africa are found in Ghana,

Botswana, Cote d’lvoire, Namibia and Mauritius.

2.7.4Extremely small markets — Recently establisaed yet to completely take off.
Tanzania, Zambia, Mozambique, Libya, Malawi, Uggn8iadan, and Swaziland are in

this category.

Non-parametric variance-ratio tests were conduote® African stock exchange markets, with
the evidence rejecting weak-form EMH and furtheplying that these markets were inefficient
and predictable (Ntinat al 2011). This consequently means that even afterimmg transaction

costs, investors could exploit these inefficiencaesl make profits out of these (Collins and

Abrahamson, 2006).

African markets are quite small in the context tfb@l markets, with the exception of South

Africa. In 2003, the 15 stock markets (excludingitBoAfrica) on the continent, accounted for a

25



mere 0.2% of the entire world stock market captdion (Standard and Poor’s, 2004). Although
small in size, turnover in these markets has irs@eéagiving higher returns to investors. Despite
being highly volatile, African markets also exhildaw correlations with international stock

markets (Jefferis and Smith, 2005).

Growth in size of stock markets in Africa has battmibuted mainly to economic reforms that
have included among other things, a decline inrthe of government in economies, coupled
with the strengthened role of the private sectorthase economies. Due to this move by
governments, price determination has been left daoket forces. Privatisation has also entailed
making public some of the state owned companiesuth listing on stock exchange markets.
This entails offering new shares in the market, clvhin turn improves liquidity and offers

investment opportunities to existing and new invest Because of such programs
(privatization), increased attention has been paidfrican markets by foreign investors, who

naturally seek to diversify their portfolio in riglemerging markets, which translates to higher

returns.

Barriers to entry into the African market by foneighvestors have also been eased, through
liberalisation of exchange controls on capital andent controls, thereby easing entry and exit
of the markets (Jefferis and Smith, 2005). Liquidd also a major hurdle to development of

markets in Africa, with turnover ratios (ratio effbover to market capitalization), being too low.

South Africa is the biggest and ultimately the mlagtid market, recording a turnover ratio of
44%, while the same ratio in developed marketsoisnally above 100%. This is attributed to
both sides of the market, with the supply side fpeimaracterized by controlling interests holding

most of the shares. This leaves very little amoohtshares available for public trading.
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Increasing the size of stock markets through regjiamtegration are some of the policies that
could be adopted to help improve efficiency. Inrtawss like free access by foreign investors,
electronic trading systems, faster settlement, efastissemination of information or
announcements, and adjusting legal framework tem@dto international standards could also
improve efficiency (Odera, 2012). Odera further gagis that market efficiency will remain

elusive if professionalism and market regulatioresreot enforced.

Studies regarding the efficiency of stock market®\frica have also been on the rise over the
past decade, since Africa is considered an emergaudket. Earlier studies were conducted by
scholars such as Dickinson and Muragu (1994) ponigaAfrican markets (in this case the

Nairobi Securities exchange) as an efficient. Sthea, remarkable effort has gone into studying

African stock markets, with varying results comfngm these studies.

African stock exchanges are the smallest with ikg@atisted securities and market capitalization
(Mlambo and Biekpe, 2007). Vitali and Mollah (20X®nducted the Random Walk Hypothesis
test on stock markets in Kenya, South Africa, M@usi Egypt, Morocco, Nigeria and Tunisia.
Their findings indicated that all markets in thedst, except South Africa, were weak-form
inefficient, since the Random Walk Hypothesis wapeated. This basically means that the

security prices do not reflect all historical infoation.

Little is still known about efficiency of the congnt’s stock markets, since there is difficulty in

accessing sufficient data for empirical researdm¢8s and Laryea, 2006). One of the pioneer
researchers on stock market efficiency in Africeludes Samuel and Yacout (1981). In their
study of 21 listed Nigerian firms over a period2ofears, their research concluded that Weak-

Form efficiency of the market could not be reject&hrkinson (1984) while using auto-
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correlation tests on the Nairobi Securities excleaogncluded the 30 listed stocks to be weak
form inefficient. In 1994, Dickinson and Muragu,ing 30 listed firms in the NSE, found the

firm to be weak form efficient.

In a study of Botswana, Kenya, Mauritius, Zimbab@éana, Cote d’'lvoire, Nigeria and, South
Africa, Magnusson and Wydick (2002) used partigbaarrelation in examining monthly stock
returns. Excluding Zimbabwe and Ghana, the stockkets showed signs of weak-form
efficiency. Smithet al (2002) used multiple variance-ratio tests on eighican stock market
indices and concluded that the markets were weak-fioefficient. Similarly, Jefferis and Smith
(2005) determined that African stock markets wemakvform inefficient. In their study, a
GARCH model was applied on weekly stock marketdadito determine serial-dependence,
after which weak form efficiency was rejected usthg Africa All Share Index, Ntingt al
(2011) found that the stock indices across theigent were not normally distributed. Using
ranks and signs test, the study concluded thatrtarity of stock indices were weak form
efficient. Eight individual stock markets were alsioked and the same test performed, resulting
in weak form inefficiency of the same market. Thedy further pointed out that there was
significant improvement of informational efficienof the Africa All Share Index, compared to
individual stock markets. The implication of thesthat price discovery and eventual efficiency
of the African stock markets would significantly pnove if markets were to integrate their

operations.

Vitali and Mollah (2010) used multi approach methddnit root, runs test, autocorrelation and
variance ratio tests) to test the random walk Hypsis in 7 African stock markets. Only South
Africa proved to be of weak-form efficiency, withe random walk hypothesis being rejected in

the other countries. The conclusion was that spdaoes did not assimilate in the market fast
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enough to reflect on current stock prices. Inauaysbf the Nigerian Stock Market, it was noted
that although the market has developed signifigaotler the years, it remains informational
inefficient (Nwosa and Olasunkanmi, 2011). The atghfurther point out those financial
analysts in the market use historical pries in da¢ga to make above normal profits from the

market. Olowe (1999) found the same in his stud§nefNigerian Stock Exchange.

2.8 Constraints to investing in African Equity Markets

Several unique features of African equity marke¢sansidered constraints for foreign investors
seeking to benefit from stock markets in Africa,iethnaturally gain this advantage through low

market correlation (Mosst al, 2007).

2.8.1 Scale of the Market

African markets are explicitly small, with a matlapitalization of $573 billion for the entire
Sub Saharan Africa as of August 2011 (Bloomberd,120The larger markets in Africa have
capitalizations of $478 billion for South Africac®40 billion for Nigeria (Bloomberg, 2011). In
comparison, single listed companies in the USA teamtalization of approximately $4 billion,
the size of an entire country’s stock exchangeuh Saharan Africa. With reference to Gross
Domestic Product, African equity markets range leetww10% and 20% of a country’s GDP.
This is excluding South Africa, whose GDP is at wé&h the listed firms’ capitalization rate of

about 100% in the Johannesburg Stock Exchanged@&téhmand Poor’s, 2011).

2.8.2 Market Liquidity

Data from Standard and Poor’s (2001) indicates fomover ratios, with Nigeria and Kenya

recording 13% and 9% respectively. Other marketsroed turnover ratios of 4% and below.
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Brazil and India, developing countries also, reedrdimilar ratios of 75% and 66% respectively.
Equity markets in developed economies, on the diaed, constantly record turnover ratios of
100% and above. This is especially with referencegtitutional investors, who have minimum
trade requirements of $1-$5 million per trade (Md3amachandran and Standley, 2007). Such
markets are also considered risky as a resulte sancinvestor willing to exit a given position
may lack a willing buyer when need arises. Expyesbe market increasingly loses capability of

following the Random Walk Hypothesis (Smith, 2008).

2.8.3 Market Volatility

Emerging equity markets are highly volatile, wBnazil, India and China having a higher

standard deviation than all Sub Saharan Africa tembetween 2006 and 2011. This is with
the exception of Zimbabwe. In any case, investorAfrican equities are well compensated for
the risk they undertake in investing in these m@rk&lagidede, 2009). This ultimately becomes
a concern about market efficiency in these cousttiitimately, most of the emerging markets,
as mentioned above, are as volatile as Africantgquarkets and are even less vulnerable to

economic and financial crisis.

Alagidede and Panagiotidis (2010) go further togesy that African equity markets may
actually hedge against inflation. This is definft@ln advantage of investing in African equity
markets. In fact, volatility is more of a problemgberception than a real constraint compared to

other constraints such as liquidity and scale (MossRoss, 2013).

2.8.4 Foreign Exchange Risk

This is still a major hurdle in investing in Africastock markets, with other factors affecting the
exchange rate of an economy. They include bad weativersaries, inflation risk, global prices
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of commodities and unstable fiscal policies. A solu to this would be to float local sovereign
debt into the global bond market to stabilize locairencies in addition to supporting fiscal

balances (Moss and Ross, 2013).

2.9 Conceptual Framework

The conceptual framework provides an analyticalengvon the literature discussed earlier and
links it to the actual research to be carried outhie study. The variables relevant to the study
were introduced in this section, as well as theassh hypotheses and how the researcher tested

the hypotheses.

2.9.1 Variables

The daily market return, computed from the dailysahg NSE 20-Share Index will be used as an

individual time series variable.

Description of the variable

The study used one variable for analysis, thathis, daily market returns. The daily market
returns were preferred to daily stock prices sineirns make more sense to investors as
compared to the stock prices. Returns are the laetsalts of an investment, while price does not

reflect much with relevance to investors.

Name of variable Proxy d3cription
Daily Market Return R Natural Logarithm of market returns
Ri=1In (R/ Pu) (2.2)

where; R is the Market return in period t, P isphiee index at day t,:Ris the price index at
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period t-1 and In is the natural logarithm of tleélylmarket returns.

Logarithm returns are preferred because they aaéytacally better when linking short period
returns (Mobarek and Keasey, 2000). Mobarek andsé&e#2000) also argue that empirically,

logarithmic returns tend to be normally distributed
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter discussed the research design tharcbse employed in the study. Data collection
techniques, the study population and data analy®sd in the study were also discussed in this

chapter.

3.2 Research Design

A research design is a plan, structure and stratéggvestigation so conceived as to obtain
answers to research problems (Kerlinger, 1986)e#earch design basically has two major
functions; identification and development of proges$ required for the study and ensuring the
quality of these procedures to retain validity, eabjvity and accuracy of the same (Kumar,

2012).

Based on the nature of the investigation, the rekea used a time series model, in an attempt to
systematically describe whether the prices of thecks listed on the Nairobi Securities

Exchange are predictable and whether they folletandom walk model.

3.3 Study Population

The study population constituted the daily clogmmige index of the NSE 20-share Index for a
period of five years. This was in line with the etfjve of determining whether the market in

general is efficient in weak form for the statedipe of time.
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3.4 Study Sample

The daily closing NSE 20-share Index, which is aearage of the twenty best performing listed
company share prices, will be used in the reseditth.sample included 1256 daily observations
from the sample period of'Uanuary 2008 to 81December 2012. The study period was long
enough to ensure minimal effects of short term enun fluctuations on the study (Jarrel and
Kyper, 2005). The high frequency data was usedoadathe problem of thin trading that poses a
serious bias in empirical studies. Thin tradingc@mmon in emerging markets, where the

volume of traded stocks in a day is not as highpamed to that of developed markets.
3.5 Data Collection

Secondary data was used in the study, to inclute dasing NSE 20-Share Index observations
from 1% January 2008 to 81December 2012. The data was purchased online tihenNairobi

Securities Exchange database, through their offigebsite. This form of data collection was
appropriate, since the study compared past stoategrto test for any dependence or

predictability in change patterns.
3.6 Data Analysis

With the study adopting a time series model, umatartime series analysis was employed in
analyzing the data collected. The researcher u3&d@r's statistical package, in collaboration

with Microsoft Excel to carry out the analysis. Kam(2012) argues that statistics help a
researcher make sense of data, ascertain the exftehe variables’ relationships and place
confidence in your findings. Descriptive statist{tssts for normality) and inferential statistics

(serial correlation, runs test and unit root tegtsje carried out in the research process.
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3.6.1 Descriptive Statistics

Descriptive statistics enabled the researcher ggtick glance of the characteristics of the time
series model of the NSE daily market return. Thasgracteristics included the mean, median,

standard deviation, skewness and kurtosis.

3.6.2 Kolmogrov-Smirnov Goodness of Fit (K-S) Test

This is a non-parametric test that is used to deter how a set of data fits a given distribution
(poisson, uniform, exponential or normal). The clative distribution function for the daily

price indices of the NSE was compared to the K-8ipda to test homogeneity of the
distribution. The K-S test would should show a pueaof <0.05 at the 1%, 5% and 10%

significance level for normal distribution.

3.6.3 Runs Test

Also referred to as the Geary test, this is a narampetric test that is used to test randomness of
successive stock prices. This approach detectomamekss, which may not be caught by the
autocorrelation test. According to Reilly and Broy@2®00) a run occurs if two or more positive
or negative changes occur. The price change mhgredite upwards (+) or downwards (-). An
example which may constitute a run is + +- - - + + + - -, A price change in the opposite
direction, such as positive to negative, autombyi@nds a run. A run is indexed by two major

parameters, that is, the mode of the run (posdiveegative) and the length of the run.

The run test converts the total number of runs am@-Statistic. It is carried out by comparing
the number of runs in the price seriest@the expected number, u. A large sample size is

assumed to have a normal distribution, hence theotishe normal distribution, Z, for the runs

35



test.

z=R-ER) 3.1)
D
_ 2NiN:2 :
where; R = " +1 and E(R) is the expected number of runs, and ) (3.2
1 2
_ Y2NiN2(2NiN2 = Ni= N (3.3)

(N1+ N2)(N1+ N2-1)

where; N is the number of positive price changes,ifNthe number of negative price changes

and SD is the Standard deviation of the distributbthe number of price changes.

3.6.4 Autocorrelation

Also referred to as the serial correlation analyiss is a parametric test adopted to examine the
independence of successive price changes of st®ekametric tests are used to confirm the
findings of the non-parametric tests as well asetkient to of dependency also measured under
various statistical methods and parameters. Thecarrelation test is used to examine whether a
given set of data, in this case the NSE, followaradom walk model. The random walk model

can be expressed as:

Pi=PRai+ 1k (3.4)

where; Ris the daily closing NSE 20 share index at tigf@ tis the daily closing NSE 20 share

index in the immediate preceding period apndthe random term.

The price index chang@pP; = R, - P.; is basically 4, which is the noise or random Jagand is
assumed to be unpredictable. The error term shbel@fore be zero (0) since tomorrow’s stock

prices are expected to be the same as today’sbthémgplying unpredictability of the stock
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prices. The serial correlation coefficient measuhesdegree of dependence between itself (ut)

and its value earlier (ut-n) can be expressed as;

_ Covariance(L4, Lt - n)
Variance(t)

n

(3.5)

If the serial coefficient is zero (0), future stopkices are unpredictable and the random walk

model stands.

Positive autocorrelation is an indication of retysredictability while negative correlation
indicates a mean reversion in returns. Mean remerbasically implies that the stock, though
below the average price at the current market pecentually rises and gets to the average price.
The Durbin-Watson d-statistic was the first testiébect absence or presence of serial correlation
between successive daily market returns. The \afltlee d-statistic was expected to lie between
0 and 4, with a value of 2 indicating absence of sarial correlation. Any values approaching 4

signify negative serial correlation while any vaduewards 0 signify positive autocorrelation.

Durbin’s alternative test for correlation was als®d, to confirm results obtained from the DW

d-statistic test and the tabulated results predente

3.6.5 Unit Root Test

Unit root tests are used to measure stationarity tine series model. A series that is initially
stationary after the first differencing is conselto contain a unit root. The presence of a unit
root means the time series is non-stationary atitlg follows a random walk. The Augmented

Dickey-Fuller (ADF) test was used to test for timt woot.

In the ADF test, three forms of the random walk elodlere considered, namely; pure random
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walk model, random walk with a deterministic tremdd random walk with a drift. The null
hypothesis would be rejected if the computed absatalue is significantly less than the critical

values at 1%, 5% and 10% significance levels.

Tables, line plots and figures were used in daésemntation, where the research findings were

displayed. These are easy to comprehend in themqegson of statistical findings.
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CHAPTER FOUR

FINDINGS AND DISCUSSIONS

4.1 Introduction

This chapter provides statistical analysis of teeosdary data collected for the purpose of
fulfilling the research objectives, discussed ireyious chapters. Using the methodology
discussed in chapter three, the data was analysed S8TATA statistical package. The chapter

goes further to present and interprets the findofghe study.

4.2 Descriptive Statistics

A basic assumption in testing for a random walk eldslthat the time series should have normal
distribution. Table 1 below summarises the deseepanalysis of the distribution of the natural

logarithm of the market returns.

TABLE 1

Descriptive Statistics and Distribution of the Daiy Market Returns

Variable Obs Mean Std. Dev. Min Max Variance Skesgne | Kurtosis

In_Rmt 1256 -0.0001794 0.0101531 -0.0804511 0.0¥333 0.000103 0.6714979 15.05822

A mean of -0.0001794 was observed from table 1 aliothe return series, indicating a negative
average daily market returns on the on the NSEs Téypresents the average return an investor

gets back from their investment.

The standard deviation of 0.0101531 representsgkean investor is exposed to when investing
in the NSE. The NSE is therefore a low risk inugstt, considering the value of the standard

deviation. Risk is measured by the standard dewiaind the variance, with the former being the
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square root of variance. The standard deviatioegythie original unit, the daily market return in

this case, as opposed to the squared unit wheangaris considered.

The minimum daily return of investing in the NSE@s0804511, with the maximum daily return

an investor can make being 0.0773313.

Skewness was used in the data analysis to indasgtemetry and general distribution of data
from normal distribution. The observed skewnesB.6714979 indicated that the data was right
skewed. This means most of the data was concemttatéhe left of the mean, with extreme

observations distributed to the right of the mean.

Kurtosis is an indicator in data analysis usedhowsthe sharpness or flatness of the peak of
observations. The kurtosis value 15.05822 indicadedharper than normal distribution of
observations. The distribution of values was arotimedmean, with thicker tails and this implied

that extreme values were many in the time serieis i§ referred to as a Leptokurtic distribution.

To confirm the findings of the distribution of datathe series, a non-parametric test in the form
of the Kolmogorov-Smirnov (K-S) test was appliedhe time series and the results presented in

table 2 below.

TABLE 2

Kolmogorov-Smirnov Test on the NSE Daily Market Retirns

Smaller group D P-value Corrected
In_Rmt: 0.9626 0.000

Cumulative: 0.0377 0.028

Combined K-S: | 0.9626 0.000 0.000
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The test compared the cumulative distribution t& Kample to detect homogeneity between the
respective values. The D value represented thetasstic or difference and the P and combined
K-S values represented the chances of observinD tr@ue or more extreme values. Since the P
value is <0.05, the null hypothesis that the daés wormally distributed was not accepted and
the return series was therefore not normally disted. To complement the K-S test for

normality, a histogram was generated to show tstildution of the data, as shown below.

FIGURE 1
Distribution of the NSE Daily Market Return Series
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The time series data appears to be skewed toght with extreme values on the right side of
the histogram. This certainly means that the dataat normally distributed, since a mirror
image would not be replicated if figure 1 above lddee split right down the middle. The major

implication of having asymmetrical data is that @ssumption of the random walk is that the
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data should be normally distributed. Absence ofmadity in the time series model meant that
the researcher had to include non-parametric tedtssh are better used for non-normal data,

although both tests were performed for consisterficgsults.

4.3 Runs Test

This is a non-parametric test that was employeadietect randomness of data in the daily market
return series. The runs test ignores the distoali properties of data, regardless of normal or

non-normal distribution of data.

TABLE 3
Runs Test on the NSE Daily Market Returns - 02 Ja2008 to 31Dec 2012

N(arma23 <= 6.60688215465e-06) = 628

N(arma23 > 6.60688215465e-06) = 628

obs = 1256

N(runs) = 596

z =-1.86

Prob>z = .06

The runs test results were presented in table @ealvih the probability value being greater than
alpha (0.05). This means that the value of z (186 between the required + 1.96 for the time
series to be random. The null hypothesis was therefccepted and the return series was said to

generate successive returns randomly.

4.4 Autocorrelation Tests

Autocorrelation tests compare the value of curmaarket returns to previous market return
values to detect any form of dependence betweewndlnes. A random walk model is supposed

to have independent change of market returns, ditoamwhich was tested in the study.
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The Durbin-Watson test was used to test for autetaiion. The findings were presented in

table 4 below.

TABLE 4

The Durbin's Alternative Test for Autocorrelation

lags(p) chi2 df rab > chi2
1 181.742 1 0
HO: no serial correlation

Table 4 above tested the time series for auto@iroel with results showing that Prob > chi2 is
zero (0). This means that the daily market retwase serially correlated and therefore the daily

market return time series was concluded not tafil@ent in weak form.

Durbin’s alternative test was also employed in shaly, with the results presented in table 4

below.

TABLE 5

Durbin-Watson d-statistic

| Durbin-Watson d-statistic( 1, 1256) = 1.284811

The value 1.284811 indicated a strong positive @rtelation in the time series. The daily
market returns on the NSE were therefore seriatiyretated and the null hypothesis of
independence of successive daily returns was epéed. The Durbin-Watson d-statistic values
range between 0 and 4, with a value of two indigatabsence of autocorrelation between
successive observations in the time series. Anyieglapproaching four indicate negative

autocorrelation while values approaching two intliqzositive autocorrelation.
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4.5 Unit Root Test

The unit root test, through the Augmented Dickejldfulrest was used to test whether the time
series was stationary or not. The presence oftaowi signifies non stationarity and therefore a
random walk, which is the null hypothesis of thedst The first test for stationarity was

conducted using a line plot, presented in figubeRw.

FIGURE 2
Line Plot of the NSE Daily Market Return Series
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From figure 2 above, the time series appearedostaty, since the spikes oscillate around the
same area. The time series appeared to contaiit ap therefore the null hypothesis could be
rejected and the return series concluded not téoocaonto the random walk. The period between
January 2008 and January 2009 appears to havenextetivity compared to the other study
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periods. This was attributed to the uncertain alitenvironment the country was in after the
2007 general elections, where the market experieracéot of turbulence. Given that most
investors in the NSE are foreigners, the politisatertainty exposed the market to a lot of
speculation and therefore the market reflectedabibty at the time. The market eventually
leveled out in subsequent years as observed iryahes after 2009 after political differences

were sorted out and this again reflected in the NSE

To support the observations from the line plot,oare&logram was used to detect stationarity,

with figure 3 below presenting the findings.

FIGURE 3

Correlogram of the NSE Daily Market Return Series
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The lags start decaying to zero after lag 3. Nevdliecay of the lags is observed; hence the
series is observed to be stationary, thereby iappthe null hypothesis of presence of a random
walk in the return series. The systematic decayhef first three lags was attributed to the
turbulence of the markets in the period after teeegal elections in the year 2008, during which
the political environment was not sustainable fasibess. Speculation was rife at the NSE

during this time and this reflected in the stocices then.

The Augmented Dickey-Fuller Test was then performedhe NSE time series, with tables 6, 7
and 8 presenting the results. Three forms of thdam walk model were considered, namely the

pure random walk model, random walk with a deterstimtrend and random walk with a drift.

TABLE 6
Pure Random Walk

Test Statistic 1% Critical Value 5% Critical Value| 10% Critical Value

Z(t) -18.364 -2.580 -1.950 -1.620

D.In_Rmt Coef. Std. Err. t P>t [95% Colriterval]
In_Rmt

L1. -.5855122 .0833 -18.36 0.000 -.648065229617
LD. -.0936461 .02807 -3.34 0.001 -.14872-16385646

Comparing the computed test statistic value of3@48.to the critical values at 1% (-2.580) , 5%
(-1.950) and 10% (-1.620) significance levels, &swclear the computed absolute value is
significantly less than the absolute values attitecal levels. This led to the rejection of thelin
hypothesis, of presence of a unit root in the dafrket return series.

TABLE 7

Random Walk with a Trend

Test Statistic 1% Critical Value 5% Qrati Value 10% Critical Value
Z(t) -18.383 -3.960 -3.410 -3.120
MacKinnon approximate p-value for Z(t) = 0.0000

D.In_Rmt Coef. Std. Err P>t 5p Conf. Interval]
In_ Rmt
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L1. -.5874895  .031958 -18.38 0.000 -.6502885247909

LD. -.0926194  .0281067-3.30 0.001 -.1477610374777
_trend 7.02e-07 7.32e-0 0.96 0.338 18 2.14e-06
_cons -.0005178 .00054060.96 0.338 -.001578605428

For the random walk with a trend, the computed sesistic is -18.383, and is significantly less

than the critical values at 1% (-3.960), 5% (-3)4a0d 10% (-3.120) significance levels. The

null hypothesis (presence of a unit root in thenreseries) is therefore rejected and the series is

concluded to be stationary.

TABLE 8
Random Walk with a Drift

Test Statistic 1% Critical Valug 5% Critical Value| 10% Critical Value

Z(t) -18.359 -2.329 -1.646 -1.282

p-value for Z(t) = 0.0000

D.In_Rmt Coef. Std. Err. t P>t [95% Conftdrval]

In_Rmt

L1. -.5856641 .0809 -18.36 0.000 -.64824.5230787

LD. -.0935641 .02868 -3.33 0.001 -.1486%.0384581
_cons -.0000667 .000266 -0.25 0.802 -.000889004564

The third unit root test performed was the randoatkwith a trend, which had a computed test

statistic of -18.359, a value much smaller thanahsolute critical values at 1% (-2.329), 5%

(-1.646) and 10% (-1.282) significance levels. Tia# hypothesis was therefore rejected and the

return series adjudged to be stationary and ther¢he random walk model did not apply to the

NSE.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Summary

The data analysis in chapter four used descripstatistics, non-parametric tests (the
Kolmogrov-Smirnov test and runs test), parametegts (autocorrelation tests) and finally the
unit root test. The descriptive statistics were amt@nt in studying the distribution of the return

series and analyzing the properties of data digich.

5.1.1 Descriptive Statistics

Table 1 in the previous chapter presented theiloligion of data, followed by the respective
interpretations. A mean of -0.0001794 signifiedt tiee NSE has a negative return and that the
prediction of the same brings negative returnsneestors. The study found the standard
deviation to be relatively low at 0.0101531, megrtime risk of investing in the NSE is quite low
for investors. The least return an investor carp feam the bourse is -0.0804511, with the
highest return an investor can make be)@j773313. The NSE return series was found to be
Leptokurtic with many extreme returns observed arsttewness of 0.6714979 meaning most of
the investors made returns above zero. The retmass however, was not normally distributed

as confirmed by the confirmed Kolmogrov-Smirnou iegable 2.

5.1.2 Runs Test

To test whether the daily market returns were ramdbe runs test performed on the NSE daily

return series gave a z value of -1.86 as observéabie 3, and since it fell between the required
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+1.96, the successive returns on the NSE were gdedlto be generated randomly and the null

hypothesis was accepted.

5.1.3 Autocorrelation Tests

The study employed a couple of tests to test foe@ndence of successive stock market returns
on the NSE, the first one being the Durbin Watslber@ative test for autocorrelation. The NSE
return series was found to be serially correlasedthe successive returns were not independent

of each other. This means the returns are predictata the null hypothesis was rejected.

The Durbin Watson d-statistic was also computed taedvalue of 1.284811 was observed in
table 5. This regarded the NSE returns as veryglyaorrelated, hence successive returns were

said to be predictable.

5.1.4 Unit Root Test

The third and final test was conducted to testNIS& return series for presence of a unit root,
that is, the presence of non-stationarity in theese This, the researcher achieved, by first
plotting a line plot using the natural logarithmdsily market returns. The line plot on figure 2
indicated the NSE daily market return was statipntivereby rejecting the null hypothesis that

the series bourse was non-stationary.

A correlogram was then generated to confirm thdifigs and the result also concluded the NSE
return series to be stationary. The lags as obddanvégure 3 started decaying after lag 3 and
therefore the slow decay to zero that was requioedccept the null hypothesis of stationarity

was rejected. This meant that a unit root was alesahthe returns were not random.
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The third test employed was the Augmented DickeyeFtest, which also tested for stationarity
of the NSE daily market return series. The researoployed the three models for the ADF test,
namely; pure random walk, random walk with a daftd random walk with a deterministic
trend. The three models, as observed in tablesa®d78 all gave a result of the computed test
statistics being significantly smaller than thetatistic critical values at 1%, 5% and 10%

significance levels, concluding that the series iadinit root and therefore was stationary.

5.2 Conclusion

The general argument based on the reviewed litergithat for a stock market to be efficient in
weak form, the prices and market returns have toabdom and unpredictable. This is done
using three main tests, namely the runs test, atlation tests and the unit root test which tests

a time series for stationarity.

Mixed results were obtained from the research, with runs test agreeing with the null
hypothesis that the successive NSE returns arenama nature. The runs test, however, could
be considered a test for linearity and therefore vesy reliable for the study. Mlambo and
Biekpe (2007) in their test of efficiency of tenri&kn stock markets concluded that market
returns are generated in a non-linear process lamdveak structures of the African markets

violate linearity. Linear models would thereforadeto wrong conclusions.

The autocorrelation tests all found serial corretatn the return series, rejecting the assumption
that successive daily market returns in the NSEiradependent of each other. This led to the
researcher concluding that the Nairobi SecuritigshBnge was not efficient in weak form. In
their study of the Nigerian Stock Exchange, Nwasd @seni, 2011, found positive correlation

of successive stock prices and concluded thatttwk prices would be predicted using previous
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prices and therefore the market was not efficienweak form. The study further pointed out that
the Nigerian stock market had made positive stridigb regard to making the stock market
more efficient, but the global financial crisis 2008 slowed down the market. This can be
compared to the Nairobi Securities Exchange, wheealdition to the financial crisis; the post-
election violence took a toll on the market andvad down the progress that had been earlier
made. The positive correlation in the daily maniettirns implied the returns were predictable
and therefore the market was not efficient in wéakn. Batuo, Guidi and Mlambo (2009)
explained that positive correlation found in thetudy of African stock markets meant that
successive prices were predictable and thereferentrkets were not informational efficient to

be efficient in weak form.

The unit root tests failed to find a unit root etNSE return series, with the Augmented Dickey-
Fuller test, the line plot and the correlogram iimgdthe series to be stationary. This led to the

conclusion that the NSE return series is not effitin weak form.

The conclusion that the Nairobi Securities Exchasgeot efficient in weak form does not mean

that the bourse is inefficient. The presence oind oot in a time series and the absence of
autocorrelation in the same is a requirement ferrandom walk model, but lack of the same
does not mean inefficiency. Kwang-Soo and Sang¢(Ba91) put across the argument that if the
random walk model holds, the weak form efficientked hypothesis holds, but the vice versa is
not applicable. Violation of the random walk, howewdoes not imply market inefficiency. The

autocorrelation tests and the unit root tests shatv the Nairobi Securities Exchange does not
conform to the random walk model therefore do neamthat the Nairobi Securities Exchange

is inefficient.
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5.3 Recommendations

The Nairobi Securities Exchange was concluded mdiet weak form efficient, although it was
made clear this does not mean that the boursesficient. Some reasons could be behind this,
such as weak institutional policies and thin tragdiit is therefore recommended that the Capital
Markets Authority should ensure that relevant infation regarding listed firms on the NSE
should be released immediately to give each andyemeestor a fair playing ground. It should
also be noted that infrequent trading on the mariagt be a cause for the market not conforming
to the random walk model. The NSE should take @nughem to properly educate the public and

potential investors on the advantages of investirtge NSE.

The researcher would also propose that future esuidiclude weekly and monthly return series
in addition to the daily return series. This woulgprove the consistency of the results on the
three levels and give the findings more weight eeleévance. The use of a longer period of time,
that is, more than the five year period used fergtudy, would give better results, since more

data is collected.
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