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This study examines the ISX in weak-form
market efficiency from August 2014 to August
2024 by testing the random walk hypothesis using
daily data for the 57 individual constituents of the
ISX60. The paper applies a number of statistical
techniques, including unit root tests (Augmented
Dickey-Fuller and Phillips-Perron), autocorre-
lation (Ljung-Box Q-statistic), and variance ratio
and runs tests. We report evidence of statistically
significant bias against the random walk hypothe-
sis. While all stocks demonstrate stationarity,
70-79% of the stocks are stated to have violated
the hypothesis of the random walk on several tests
at the 5% significance level. The index also
exhibits particularly strong evidence of market
inefficiency, with variance ratio metrics falling
within the 0.50-0.75 range, demonstrating
evidence of market inefficiency and significant
mean reversion. This information suggests that
empirical data from prior prices can indeed
predict possible returns, thus demonstrating a
weakness in the weak-form efficiency of the
market. In combination with evidence from prior
research on border markets, attributed to thin
trading, limited market liquidity, information
asymmetry, herding behavior, and a lack of
strong market infrastructure, this research helps
to identify the potential for technical trading and
suggests that transaction costs may hinder market
inefficiency. The research also identifies several
areas of focus for market infrastructure, such as
enhanced liquidity, improved frameworks for
disclosures, and a greater role for institutional
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Hocnioocenns  oyinioe  inghopmayitiny  egex-
mueHicme punky 1SX 3a nepioo 3 cepnns 2014 p. no
cepnenv 2024 p. wnsxom nepesipku 2inomesu npo
BUNAOKOBUIL XAPAKMEDP 3MIHU YiH 3 BUKOPUCTAHHAM
wjo0eHHUX OaHux onst 57 oxpemux cknadosux ISX60.
3acmocoeano HuzKy cmamucmuuHux memoois,
30Kpema mecmu Ha OOUHUYHT KOPeHi (DO3uupeHutl
mecm [iki-@ynnepa ma Il ['imwinca-Ileppona),
aemoxopenayito (Q-cmamucmuxa Jlonea-bokca)
ma KoegiyicHm OuUcCnepcii, a maxKoic nPoBOOUMbCsL
mecmyeanns. Buaeneno cmamucmuyno 3nauyuyi
00Ka3U GIOXUIEHHsL 6i0 2INOMe3u CMOXaAcCmuyHoi
OuHamiku yin. Xoua 6ci axyii OeMOHCmpYIomb
cmayionapuicms, 70-79% axyiil, ax cmeepoicy-
€MbCsA, NOPYWUIU 2inomesy CmMoxacmuyHoi ouHa-
MIKU YiH 3@ KUIbKOMa mecmamu Ha  Pi6Hi
suauywocmi 5%. Inoexc Oemoncmpye ocoonuso
8a20Mi QOKA3U HeeheKMUBHOCT PUHKY, NPUHOMY
NOKA3HUKU Koeghiyienma oucnepcii nepedysaromo y
dianaszoni 0,500,735, wo ciouums npo GioxuneHHs
6i0 2inomesu egekmueHOCMi ma  HASAGHICTb
eghexmy nosephentsi 00 cepeoHbo2o 3Hauenns. Lle
6Kazye HA me, WO eMnipuuni OaHi 3 NONEpPeoHix
npaiicié OUCHO MOJNCYMb NEPeOdAAmMU MONCTUBY
npubymrosgicms, O0eMOHCMPYIOUU MAKUM YUHOM
cnabkicme eghekmusHocmi purKy. Y noeoHawnHi 3
OaHUMU NONEPeoHix 00CTiOHCeHb NPUKOPOOHHUX
PUHKIG, SIKI NOSACHIOOMbCL CIAOKOI0 MOP2IGaeio,
00MedHCeHOI0 TKGIOHICIIO PUHKY, THHOPMAYITIHOW
acumempiero, cmaoHol0 NOBEOIHKOI0 Ma Hedoc-
MaAmHb0  PO3BUHEHOI0  PUHKOBOIO  TH(hpacmpyk-
Myporo,  OOCTIONCEHHST  OONOMALAE  BUSHAYUTNU
nomeHyian Oisk MEeXHIYHOT Mopeieni ma nPueoOUMb
00 NpunywjeHHs, wo MpAaH3aKYiiHI SUMPAMu
MOJHCYMb CIMPUMYBAMU NPOSIBU PUHKOBOT Heeqhek-
muerocmi.  JlocniodicenHst  8U3HAYAE  KUIbKa
HANPAMI@ PO3BUMKY DUHKOBOI iHppacmpykmypu,
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investors to foster market stability. The proof aids
in the comprehension of the efficiency dynamics
of frontier markets and the Iraqgi equity market’s
impact on economic growth.

Keywords: random walk hypothesis, market
efficiency, Iragi Stock Exchange, frontier mar-
kets, variance ratio test, emerging markets.

30Kpema niosulenHs ikgiOHOCHI, 800CKOHAIEHHS
cucmem po3kpumms iHgopmayii ma nocuneHHs
POl THCMUmMyYitiHux iH8ecmopie y CHpusiHHi cma-
oinbHocmi punky. Ompumari pe3yiemamu Oarms
3M02Yy Kpaue 3p03yMimu OUHAMIKY epekmueHocmi
NPUKOPOOHHUX — DUMKIG MA  GHAUE  IPAKCLKO2O
@POHO06020 PUHKY HA EKOHOMIUHE 3POCIAHHSL.

Knwouoei crosea: Tinore3a BHIAIKOBOTO
OiykaHHs1, eeKTHBHICTh PUHKY, Ipakchka (OHI0BA
Oip>ka, IPUKOPJIOHHI PUHKH, TECT Ha Koe(iuieHT

JICTIEPCii, PUHKH, 1110 PO3BUBAIOTHCSL.

JEL Classification: G14, G15,C58, (12, 016.

Introduction

In the domain of finance, Fama (1970) developed the efficient market
hypothesis, which posits that all available information is incorporated into
asset prices. For the weak-form market efficiency hypothesis, which is the
focus of this study, the current price captures all available information on
previous price series, meaning that the price can be analyzed to make
abnormal returns. This is tested through the random walk hypothesis (RWH),
which presumes that price changes are independent and come from the same
distribution. When stock returns are analyzed to determine whether they
follow a random walk, we arrive at weak-form market efficiency, a paradigm
shift in the understanding of investment, regulation, and financial theory.

Theoretically, there has been a lot of work done on the efficiency of
markets in developed economies; on the other hand, frontier markets are still
relatively unexplored despite their increasing significance in worldwide capital
investment. Frontier markets are smaller in size, have less liquidity and lower
institutional participation, and have unformed regulatory frameworks. These
characteristics present unique obstacles for efficient price discovery.
These markets are very useful for testing different combinations of variables,
such as institutional and market microstructure, resulting in various levels of
efficiency. In particular, the Middle East and North Africa (MENA) regions
have varying degrees of efficiency, with some markets exhibiting develop-
mental characteristics and others remaining significantly inefficient.

The Iragi Stock Exchange (1SX) began operations in 2004. The exchange
is one of the smallest and underdeveloped stock markets in the Middle East, with
a market capitalization of less than 1% of the Arab Financial Markets. The daily
trades of 1SX show typical characteristics of frontier markets; these include
limited liquidity, more retail investors than institutional, greater trading
volatility, limited foreign investors, and political and economic risk. The ISXis
vital in distributing economic resources related to the reconstruction of Irag. The
market infrastructure has been adapted to facilitate electronic trading, introduced
in 2009, and the 1SX60 index. However, the efficiency of the market continues
to be in question.

The most recent research publications indicate that analyses of studies
concerning the lraqgi stock exchange (ISX) have temporal limitations
(2004-2020) and certain limitations (Kaehler et al., 2014; Asaad et al., 2015;

78 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 3



DIGITAL SPASE

Asaad & Al-Delawi, 2022; Saleem et al., 2023). To date, no study has
conducted a multi-method, longitudinal analysis that spans a decade and
examines the universe of ISX 60 constituents, including the COVID-19
crisis. The literature on frontier markets, unlike the I1SX, shows chronic weak-
form inefficiencies due to insufficient trading, asymmetric information, and
poorly developed structures (Lee & Choi, 2023; Said et al., 2024).

The aim of the article is to assess Weak Form Market Efficiency on
the Iragi Stock Exchange by analyzing the Random Walk Hypothesis. The
study employs a robust dataset consisting of daily records from August 2014
to August 2024, spanning 10 years and covering 57 constituent stocks of the
ISX60 index and the ISX market index.

The central hypothesis of this research is that daily stock returns on
the Iragi Stock Exchange follow a random walk — that is, successive price
changes are independent and identically distributed — consistent with weak-
form market efficiency. This hypothesis is tested, and its validity is assessed
through the convergent application of multiple statistical tests.

The approach for this investigation begins with the logarithmic daily
returns and attempts sequentially the following: (1) unit root tests
(Augmented Dickey-Fuller and Phillips-Perron) to determine if the data
exhibits stationarity; (2) for some levels of serial correlation, we do an
autocorrelation (Ljung-Box Q-statistic) at lag 5, 10, and 15; (3) Variance
ratio tests (Lo & MacKinlay, 1988) for the holding periods of k = 2, 4, 8, and
16 days to determine any predictability of returns; and (4) to determine the
presence of non-parametric runs (Wald & Wolfowitz, 1940) to determine if
there is randomness with no distributional assumptions. Official records of
daily closing prices from the Iragi Stock Exchange are the source of data for
this study. The primary limitation of this research is the fact that non-linear
dependencies and transaction costs are modelled implicitly.

Though research regarding the Iragi market is quite sparse, it shows the
same market inefficiencies. A majority of the studies, however, focus on shorter
time horizons and/or use simplistic approaches. This study strengthens the
literature by presenting updated and detailed evidence of weak-form market
inefficiencies in the Iragi equity market. Concretely, we examine the 1SX60
Index’s 57 constituent stocks, and we assess and analyze the market’s 10-year
daily data from the time period of August 2014 through August 2024, which is
characterized by distinct and diverse sets of economic and political events,
inclusive of the COVID-19 pandemic, from which we draw the greatest amount
of time-domain variance. To analyze the Iraqgi stock returns, which reflect the
independence and the unpredictability, we use the Random Walk hypothesis,
through the use of rigorous statistical unit root tests (Augmented Dickey-Fuller
and Phillips-Perron), the autocorrelation tests (Ljung-Box Q-statistic), the
variance ratio tests, and the non-parametric runs tests.

There are three contributions to the research. First, it delivers the latest
and most detailed analysis on the current 1ISX60 constituents by providing an
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extension on previously done work, including updated data until the
year 2024. Second, the application of various complementary methodologies
(both parametric and non-parametric; time and frequency domain) offers
supporting findings on market efficiency, reinforcing the conclusions beyond
a single-test approach. Third, by assessing efficiency on the individual stock
and the overall index levels, the analysis ascertains whether diversification
impacts efficiency characteristics, a query that has clear implications for the
construction of portfolios in frontier markets.

The remainder of the paper is organized as follows: section 1 discusses
the market efficiency theories and reviews the relevant empirical research
available for the MENA region and for Irag in particular as an atypical
representative of the emerging and frontier markets. In Section 2, the author
outlines the data and the techniques employed to evaluate the random walk
hypothesis. In Section 3, the author presents the results of the random
walk hypothesis, which are exemplified by descriptive statistics, unit root tests,
autocorrelation tests, variance ratio tests, and runs tests. In Section 4, the author
outlines the results of the random walk hypothesis, provides an analysis of the
results, compares the findings to those from other markets, and examines
the results from the perspective of practitioners and policymakers.

1. Literature review
1.1. Theoretical framework

Market efficiency as a concept and area of inquiry begins with the
Efficient Market Hypothesis (EMH). Its origin can be traced back to the work
of Fama (1970). In Fama’s definition of an efficient market, he states that an
efficient market is one where "security prices fully reflect all available
information"”. Fama introduced this formulation of the market efficiency
criterion together with the now-common classifications of weak-form, semi-
strong, and strong-form market efficiencies. Under the criteria of weak-form
efficiency, prices are said to fully reflect all information contained in past prices,
and thus, the practice of technical analysis will never succeed in generating
positive abnormal returns. The Random Walk Hypothesis (RWH) is the
articulation of this concept in which it is alleged that successive price changes
will be a series of independent and identically distributed random variables.

The source of the mathematics behind the random walk for the first
time was Samuelson (1965), who showed that in an informal efficient market
and rational expectations, anticipated prices will have to vary randomly.
Subsequently (Fama, 1991), accepted that there are some predictable features
of returns, but he brought in the "joint-hypothesis problem™: market
efficiency cannot be tested without an asset pricing model. This theoretical
warning is particularly pertinent for an efficiency test, since the rejection of
a random walk could be an indication of model misspecification or real
inefficiency.
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1.2. Methodological developments

Of the many possible ways to test the random walk hypothesis, the
most popular is most likely the variance-ratio test, as proposed by Lo and
MacKinlay (1988). Lo and MacKinlay, in constructing their test, state that,
in the case of RWH, the variance of k-period returns must equal k times the
variance of 1-period returns. Subsequent improvements include the multiple
variance ratio test by Chow and Denning (1993), which aims to eliminate the
bias of sequential testing, and Wright (2000), a non-parametric test that
employs ranks and signs to obtain the exact null distribution.

Another critical aspect of the methodology is the use of unit root tests.
The ADF test (Dickey & Fuller, 1979) determines whether a given time series
has a unit root, with a random walk in prices/returns being the stationarity
condition. The non-parametric, serial correlation robust corrections of Phillips
and Perron (1988) and the reverse null hypothesis of stationarity proposed by
Kwiatkowski et al. (1992) — the KPSS test — were applied to the series. The
Ljung-Box Q-statistic (Ljung & Box, 1978) offers direct proof of serial
correlation by analyzing whether the past returns can predict the future returns.

1.3. Evidence from emerging and frontier markets

Numerous studies confirm that less developed markets show less
efficiency than developed ones. (Bekaert & Harvey, 2003) provided one of
the first and most complete studies of the characteristics of emerging markets,
where they highlighted greater volatility, lower liquidity, and higher
segmentation. More recently, Lee and Choi (2023) analyzed 60 markets
using multifractal detrended fluctuation analysis, and they showed that all
frontier markets possess Hurst exponents that are significantly greater than
0.5, indicating persistent and non-random behavior in the markets.

Specific emerging markets have predominant studies that show the
rejection of the random walk hypothesis. (Nazlioglu et al., 2024) say that
sharp structural breaks seem to reject the inefficiency, and these breaks test
gradual shifts, so the authors provide more support for the EMH and state
that there is a methodological point to consider. For Asian markets, for
example, Shamshir et al. (2018) document strong serial dependence in
Pakistan, as Elangovan et al. (2022) also find India’s inefficiency in the
Bombay Stock Exchange. On the other hand, Jr. & Camba (2020) find
the Philippine market efficient using the Chow-Denning test, and provide an
example. (de Villiers et al., 2020) is the one study for inefficient African
Frontier Markets. Using a non-linear ESTAR model on the eight
African Markets, de Villiers finds mean reversion and an asymmetric
adjustment that does not fit the random walk hypothesis.
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1.4. MENA region evidence

The majority of research pertaining to the MENA markets shows
MENA markets as inefficient in the weak-form. Multiple variance ratio tests
by Al-Ajmi and Kim (2012) applied to all GCC markets show RWH to be
rejected for Saudi Arabia, UAE, Kuwait, Oman, Qatar, and Bahrain, even
after accounting for thin trading. Jamaani and Roca (2015) built on this
analysis and documented inefficiency in the GCC markets, both in isolation and
in unison. More specifically for Saudi Arabia, Al-Faryan and Dockery (2021)
contend that although the RWH was rejected in total for the Saudi market
over the period of 1994-2016, efficiency did seem to improve post the 2007
corporate governance reforms, thus supporting the notion of increasing
efficiency.

Markets in Turkey are a notable exception (Gozbasi et al., 2014), who
conducted non-linear unit root tests on Borsa Istanbul and found that
although there is non-linear behavior, the market follows a random walk,
which is in line with weak-form efficiency. Evidence for the remaining
MENA markets is distinctly negative. Obeidat et al. (2021) do not support
RWH for the Amman Stock Exchange in Jordan, whereas Ananzeh (2021)
identified inefficiency in Jordan, Egypt, Saudi Arabia, the UAE, Bahrain, and
Oman, and concluded that the absence of regulatory reform is a cause.
Al-Khazali et al. (2007) provide a significant methodological caveat, as they
showed that thin trading adjustments of a particular kind can change
outcomes, and they found efficiency in eight MENA markets after bias
correction.

1.5. lraqi stock exchange research

Although the Iraqi Stock Exchange is relatively young (established
in 2004; electronic trading 2009) and research on the Exchange is still at a
primary level, studies have been describing the market as inefficient.
(Kaehler et al., 2014) was the first to study the ISX, and it was based on
a 2004-2013 data time frame. The study utilized variance ratio tests and
GARCH modeling to analyze the market, and subsequently was one of the
first to reject RWH. He also mentioned the lack of liquidity as a dominant
factor. The study noted ISX movement as being dominated by changes in the
market exchange rate, security situation, and electricity, and not by changes
in fundamental information.

Subsequent studies confirm inefficiency. Asaad et al. (2015) analyzed
data from every day of the period 2010-2014 using several techniques; all
tests led them to reject the RWH. All of the previous studies on RWH cite
Asaad et al. (2015), and this individual bank stocks survey covers the years
2004-2014 and concludes that every single one of the bank securities is
inefficient; this was the first study of a single sector for the ISX. Asaad and
Al-Delawi (2022) cite RWH as rejected for 2019-2020 industrial companies
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for the most recent studies, and Saleem et al. (2023) cite inefficiency for all
years to 2023 for ISX and the Arab Federation of Exchanges index.

Studies conducted during the COVID-19 pandemic corroborated these
findings. Asaad (2021) applied the ARDL methodology to the I1SX60 index
and confirmed its inefficiency, experiencing significant effects from oil
prices and no significant effects from gold and the exchange rate, consistent
with the local, insulated market. Marane (2022) synthesized the literature on
the Iraq stock exchange (ISX), noting that its market capitalization accounts
for less than 1% of the total market capitalization of the Arab financial
markets and describing the persistent low liquidity, high political risk, and
illiquid information/research dissemination environment.

1.6. Explanations for market inefficiency

From the literature, there are many mechanisms that describe the
mismatches in the efficiency of frontier markets. Due to a lack of volume or
liquidity constraints, dead/stale prices create a false autocorrelation; however,
Loc et al. (2010) showed that inefficiencies in the Viethamese market continued
to exist despite thin trading corrections. Said et al. (2024) show that, across five
emerging markets, the most important factors influencing the time-varying
efficiencies are liquidity, volatility, and transaction costs.

Institutional elements are crucial. Weak property rights inhibit informed
arbitrage, resulting in greater price synchronicity in emerging markets (Morck
et al., 2000). In South Korea and Taiwan, but not in more developed markets,
Chang et al. (2000) attributed significant non-linear herding to poor disclosure.
Lesmond (2005) found that transaction costs in emerging markets are, on average,
about double compared to developed markets. Saffi and Sigurdsson (2011)
showed that obstacles to short-selling inhibit the assimilation of negative
information, which worsens price efficiency.

Focusing specifically on Irag, in one of the previous studies, the author
identified the lowest earnings quality in the region and linked poor disclosure
to inefficiency in the market (Hassan, 2018). Negative disclosure, low market
liquidity, weak institutional structure, limited analyst coverage, high cost of
transactions, and information asymmetry all combine to create difficulty in
the environment of price discovery, affirming the inefficiency that is
documented across all 1SX studies.

1.7. Research gap and contribution

While prior research has confirmed the inefficiency of the Iraqi Stock
Exchange, this study has several novelties. First, it provides the latest detailed
analysis of all constituents of the ISX60 index, having revised the data
through 2024, and thus extended previous studies. Second, it uses a wide
range of complementary tests, such as the unit root, autocorrelation, variance
ratio, and runs tests, thus offering a multi-faceted, though convergent,
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evidence across different methods. Third, by examining both individual
stocks and the index, it assesses inefficiency across different levels of
aggregation. Lastly, the 10-year sample period (2014-2024) incorporates
recent trends, including the COVID-19 period, which provides recent
evidence on the efficient dynamics of this frontier market.

2. Methodology
2.1. Data description

The current paper utilizes an extensive dataset comprising all
57 constituent stocks of the Iraq Stock Exchange Index (ISX60). The dataset
spans 10 years, from 3rd August 2014 to 1st August 2024, resulting in
2.304 daily observations for each stock and the market index. The ISX60 is
the main benchmark index for the Iraqi Stock Exchange and includes stocks
from all seven economic sectors. These include: 6 in agriculture, 16 in
banking, 8 in hotels and tourism, 16 in industry, 4 in insurance, 5 in services,
and 2 in investment.

The dataset includes the closing prices for the stocks in the dataset and
the closing values of the ISX60 index in Iraqgi Dinars (IQD) for each day.
This dataset covers a sufficiently long period of time that encompasses
numerous cycles of stability and unrest in the political and economic climate
of Irag and includes a range of 1SX60 components, so that the dataset is
complete, eliminating any potential selection bias and capturing the
efficiency features of the Iraqi equity market.

2.2. Variable construction and return calculation

Following standard practice in financial economics literature (Fama, 1965;
Harvey, 1995), daily stock returns are computed as continuously
compounded (logarithmic) returns. The log return for stock i at time t is

calculated as:
Pi,t

Pi,t—1

ri,t =In - 100 (D)
where: Pi,t represents the closing price of stock i on day t, and Pi,t-1 denotes the

closing price on the previous trading day. Returns are expressed in
percentage terms by multiplying by 100.

Theoretical and practical reasons support the selection of log returns
in comparison to simple returns. First, log returns are time additive, which
allows for the computation of multi-period returns via simple summation of
single-period log returns. Second, log returns often meet the normality
assumption for parametric statistical tests. Third, logarithmic returns
demonstrate symmetry, whereby price increases and subsequent decreases of
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the same magnitude yield log returns of the same absolute value and opposite
sign (Tsay, 2010). The same methodology for calculating returns was
employed for the ISX60 market index to derive market-level returns.

2.3. Statistical tests for the random walk hypothesis

For a thorough examination of the random walk hypothesis, the study
applies a set of additional statistical tests. Using several tests is important as
the tests possess different powers to detect specific deviations from
randomness (Harvey, 1995; Lo & MacKinlay, 1988). A mix of parametric
and non-parametric approaches is the best way to evaluate the efficiency of
the market.

2.3.1. Descriptive statistics and normality tests

Before hypothesis testing can be conducted, stock returns are
examined over the mean, standard deviation, skewness, and other moments
to gain a basic understanding of the distributional characteristics. These
moments shape the test selection and interpretation, and return behavior
understanding. The Jarque-Bera test (Jarque & Bera, 1987) tests the null
hypothesis of normality formally:

R

where: n is the sample size, S is the sample skewness, and K is the sample kurtosis.
Under the null hypothesis of normality, the JB statistic follows a chi-square
distribution with two degrees of freedom. Significant departures from
normality have implications for the validity of parametric tests and may signal
the presence of nonlinear dependencies or extreme events.

2.3.2. Unit root tests

Unit root tests are designed to determine whether a time series is
stationary or has a unit root, which directly relates to the random walk
hypothesis. One such test is the Augmented Dickey-Fuller (ADF) test
(Dickey & Fuller, 1979; Said & Dickey, 1984), which tests whether the return
series contains a unit root. The ADF test regression with a constant term is
represented as follows:

Ari= o+ Brer+ Zydre;+ € ' (3)

where: A denotes the first difference operator, rt is the return at time t, o is
a constant, and &t is a white noise error term. The null hypothesis HO: f =0
(unit root exists) is tested against the alternative H1: B < O (series is
stationary). The lag length p is selected using the Akaike Information
Criterion (AIC) to ensure that the residuals are free from serial correlation.
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Along with the ADF test, | also use the Phillips-Perron (PP) test
(Phillips & Perron, 1988). The PP test employs a non-parametric correction
for the serial correlation and heteroskedasticity, which makes it more robust
to such specification issues. The test adjusts the Dickey-Fuller t-statistic:

PP = tf - (%) , (4)

where: ¢4 is the t-statistic from the simple Dickey-Fuller regression, c? is the
variance of the error term, and A? is the long-run variance estimate using the
Newey-West procedure. Consistency between ADF and PP results provides
confidence in the stationarity findings. Rejection of the null hypothesis in
both tests indicates stationarity in returns, which would contradict a pure
random walk in price levels.

2.3.3. Autocorrelation tests

The random walk hypothesis implies that returns should be serially
uncorrelated. The presence of significant autocorrelation in returns indicates
predictability and thus represents a violation of market efficiency
(Fama, 1970). The Ljung-Box Q-statistic (Ljung & Box, 1978) provides a
formal test of the joint hypothesis that all autocorrelation coefficients up to
lag m are simultaneously zero:

Q(m) =n(n + 2)3 [-2] , (5)

(n—-1k)

where: n is the sample size, pk is the sample autocorrelation at lag k, and the summation
is over k = 1 to m. Under the null hypothesis of no autocorrelation, the
Q-statistic follows a chi-square distribution with m degrees of freedom. This
study computes the Ljung-Box statistic for lags m = 5, 10, and 15 to test for
both short-run and longer-term dependencies in returns.

2.3.4. Variance ratio test

The variance ratio test, developed by Lo & MacKinlay (1988), has
become one of the most widely used and powerful tests of the random walk
hypothesis. The test exploits a fundamental property of random walks: if
returns are serially uncorrelated, the variance of k-period returns should be k
times the variance of one-period returns. The variance ratio for holding
period k is defined as:

Var([rt(k)

VR(K) = L. Var[r] , (6)

where: rt(k) denotes the k-period return fromt —k + 1 to t, and rt is the one-period
return. Under the random walk hypothesis, VR(k) = 1 for all k. Deviation
from unity indicates predictability: VR(K) < 1 suggests mean reversion
(negative serial correlation), while VR(k) > 1 indicates momentum or
positive feedback trading (positive serial correlation).
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Lo and MacKinlay (1988) derived test statistics under different
assumptions. The homoskedastic test statistic assumes constant variance:

[VR(K) —

2(k) = (=t NG

where: ¢(K) is the asymptotic variance of the variance ratio under homoskedasticity.
The heteroskedastic-robust test statistic is:

[VR(k) —
[ex(k)]

2+ (k) = (RO -1h; (8)

where: ¢*(k) is the heteroskedasticity-consistent asymptotic variance. Both test
statistics follow a standard normal distribution under the null hypothesis.
Since financial returns typically exhibit time-varying volatility, the
heteroskedastic-robust statistic is considered more reliable. This study
computes variance ratios for k = 2, 4, 8, and 16 days, corresponding to
approximately 2 days, 4 days, 1.5 weeks, and 3 weeks of trading.

2.3.5. Runs test

As a complement to the parametric tests described above, the non-
parametric runs test provides a distribution-free method for testing
randomness(Wald & Wolfowitz, 1940). A "run" is defined as a sequence of
consecutive returns of the same sign (either all positive or all negative).
Under the random walk hypothesis, the number of runs should follow a
predictable distribution. Let N, denote the number of positive returns and
N_ the number of negative returns. The expected number of runs under
randomness is:

2N, N_

E(R) = 1+ ==~ .9
with variance:
_ 2NyN_(2N4yN_ —N; —N_)
Var(R) = (Ny +N_2(Ny +N_—1) (10)
The standardized test statistic is:
__ R-E(R)
Z = JVar(R) ' (ll)

where R is the observed number of runs. For large samples, this statistic
approximately follows a standard normal distribution. Too few runs
(negative Z-value) suggest positive serial correlation or trending behavior,
while too many runs (positive Z-value) indicate negative serial correlation
Or mean reversion.
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2.3.6. Analytical approach

By applying all the statistical tests described above to the return
series of all 57 individual stocks and the ISX60 market index. This allows
us to assess efficiency for each security, as well as for the market as a whole.
Results for each test are provided at standard levels of significance
(1%, 5%, and 10%) to gauge the evidence against the random walk
hypothesis.

Instead of delivering findings individually for every stock, the
examination presents summary metrics demonstrating the overarching trend
across the sample. More precisely, a count of stocks failing to accept the
random walk hypothesis for each level of significance is tabulated for every
test. This serves to illustrate the extent to which the Iragi equity market
exhibits a lack of randomness. Furthermore, to evaluate the efficiency at a
market level, the results pertaining to the 1ISX60 index are provided in
detail.

In order to reinforce conclusions regarding market efficiency, the
author checks the reliability of the results across different tests. The results
obtained from multiple tests are more trustworthy than those obtained from
a single test. The author conducted all the statistical analyses using the
Python programming language, specifically using NumPy, Pandas, SciPy,
and Statsmodels, which offer extensive implementations of the described
econometric techniques.

3. Empirical results

This section provides empirical results after analyzing the random
walk hypothesis for the entire 57 constituent stocks of the 1SX60 index and
for the market index itself. Based on the previously described methodology,
the findings start with descriptive statistics, followed by more advanced
analyses of market efficiency.

3.1. Descriptive statistics

Table 1 shows summary statistics for the daily returns of the
57 individual stocks and the ISX60 index. The daily return average across all
stocks is —0.0041%, suggesting a slight average decline over the sample
period. Daily average volatility across stocks is 3.21%, with substantial
heterogeneity between 1.18% and 10.20%. The distributional characteristics
are grossly non-normal, with a mean kurtosis of 171.98, which is much larger
than the 3 expected under normality.
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Table 1

Descriptive statistics of daily returns

Statistic Minimum JB Reject, %
Mean return (%) -0.0041 0.0446 -0.1234 0.0746 -
Volatility (%) 3.2068 1.7677 1.1840 10.1968 -
Skewness 0.2070 2.6373 - - -
Kurtosis 171.98 214.72 - - -
Normalit
(B Test)y B B B B e
ISX60 Index —-0.0059% 1.62% -1.32 107.31 Yes***

Note. Statistics represent cross-sectional means across 57 stocks.
*** indicates significance at 1% level.

The Jarque-Bera test formally rejects normality for all 57 stocks at the
1% level. The ISX60 index also strongly rejects normality (JB = 1 004 318,
p < 0.001). This universal rejection suggests extreme events and non-
standard distributions characterize Iragi stock returns.

3.2. Unit root test results

Table 2 presents the results from the Augmented Dickey-Fuller test.

All 57 stocks reject the null hypothesis of a unit root at the 1% significance

level, indicating stationarity. The ISX60 index similarly exhibits strong
stationarity.

Table 2

Augmented Dickey-Fuller unit root test results

Significance level, % Stocks rejecting Percentage, %
1 57 /57 100.0
5 57157 100.0
10 57 /57 100.0
ISX60 Index ADF =-16.55 p < 0.001***

Note. Null hypothesis: the series has a unit root (non-stationary).
*** indicates significance at 1% level.

While stationarity is consistent with a random walk in prices, it does
not confirm the hypothesis. A random walk requires stationary and serially
uncorrelated returns. Universal stationarity satisfies the first condition but
requires further testing for serial independence.

3.3. Variance ratio test results

The variance ratio test offers strong evidence against the hypothesis
of a random walk. Table 3 shows the variance ratios for the 2, 4, 8, and
16-day holding periods. The mean variance ratios are less than one, which
suggests mean reversion.
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Table 3

Variance ratio test results

Period (k) Mean VR 1% Reject 5% Reject 10% Reject ISX60 VR
2 days 0.961 64.9% 73.7% 80.7% 0.747%**
4 days 0.959 70.2% 78.9% 80.7% 0.603***
8 days 0.952 71.9% 77.2% 82.5% 0.548***
16 days 0.946 61.4% 70.2% 75.4% 0.532***

Note. Null hypothesis: VR(k) = 1. Rejection percentages based on 57 stocks.
*** indicates significance at 1% level.

At the 5% level, 70-79% of stocks reject the random walk hypothesis
across all holding periods. The ISX60 index shows dramatic departures
(VR =0.53-0.75), indicating strong mean reversion in the aggregate market.
These variance ratios—roughly half the expected value—represent substantial
violations of market efficiency.

3.4. Runs test results

The non-parametric runs test complements parametric tests by
examining randomness without distributional assumptions. Table 4 presents
the results. At the 5% level, 42.1% of stocks reject randomness, with 50.9%

at the 10% level.
Table 4

Runs test results

Significance level | Stocks rejecting ’ Percentage Mean Z-stat
1% 19 /57 33.3% —
5% 24 /57 42.1% —-0.460
10% 29 /57 50.9% —
ISX60 Index Runs: 824 / 950 p <0.001*** -5.802

Note. Null hypothesis: returns are random. Negative Z-statistic indicates too few runs (positive
correlation).
*** indicates significance at 1% level.

The mean Z-statistic of —0.46 indicates a tendency toward too few
runs, suggesting positive serial correlation. The 1SX60 index strongly rejects
randomness (Z = -5.80, p < 0.001), with observed runs (824) substantially
below expected (950), confirming momentum effects at the aggregate level.

3.5. Overall assessment
Table 5 synthesizes results across all tests at the 5% significance level.
The evidence overwhelmingly indicates Iraqi stock returns do not follow a

random walk. While all stocks exhibit stationarity, the vast majority show
significant departures in serial correlation and predictability.

90 ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N° 3



DIGITAL SPASE

Table 5
Summary of random walk hypothesis tests
at 5% significance level

Test ’ Percentage Rejecting RWH
Unit root (ADF) 100.0% (stationary)
Variance ratio (k = 4) 78.9%
Runs test 42.1%
ISX60 Index Rejects in all tests***

Note. Rejection percentages based on 57 stocks.
*** indicates all ISX60 tests are rejected at 1% level.

The convergence of evidence across multiple methodologies —
parametric and non-parametric — provides robust support that the Iraqi equity
market is not weak-form efficient. The 1ISX60 index consistently rejects the
random walk hypothesis across all tests, showing stronger violations than
individual stocks. This suggests diversification effects or market-wide factors
contribute to aggregate-level predictability, with strong mean reversion
(VR = 0.50-0.75) persisting across different time horizons.

4. Discussion
4.1. Interpretation of findings

The Iragi stock market does not demonstrate weak-form market
efficiency, which is the most reliable and consistent observation from the data.
The random walk hypothesis has been conclusively rejected in a variety of
statistical analyses, both at the level of individual stocks and at the level of the
market as a whole. Although all stocks demonstrate stationarity- a condition
necessary for random walk behavior- the widespread presence of serial
correlation, mean reversion, and other predictable patterns demonstrates that
prior price data is useful in predicting future returns. This result is in line with
what one would expect of the Iraqgi stock market, given the condition of many
other so-called inefficient frontier markets. It is consistent with the expected
theoretical condition for markets with poor liquidity, information divergence,
and rudimentary institutional arrangements.

The ISX60 Index shows violations of the random walk hypothesis
more than individual stocks, which is noteworthy. Compared to individual
stocks having average mean values of individual stocks of about 0.95, the
index shows variance ratios of 0.50 to 0.75. This means inefficiencies at
the aggregate level are higher than at the individual security level. This result
may be due to index tracking by institutions, aberrant sentiment, under or
overreaction to macroeconomic info, or tracking by institutions.
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4.2. Explanations for Market Inefficiency

Three main reasons can help understand why the Iragi equity market
operates inefficiently. First, sporadic trading and low market liquidity cause
stickiness and serial correlation of market prices. Although in theory prices
should adjust to new information, in practice, this gradual adjustment process
can cause autocorrelation. Second, irrational retail behavior via herding,
momentum trading, etc., leads to inefficient predictability in the prices via
similar behavior in the market.

Third, in developed markets, information diffuses more efficiently
than in frontier markets. There may be a lack of consistency in corporate
disclosures, scant financial media coverage, and limited coverage of financial
analysis. These barriers to information flow delay the price reaction to new
information. Fourth, with respect to Iraq’s oil price reliance, geopolitical
issues, and weak institutions, the overall macroeconomic and political
conditions may lead to widespread shocks and systematized patterns of
returns as the markets slowly diffuse ambiguous information.

Finally, with no institutional investors and minimal foreign invol-
vement, the market lacks the sophisticated arbitrageurs who usually act to
remove any patterns that can be exploited. The absence of mechanisms for
short-selling and no market for derivatives means that informed traders also
face restrictions to arbitrage mispricings, and therefore, the market can be
inefficient for arbitrage.

4.3. Comparison with other markets

The results are consistent with previous research on frontier and
emerging markets. Research on other MENA markets demonstrates similar
occurrences of weak-form efficiency violations, although in the magnitude
of departure, there are significant differences. The Iragi stock market, in
comparison to Egypt and Jordan, seems to exhibit inefficiencies similar to or
more than those of Jordan and Egypt. However, recent studies using the same
methodologies and the same research questions are lacking, which makes
benchmarking difficult. The differences in random walk behavior between
the Iraqi market and more developed emerging markets such as Turkey or
South Africa are considerable and validate the Iragi market being classified
as a frontier market rather than an emerging market.

4.4. Practical implications

The rejection of the random walk hypothesis implies that, at least
before transaction costs, the frictionless environment allows investors to earn
positive abnormal returns using technical trading strategies based on serial
correlation, mean reversion, and the like. However, these strategies come
with great execution and operational costs, the former of which are
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particularly relevant for frontier markets. In addition, the descriptive statistics
reveal extreme returns and high volatility, requiring significant risk and
position sizing, which, to some, is considered operational risk.

The findings emphasize a few areas for improving market efficiency
that policymakers and market regulators need to focus on first. It appears that
improving market liquidity through market-making schemes, lowering
transaction costs, increasing disclosure requirements, and encouraging
institutional investors and the direct market potential of derivatives would
help the market discover prices more efficiently. Increased and developed
investor education would help in reducing the behavioral biases that
strengthen predictable price patterns. Developing more efficient equity
markets would improve capital allocation, corporate financing, and the
greater economic development of Irag.

The Iragi market shows strong potential from an Academic standpoint,
particularly focusing on the market microstructure and efficiency under
extreme conditions. The market inefficiencies and the way information is
adjusted in the Iragi market can be investigated, given the market’s
substantial deviation from the random walk hypothesis. Using the lIraqi
market as a study can help further understand the inefficiencies and
information adjustment mechanisms within the context of a market with
extreme institutional constraints.

Conclusions

The main hypothesis of the research, which in this case is that the daily
stock returns of the lIragi Stock Market are a random walk, and therefore
demonstrates weak-form market efficiency, is contradicted by the evidence.
From the period of August 2014 to August 2024, | was able to prove that the
Random Walk Hypothesis is overwhelmingly and statistically significant at
the 57 constituent stocks of the 1ISX60, as well as the Market Index. This is
done by applying a uniform approach to the four converging methodologies,
which are the unit root test, the Ljung-Box test, Lo-MacKinlay Variance
Ratio tests, and the non-parametric runs tests. | was able to get 70-79%
rejection at the 5% in the index level. The results are consistent in
57 constituent stocks of 1SX60. This proves that weak-form market
efficiency is not present in the Iragi Stock Market.

This paper shows that the Iragi Stock Exchange is able to demonstrate
constructive inefficiency. Through the application of the random walk
hypothesis to the 57 stocks in the ISX60, using daily record data from August
2014 to August 2024, rejections were received through multiple statistical
processes. Stationarity was the only consistent characteristic of all stocks, but
the majority also recorded high serial correlation, mean reversion, and
predictability, which all contradict the random walk theory. The most
noteworthy evidence was provided by the variance ratio tests. 70-79% of the
stocks in the 1SX60 provided evidence in support of the random walk theory,
and even the index itself demonstrated a high level of inefficiency. The
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results of this study fit the profile of previous studies done on frontier markets
and also provided proof that, in the Iragi equity market, prices from previous
time periods held information that was useful in forecasting future returns.

The rejected weak form efficiency postulates that technical trading
strategies based on pattern recognition and predictive mean reversion may
lead to positive returns, although the high transaction costs associated with
this particular marketplace may limit the potential for practical gains. These
findings underscore the importance of prioritizing the development of
marketplaces in Irag, specifically in the implementation of market-making
programs to enhance liquidity, lower transactional costs, increase the
enforcement of mandatory disclosures, promote intermediation by financial
institutions, and the growth of derivative markets. All of these efforts to
improve the efficiency of the marketplace in Irag will lead to more optimal
allocation of resources, reduce the cost of capital for Iragi companies, and
promote economic development in the country.

Several constraints deserve to be noted. First, thin trading in the ISX
may cause spurious autocorrelation due to stale prices; however, this reveals
genuine market microstructure, and not a statistical artifact. Second, our tests
center on linear relationships; non-linear relationships may be present, which
are beyond the scope of our approach. Third, while high, we do not directly
factor in the transaction costs in assessing profitability. Fourth, the sample
period, while broad, may not be comprehensive of all market regimes or
structural shifts in this developing frontier market.

Several avenues remain open to future research in this analysis.
Understanding the determinants of efficiency would be enriched by examining
whether the degree of inefficiency varies by industry or by the characteristics of
the firm. This will be particularly informative for the evaluation of policy
effectiveness in examining whether efficiency has changed over time, especially
in the aftermath of policy reforms or changes in infrastructure. Analyzing the
speed of information assimilation to test semi-strong form efficiency through
event studies would be appropriate. Analyzing the profitability of trading
strategies in the presence of realistic transactional costs would determine
whether there are readily actionable trade-offs. Finally, research of a
comparative nature across other MENA frontier markets would widen the scope
of the study of the efficiency of the markets of Irag. It is important, however, as
markets of Iraq continue to approximate frontier status, that there be ongoing
research to capture the emerging patterns of efficiency that will reflect the
country’s position within global capital markets.
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