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ABSTRACT 

This paper examines the validity of the Efficient Market Hypothesis (EMH) and the Adaptive Market 
Hypothesis (AMH) for the stock markets of the MINT countries (Mexico, Indonesia, Nigeria and Türkiye). The 
methodology uses daily return series and applies Wavelet-based Augmented Dickey-Fuller (W-ADF) and 
Wavelet-based Fourier Augmented Dickey-Fuller (W-FADF) unit root tests across short-, medium-, and long-
term horizons to account for structural breaks. The results show that stock prices in Indonesia, Mexico and 
Türkiye exhibit stationarity and partial predictability in the short and medium term, which supports the AMH. 
However, these markets follow a random walk in the long term, which aligns with the EMH. The results for 
Nigeria, however, show random walk behaviour in the short and medium terms, adapting to a stationary 
process in the long term. In conclusion, the findings establish that market efficiency in MINT economies 
continually evolves. The AMH, therefore, appears to offer a more robust theoretical explanation for these time-
varying market behaviours. 

KEYWORDS: Efficient Market Hypothesis, Adaptive Market Hypothesis, MINT Countries, Wavelet 
Transform, W-ADF unit root test, W-FADF unit root test. 
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1. INTRODUCTION 

In the finance literature, the concept of “market 
efficiency” is a fundamental research area whose 
foundations trace back to Samuelson's (1965) 
pioneering work, having remained at the centre of 
academic debates for many years. To achieve 
informational efficiency, Samuelson argued that 
investor expectations must be predicated on the 
condition that all available market information is 
fully incorporated into prices. According to the 
author, the future prices of commodities cannot be 
predicted using the current information set, as these 
prices already encapsulate this data entirely. 

Building upon this intellectual foundation, Fama 
(1970) developed the Efficient Market Hypothesis 
(EMH), placing market efficiency into a theoretical 
structure, and defined an efficient market as a 
mechanism where asset prices exhaustively reflect all 
publicly available information (Görgel and Ege, 
2024). Indeed, the EMH has been one of the most 
fiercely debated subjects within the financial 
literature over the past half-century (Rönkkö et al., 
2024). The hypothesis posits that investors behave 
rationally, thereby eliminating the possibility of 
generating above-average market returns through 
the use of historical price data. This primarily occurs 
because the prices of financial assets show a random 
walk rather than following a predictable trend (Ertaş 
and Özkan, 2018; Öz, 2024). 

Furthermore, the EMH asserts that financial 
markets assimilate all existing information, leading 
to the rational formation of prices. In this context, the 
postulation suggests that markets react 
instantaneously to novel information, causing any 
potential arbitrage opportunities to vanish rapidly 
(Fama, 1970; Fama, 1980). Ultimately, the EMH 
serves as an approach aimed at elucidating the price 
formation stages of financial assets. Originally, this 
proposition was introduced to analyse the impacts of 
price behaviours in equity markets on investment 
decisions. 

In light of the preceding information, the validity 
of the EMH hinges upon the fulfilment of two 
fundamental prerequisites. Initially, such a market is 
required to instantaneously and exhaustively reflect 
all available and accessible data within share prices. 
Furthermore, it remains impossible for market 
participants to systematically secure above-average 
yields using this particular information set and, 
consequently, the market mechanism itself eradicates 
any probability of generating excess returns 
(Novickyte and Degutis, 2014). Fama (1970) 
approaches this hypothesis across three primary 
tiers, specifically the weak, semi-strong, and strong 

forms, contingent upon the extent to which 
informational efficiency permeates the markets. The 
weak form assumes that historical data, including 
previous price trajectories and trading volumes, 
prove inadequate for explaining future price 
fluctuations, meaning that technical analysis 
methodologies cannot systematically yield superior 
profits. Moving to the semi-strong form, this 
secondary assumption dictates that all publicly 
accessible figures, ranging from financial reports to 
macroeconomic indicators and breaking news, are 
immediately incorporated into valuations alongside 
historical price metrics. Thus, achieving abnormal 
yields that surpass the market average via 
fundamental analysis techniques is deemed 
unfeasible (Brealey, 1997). Finally, the strong form is 
predicated on the notion that absolutely all details 
concerning a financial asset, encompassing past price 
records, public disclosures, and privately obtained 
insider knowledge, are completely embedded in the 
prices. Under these circumstances, generating long-
term returns exceeding the market average by 
exploiting privileged information becomes virtually 
impossible for any investor (Grossman and Stiglitz, 
1980; Başkaya, 2025). 

Investigating the EMH is of paramount 
importance for both economists and policymakers, 
given that an efficient market structure facilitates the 
optimal allocation of capital and resources (Shiller, 
2003). Comparing the equity markets of diverse 
country groups based on their efficiency levels serves 
as a valuable informational indicator for regulatory 
bodies and decision-makers. Such evaluations 
establish a fundamental reference point for ensuring 
enduring market stability and sustainably 
supporting economic growth alongside investments 
(Arshad et al., 2016). In summary, the EMH, 
frequently introduced as the traditional finance 
approach, posits that investors act rationally, utilise 
all market information effectively during their 
decision-making phases, and that financial models 
can be constructed along these lines (Fama, 1970). 

However, numerous empirical studies conducted 
in subsequent periods have demonstrated that this 
assumption of rational behaviour predicted by the 
EMH is not universally valid (Lo, 2005). For instance, 
the pioneering research of Kahneman and Tversky 
(1973, 1979) articulated that investors do not behave 
with absolute rationality throughout their decision-
making processes, highlighting that cognitive biases 
and psychological factors play a decisive role in 
investment preferences. Empirical findings in the 
literature have revealed that individuals can make 
irrational choices under various circumstances, 
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proving that financial models do not entirely align 
with market realities and that systematic anomalies 
emerge within the markets. Particularly in the post-
1980 era, the EMH became the subject of intense 
debate due to escalating theoretical scrutiny and 
mounting empirical evidence. The Information 
Paradox developed by Grossman and Stiglitz (1980) 
stated that achieving complete market efficiency is 
impossible when acquiring data incurs costs, thereby 
severely questioning the EMH's assumption of 
unrestricted access to information. In addition to 
these points, the financial crises that occurred in the 
2000s, alongside speculative price bubbles and 
instances of irrational behaviour manifested by 
market actors, have exposed that investment 
decisions are not consistently founded upon rational 
expectations and knowledge. Consequently, these 
developments have triggered severe criticisms 
directed at the EMH. Accordingly, they have paved 
the way for the ascent of the behavioural finance 
approach and prompted a re-evaluation of market 
efficiency debates within the scope of a novel 
paradigm. 

These market anomalies, which contradict the 
EMH, paved the way for the emergence of significant 
theoretical gaps in the finance literature such voids 
began to be addressed with the genesis of the 
behavioural finance approach. By taking the 
cognitive biases and psychological tendencies of 
investors into account, behavioural finance has 
developed psychology-based models attempting to 
explain the extraordinary surges or declines 
observed in securities prices (Fahmy, 2017). This 
discipline challenges the market efficiency 
assumption by arguing that cognitive biases and 
psychological impacts are decisive in the decision-
making processes of investors (Malkiel, 2003). 

To resolve the contrast between these two 
perspectives, Lo (2004) developed the Adaptive 
Markets Hypothesis (AMH). The AMH advocates 
that market efficiency can exhibit variability over 
time by establishing a synthesis between the 
rationality assumption of traditional finance and the 
psychologically grounded explanations of 
behavioural finance (Lo, 2004). Furthermore, this 
hypothesis posits that the EMH and Behavioural 
Finance actually represent different dimensions of 
the identical procedure, hence market efficiency does 
not display a constant structure throughout time (Lo, 
2007; Fahmy, 2017). Within this context, market 
efficiency periodically increases or decreases 
depending on shifts in economic conditions, investor 
behaviours, and information flow. In other words, 
rather than treating market efficiency as a static 

concept like the EMH does, the AMH considers it a 
continuously evolving process shaped by the impact 
of factors such as crises, speculative bubbles, and 
fluctuations in investor behaviour (López-Martín, 
2023). Accordingly, the AMH not only contributes to 
the elucidation of market anomalies but also 
provides a holistic theoretical structure to make sense 
of the time-dimensional alterations in the efficiency 
levels of financial markets (Karaca, 2025). 
Consequently, in contrast to the EMH, the AMH 
proposes that investment strategies may temporarily 
lose their effectiveness during specific periods, yet 
these strategies can evolve back into a profitable state 
once market conditions become favourable again (Lo, 
2005). Additionally, within the scope of the AMH, 
market efficiency does not possess a stationary 
characteristic; instead, it demonstrates variability in 
a highly fluid manner across time and diverse market 
structures (Urquhart and Hudson, 2013). 

Considering the points discussed above, the 
MINT group (Mexico, Indonesia, Nigeria, and 
Türkiye), consisting of four nations with substantial 
development potential, has garnered considerable 
attention within the global economy due to its 
rapidly accelerating growth trends in recent years 
(Liu and Chen, 2024). These countries distinguish 
themselves from other emerging clusters through 
their elevated growth prospects, a phenomenon 
driven by their vibrant young demographic, 
expanding production capacities, commercial 
architecture, and advancing financial markets (Du et 
al., 2022). Furthermore, the substantial presence of 
participants in the equity exchanges of MINT nations 
actively contributes to the reinforcement of the 
financial infrastructure alongside the broadening of 
trade volumes (Özdurak and Hekim, 2024). 
Consequently, this environment causes the markets 
to concurrently harbour elements of both risk and 
opportunity. 

Against this backdrop, the primary objective of 
this paper is to test the validity of EMH and the AMH 
across the stock exchanges of MINT countries. To 
fulfil this purpose, the analyses utilise daily data sets 
covering the periods for Mexico (11.11.1991 to 
31.07.2025), Indonesia (09.04.1990 to 31.07.2025), 
Nigeria (30.01.2012 to 25.08.2025), and Türkiye 
(03.01.1988 to 31.07.2025). By applying Wavelet-
based ADF (W-ADF) and Wavelet-based Fourier 
ADF (W-FADF) methodologies, the research aims to 
demonstrate which postulation more consistently 
elucidates market efficiency through the lens of the 
EMH and the AMH within this specific group of 
nations. 

In addition to these elements, the paper 
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contributes to the literature in four distinct ways. 
Primarily, it occupies a pioneering position within 
the academic sphere, as it represents the first 
comprehensive empirical research to holistically test 
the validity of both the EMH and the AMH for the 
MINT nations. Furthermore, the Wavelet based ADF 
(W-ADF) and Fourier Wavelet based ADF (W-FADF) 
tests applied in the research. This methodological 
innovation captures the time and frequency 
interaction that is frequently overlooked in the 
literature, thereby evaluating market behaviours 
from a multidimensional perspective. Thirdly, the 
derived findings indicate that while a certain degree 
of predictability exists in the short and medium terms 
within the MINT countries, prices tend to gravitate 
towards a random walk pattern in the long run. This 
outcome demonstrates that market efficiency is not 
stationary; rather, it is a constantly evolving process 
that fluctuates depending on economic, behavioural, 
and external factors, thus providing robust empirical 
support for the AMH developed by Lo (2004). 
Ultimately, the paper does not merely offer 
contributions on a theoretical level but also presents 
significant practical implications for investors, 
portfolio managers, and policymakers. The results 
reveal that investor actions influence information 
asymmetry and price formations in the short term, 
whereas markets gravitate back towards equilibrium 
and partially regain their efficiency over extended 
periods. From this perspective, through advanced 
econometric examination of the MINT economies, 
the research introduces an alternative empirical 
approach and enriches the literature on behavioural 
finance as well as market efficiency. 

The remainder of this paper is organised in the 
following manner. Initially, a comprehensive 
literature review evaluates national and international 
empirical research investigating the validity of both 
the EMH and AMH. Subsequent to this, the 
methodology section is presented to outline the 
dataset alongside the applied analytical procedures 
in thorough detail. Finally, the paper concludes with 
a final section that summarises the derived findings, 
offering practical implications and recommendations 
specifically tailored for financial market investors as 
well as policymakers. 

2. LITERATURE REVIEW 

The efficiency of capital markets and the 
predictability of price behaviours have remained 
fundamental topics of debate within the finance 
literature for decades. Fama’s (1970) Efficient Market 
Hypothesis (EMH) posits that asset valuations 
rapidly reflect all available market information, 

asserting that investors cannot consistently 
outperform the market. Conversely, Grossman and 
Stiglitz (1980), argued that attaining absolute 
equilibrium is impossible, primarily because 
arbitrage incurs substantial costs. Meanwhile, 
Campbell et al. (1997) introduced the concept of 
“relative efficiency” to the academic sphere, 
classifying markets according to their varying 
degrees of effectiveness. 

Over time, anomalies such as the momentum 
effect, identified by researchers including Jegadeesh 
and Titman (1993), began to cast doubt upon the 
validity of the EMH. Accompanying the ascent of 
behavioural finance, Kahneman and Tversky’s (1979) 
Prospect Theory elucidated the risk inclinations that 
arise from individuals evaluating gains and losses 
asymmetrically. Furthermore, Barberis and Thaler 
(2003), drew attention to the adverse impacts that 
psychological biases, encompassing overconfidence, 
herd behaviour, and the anchoring effect, exert on 
pricing mechanisms. In light of these discussions, 
whilst Malkiel (2003), highlighted the contradiction 
between the EMH and behavioural finance, Lo (2004) 
proposed through the AMH that both approaches are 
essentially different sides of the identical coin, 
suggesting that market efficiency exhibits variability 
across time. 

Although it does not constitute the primary focus 
area of this paper, it would be appropriate to briefly 
mention the Fractal Market Hypothesis (FMH), 
which was developed as an alternative and critical 
approach to the EMH. In his early research 
conducted from the perspective of Chaos Theory 
alongside fractal geometry, Peters (1994), laid the 
foundations of the FMH by arguing that financial 
time series possess a distinct long-memory 
characteristic and that price movements are not 
independent of one another. Supporting this 
viewpoint, Mauboussin (2002), suggested that 
modelling markets as “Complex Adaptive Systems” 
incorporating feedback loops, rather than relying on 
the EMH which presents a static equilibrium, proves 
more successful in elucidating market mechanics. 

Conversely, Malkiel (2003), one of the staunchest 
advocates of the EMH, claimed that market 
anomalies dissipate over time and that even 
professional funds cannot consistently beat the 
index. Consequently, he asserted that markets are 
efficient enough to preclude arbitrage opportunities, 
even if they are not entirely rational. Nevertheless, 
accompanying the ascent of behavioural finance, 
Zajac and Westphal (2004), determined that the 
reactions of market actors, particularly regarding 
share repurchase programmes, are not stationary but 
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rather evolve through continuous learning. 
Furthermore, Çelik and Taş (2007), demonstrated 
that while weak-form efficiency is generally 
supported across emerging markets, the random 
walk hypothesis is definitively rejected within the 
specific stock exchanges of nations such as Russia 
and Argentina. 

Upon examining the literature concerning the 
EMH and the AMH, it becomes evident that 
numerous studies conducted across different periods 
and countries have provided significant 
contributions towards explaining market 
behaviours. Presenting evidence in favour of the 
AMH, Lim and Brooks (2009), stated that market 
efficiency evolves in response to crises and 
institutional alterations. In their research 
concentrating on five emerging European nations, 
Smith and Ryoo (2003), analysed market efficiency by 
utilising the variance ratio test, concluding that 
Türkiye operates as a weak form efficient market. 
Similarly, through an evaluation of several 
developing countries employing various unit root 
tests, Çelik and Taş (2007), revealed that whilst most 
markets exhibit weak form efficiency, this 
effectiveness can display periodic fluctuations in 
certain nations. Such a finding indicates that market 
efficiency is not stationary; instead, it possesses a 
mutable structure over time. 

Exploring the South Korean stock exchange, 
Narayan and Smyth (2004) tested the validity of the 
EMH and determined that prices align with efficient 
market assumptions. In a comparable manner, 
investigations conducted by Hasanov and Omay 
(2007), alongside Cooray and Wickremasinghe 
(2007), which examined diverse groups of countries, 
established the presence of weak form EMH 
efficiency within emerging markets. Narayan and 
Smith (2007), and Narayan and Narayan (2007), 
reached parallel conclusions regarding the G7 
nations via panel unit root tests with two structural 
breaks, demonstrating that prices in these countries 
also contain a unit root. These collective works 
illustrate that the EMH remains broadly applicable 
across advanced economies as well. Moreover, 
research carried out by Eken and Adalı (2008) 
scrutinised shares within the BIST 30, BIST 100, BIST 
Financial, and BIST Industrial indices, ultimately 
ascertaining that Türkiye market is efficient in the 
weak form. An analogous outcome was achieved by 
Hasanov (2009), during his assessment of the South 
Korean market. Finally, by investigating the S&P 500 
index, Demireli, Akkaya, and İbaş (2010), proved that 
the weak form efficiency of the EMH was valid 
throughout the 1991 to 2010 period. 

In a similar vein, Daud and Azman-Saini (2010), 
stated in their analysis using panel data from 15 
emerging markets that these markets contain a unit 
root and are therefore efficient in the weak form. 
Such findings illustrate that information is reacted to 
swiftly, even within developing economies. Testing 
stationarity and effectiveness within the BIST 100 
index, Zeren, Kara and Arı (2013), ascertained the 
validity of the EMH throughout the 1987 to 2012 
period. Meanwhile, Gümüş and Zeren (2014), 
investigated efficiency across the G20 nations 
employing Fourier KSS alongside Fourier ADF tests. 
They revealed that the weak form efficiency of the 
EMH was present in countries such as Germany, the 
USA, Argentina, Austria, Italy, France, India, the 
United Kingdom, and Japan, whereas this condition 
did not hold true for the others. These results prove 
that market effectiveness fluctuates according to 
distinct countries and eras. 

In their research, Çevik and Topaloğlu (2014), 
analysed the returns of Borsa Istanbul covering the 
span from 1988 to 2014, ultimately discovering that 
the AMH was applicable. The acquired evidence 
demonstrates that the market assumed a volatile 
nature during times of crisis, causing efficiency to 
weaken; thus, the EMH was not entirely valid 
specifically for Türkiye. Scrutinising the G7 and E7 
nations via non-linear unit root tests, Hepsağ and 
Akçalı (2015), found that the EMH was applicable in 
its weak form for certain G7 members (the USA, 
France, Italy, Japan), yet effectiveness was rejected in 
countries like Germany, the UK, and Canada. These 
observations corroborate the notion that market 
efficiency alters on both a national and temporal 
basis. Through an analysis conducted within the 
perspective of the AMH in the Malaysian market, 
Tuyon and Ahmad (2016), demonstrated that market 
effectiveness shifts over time and that the AMH 
becomes particularly relevant during crisis periods. 
Such an outcome indicates that the AMH offers a 
more accurate elucidation compared to the 
traditional EMH. In the same year, Özcan and 
Gültekin (2016), performed a comparable assessment 
across the G20 nations, identifying that the weak 
form efficiency of the EMH was valid in all countries 
except Argentina, Canada, China, and Russia. 
Furthermore, by utilising various indices within 
Türkiye market, Tuna and Öztürk (2016), showed in 
their study that the EMH was applicable to Borsa 
Istanbul throughout the examined timeframe. These 
conclusions reveal that the AMH finds support under 
specific circumstances in both advanced and 
developing nations, whilst the EMH also remains 
applicable in certain situations. By investigating the 
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markets of 11 member states of the OIC (The 
Organisation of Islamic Cooperation) using a 
multifractal analysis methodology, Arshad et al. 
(2016) determined that effectiveness varied based on 
the country and period, observing that some 
exchanges supported the AMH rather than the EMH. 
Comparing the stock exchanges of Türkiye and the 
USA, Ertaş and Özkan (2018), discovered that both 
markets exhibited deviations from efficiency from 
time to time, concluding that the AMH provided a 
more explanatory structure. Doorasamy and 
Sarpong (2018), documented trend persistence by 
detecting long memory in the South African market. 
Lastly, through their assessments of calendar 
anomalies within the Chinese market, Xiong et al. 
(2019), demonstrated that market mechanisms could 
not be explained by the EMH, yet the AMH 
successfully clarified this mutable architecture. 

In the literature from 2020 onwards, it is 
observable that more complex results have emerged, 
particularly in studies focusing on emerging 
markets. By analysing the BIST indices in Türkiye, 
Eyüboğlu and Eyüboğlu (2020), stated that efficiency 
altered over time during the 1990 to 2019 period, 
noting that the market was efficient in certain eras 
while becoming predictable in others. These findings, 
wherein the EMH exhibits variability, support the 
notion that the AMH is predominantly applicable. 
Furthermore, Yandık (2023), addressed the G7 and 
newly industrialised nations, revealing that the EMH 
was valid during periods of low volatility, whereas 
the AMH held true throughout highly volatile 
intervals. Scrutinising 19 OECD countries, Öz (2024), 
articulated that the weak form of the EMH was 
generally invalid, illustrating that market behaviours 
display fluctuations. In their analysis conducted on 
the Finnish market, Rönkkö et al. (2024), 
demonstrated that effectiveness evolved over time 
and that the AMH proved successful in explaining 
these shifts. Similarly, Görgel and Ege (2024), 
ascertained in their research on the E7 nations that 
the EMH was inapplicable, discovering that market 
efficiency fluctuated temporally and that the AMH 
elucidated this architecture more effectively. 

In opposition, Sakınç and Sakınç (2024), analysed 
the BIST Participation indices, proving that these 
metrics were not efficient in the weak form. A work 
by Scalamonti (2025), showed that the EMH was 
rejected across the Southeastern Mediterranean 
countries, asserting that the markets lacked weak 
form efficiency. Examining the BRICS T nations, 
Karaca (2025), stated that geopolitical risks 
significantly impacted market effectiveness and that 
this efficiency altered over time. Başkaya (2025), 

provided evidence that markets followed a random 
walk and that the Efficient Market Hypothesis was 
valid in the vast majority of the G20 countries 
(particularly within emerging markets such as 
Türkiye, Brazil, and Russia); nevertheless, he 
presented findings indicating that efficiency could 
not be achieved in certain advanced markets like the 
USA and the UK. In summary, although the EMH 
presents a stationary structure within the literature, 
it is apparent that the AMH offers a more consistent 
perspective in elucidating the mutable nature of 
market efficiency across time. 

Upon reviewing the empirical literature related to 
the Fractal Market Hypothesis (FMH), Anderson and 
Noss (2013), offered significant evidence favouring 
this postulation by uncovering a fractal structure 
alongside long memory traits during their analysis of 
the Dow Jones Industrial Average. Furthermore, by 
identifying a dual long memory across the stock 
exchanges of the MINT nations, Karaömer (2022), 
proposed that returns possess a certain degree of 
predictability, thereby asserting that the FMH is 
supported within this perspective. Similarly, Sağlam 
and Bezgin (2023), obtained results pointing towards 
fractal characteristics and long memory mechanics in 
crypto asset markets, whilst Konak and Türkoğlu 
(2024), acquired comparable outcomes regarding 
Borsa Istanbul. Nevertheless, the existing literature 
also indicates that the FMH is not universally 
applicable to every market. Indeed, while conducting 
an analysis on the MSCI Latin America Index via the 
FIEGARCH methodology, Soykan (2025), failed to 
encounter any significant long memory evidence, 
subsequently reporting that the FMH was 
unsupported specifically within these exchanges. 
Subsequently, the current body of evidence reveals 
that although the Fractal Market Hypothesis garners 
robust empirical backing across certain markets and 
periods, its generalisability can fluctuate heavily 
depending upon the market architecture, liquidity 
conditions, and investor composition. 

Although the current literature contains studies 
(such as Demir and Şimşek, 2024) using Wavelet and 
Fourier methodologies on the economic indicators of 
the MINT nations, a significant research gap remains 
regarding the holistic examination of efficiency and 
adaptability characteristics within the stock 
exchanges of these countries using the 
aforementioned advanced techniques. Upon 
reviewing the broader body of research focused on 
the MINT states (Mexico, Indonesia, Nigeria, and 
Türkiye), it is evident that conventional linear 
methods or long memory models like ARFIMA are 
generally preferred for testing market effectiveness 
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(for instance, Karaömer, 2022). Nevertheless, the 
fundamental assumption of the Adaptive Markets 
Hypothesis, which asserts that market efficiency 
fluctuates over time and across varying frequencies, 
necessitates the simultaneous consideration of both 
time and frequency dimensions in such analyses. 
Despite the fact that Demir and Şimşek (2024), 
applied Fourier and Wavelet methods to economic 
indicators (specifically the middle income trap) for 
the MINT nations, there are no encountered studies 
where these advanced econometric techniques have 
been holistically employed to test the efficiency 
alongside the adaptability of the equity markets in 
these specific countries. 

On the other hand, as observed within the 
comprehensive literature review, the primary 
sources of divergence among the findings in the 
aforementioned studies are the structural differences 
in the equity markets of the included countries, the 
incongruity of the start and end years of the 
examined periods alongside their sub periods, and 
the variations in the employed methodological sets 
(such as test frequencies, and robustness 
approaches). Although existing research 
predominantly tests the AMH across clusters of 
advanced and developing nations, investigations 
focusing on both the AMH and the EMH within 
economies experiencing relatively high growth 
momentum have remained limited. For this reason, 
by restricting the empirical universe of this paper to 
the MINT group, which possesses rapidly 
transforming market forces, comparability is greatly 
enhanced while simultaneously providing a 
substantial contribution by filling this void in the 
literature. 

In addition to the points above, to the best of our 
knowledge, a comparative efficiency analysis 
supported by structural break resistant, 
standardised, and robustness checks across the time 
and scale dimension using WADF and WFADF has 
not yet been conducted within the MINT markets. 
Such a gap also prevents the static assumptions of the 
EMH from being unified with the evolving 
projections of the AMH upon the identical 
methodological ground. Consequently, this paper 
bridges a crucial divide in the academic sphere by 
bringing together the predictions of both the EMH 
and the AMH on the same methodological 
foundation, albeit through the utilisation of an 
advanced econometric technique. 

3. DATA AND METHODOLOGY 

This research opts for Wavelet based unit root 
tests. The superiority of the Fourier Wavelet 

approach in detecting structural breaks, originally 
introduced by Aydin and Pata (2020) using energy 
economics data, serves as a crucial methodological 
benchmark for analysing the complex mechanics of 
financial markets. Within this setting, an 
investigation into the MINT nations conducted by 
Demir and Şimşek (2024), revealed the inadequacy of 
conventional linear assessments. Their findings 
illustrated that the smooth structural breaks and non 
linear fluctuations inherent in the series can only be 
robustly modelled through Fourier Wavelet based 
unit root tests (FWADF, FWKSS). Echoing these 
sentiments, Kaya (2024) reported from an analysis of 
the E7 countries that the Wavelet transform allows 
for the decomposition of series into their short-, 
medium-, and long-term components. Such an 
application enables a far more precise detection of 
stationarity behaviours across distinct time horizons. 
The primary rationale for selecting the Wavelet based 
unit root test in the current paper thus stems from its 
capacity to utilise time and frequency information 
simultaneously. An approach of this nature 
powerfully unveils the unit root properties within 
low frequency components that traditional methods 
overlook, in addition to revealing the temporally 
mutable (adaptive) architecture of market efficiency 
even when subjected to structural breaks. 

Seeking to bridge the aforementioned 
methodological void in the literature, the present 
research evaluates the validity of both the EMH and 
the AMH across the equity markets of the MINT 
countries. It achieves this objective by applying 
wavelet-based unit root tests that strictly account for 
structural breaks alongside frequency shifts. 
Ultimately, the paper holds considerable significance 
because it delivers highly precise and reliable 
findings for investors and policymakers. It 
successfully demonstrates that market efficiency is 
far from a static phenomenon, instead exhibiting an 
evolving state that fluctuates across both time and 
frequency dimensions. 

3.1. Data 

The empirical methodology examines daily data 
of the return series from the MINT countries, Mexico 
(11.11.1991 - 31.07.2025), Indonesia (09.04.1990 - 
31.07.2025), Nigeria (30.01.2012 - 25.08.2025), and 
Türkiye (03.01.1988 - 31.07.2025), in order to assess 
the validity of both the Efficient Market Hypothesis 
(EMH) and the Adaptive Market Hypothesis (AMH). 

The sample period was chosen based on the 
availability of data. The MINT economies are 
selected because their ongoing structural and 
financial developments provide an ideal setting to 
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test whether their markets adhere to the static 
assumptions of the EMH or exhibit the time-varying, 
evolutionary efficiency proposed by the AMH. A 
detailed description of these variables can be found 
in Table 1. 

Table 1: Data Description. 
Countries Variables Abbreviations Units Sources 

Mexico 
MXX return 

series MXX 
Rate / 

Proportion 
Bloomberg 

(UK) 

Indonesia 
JKSE return 

series JKSE 
Rate / 

Proportion 
Bloomberg 

(UK) 

Nigeria 
NGXASI 

return series NGXASI 
Rate / 

Proportion 
Bloomberg 

(UK) 

Türkiye 
BIST 100 
(XU100) 

return series 
BIST 

Rate / 
Proportion 

Bloomberg 
(UK) 

3.2. Methodology 

This paper uses a two-stage empirical 
methodology to analyse the causal relationships 
between the variables. The first step of the 
econometric analysis consists of wavelet 
transformation. The next step is to analyse the order 
of integration of the series using the conventional 
ADF unit root test and the Fourier ADF unit root test, 
which allows for taking the possibility of structural 
breaks and nonlinearity into account. 

This methodological choice is motivated by the 
fact that macro-financial relationships in emerging 
markets are neither completely linear nor stable over 
time, especially in environments, i.e. MINT 
countries, where expectations are sensitive to 
monetary policy actions and institutional credibility. 

3.2.1. Wavelet Transform 

This paper applies wavelet analysis to all series, a 
methodological approach increasingly preferred in 
economic and financial research for its ability to 
handle localized variations without assuming data 
stationarity (Crowley, 2007). Specifically, the analysis 
employs the Maximal Overlap Discrete Wavelet 
Transform (MODWT) as a robust alternative to the 
conventional Discrete Wavelet Transform (DWT). 
While the standard DWT is restricted to sample sizes 
that are strictly a power of two and is highly sensitive 
to the starting point of the time series, the MODWT 
overcomes these limitations by avoiding decimation. 
Consequently, it yields a translation-invariant 
decomposition that can seamlessly handle any 
sample size while preserving the structural integrity 
of the data (Percival and Walden, 2000). Through 
Multi-Resolution Analysis (MRA), the MODWT 
decomposes each series into distinct, orthogonal 
frequency components, facilitating the clear 
separation of high-frequency market shocks, 

medium-term adjustments, and underlying long-
term trends (Gallegati, 2008). 

When selecting the appropriate wavelet function, 
we follow the suggestion proposed by Gençay et al. 
(2002) who note that wavelets with longer filter 
lengths offer a closer approximation to an ideal band-
pass filter. In line with this view, the analysis adopts 
the Least Asymmetric wavelet at level 5, LA(8), 
where the number eight refers to the width of the 
filter. This specification suits the data examined in 
the paper. This particular wavelet is well known for 
a range of appealing characteristics, including near 
symmetry, orthogonality, compact support and 
smoothness (Ha, Tan and Goh, 2018). 

The decomposition yields various multi-
resolution levels (wavelet details, denoted as dj) that 
correspond to specific physical time scales. Guided 
by the data frequency and the aggregations proposed 
in the literature (Ha et al., 2018; Rua and Nunes, 
2009), these bands are mapped into three distinct 
time-horizons. The short-run dynamics (combining 
d1 and d2) capture cycles of 2 to 8 days, reflecting 
immediate market responses and high-frequency 
volatility. The medium-run adjustments (d3) 
correspond to periods of 8 to 32 days. Finally, the 
long-run dynamics (d4 and d5, encompassing scales 
from 33 to 64 days) represent the low-frequency, 
long-term structural patterns embedded in the data, 
allowing for a comprehensive evaluation of market 
dynamics across different time horizons. 

3.2.2. Augmented Dickey-Fuller (ADF) Unit-
Root Test 

Traditional stationarity tests do not take structural 
breaks in the series into account. The classical 
Augmented Dickey–Fuller (ADF) test, associated 
with the work of Dickey and Fuller (1979, 1981), is 
one of them, and a widely used procedure for 
detecting the presence of a unit root in a time series. 
The test is based on estimating the following 
autoregressive representation equation (Equation 1): 

𝛥𝑦𝑡 =  𝛼1𝑦𝑡−1 +  ∑ 𝛽𝑗𝛥𝑦𝑡−1

𝑝

𝑗=1

+  𝜀𝑡 (1) 

Under the null hypothesis (H0) of a unit root, α=0, 
so the level of the series behaves as a non-stationary 
process. The alternative hypothesis (H1), α<0, 
implies stationarity around a deterministic 
component. Because the distribution of the test 
statistic does not follow standard asymptotic results, 
its critical values are those tabulated in Dickey and 
Fuller’s original studies. 
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The ADF test therefore provides a straightforward 
way to distinguish between unit-root behaviour and 
stationary dynamics, and remains a benchmark tool 
in empirical time-series analysis. 

3.2.3. Fourier ADF Unit Root Test 

The Fourier ADF unit root test was developed by 
Enders and Lee (2012), building on earlier work by 
Christopoulos and Leon-Ledesma (2010), who 
showed that low-frequency Fourier terms can 
capture smooth structural movements in economic 
time series. In their methodology, a variable yt is 
represented as the sum of a deterministic part that 
varies over time, d(t), and a random disturbance ʋt, 
as written in the Equation 2: 

𝑦𝑡 = 𝑑(𝑡) + 𝑣𝑡 (2) 

The deterministic component is modelled 

by means of a low-frequency Fourier expansion. 

Using the formulation in the Equation (3), they 

express d(t) as: 

𝑑(𝑡) =  𝛾0 + 𝛾1 sin (
2𝜋𝑘𝑡

𝑇
) +  𝛾2 cos (

2𝜋𝑘𝑡

𝑇
) (3) 

where k denotes the frequency used in the Fourier 
term, t is the time index, and T is the total number of 
observations in the data sample. 

The first step in applying the test involves 
identifying the frequency that provides the best fit. 
To do this, the Equation (3) is estimated for each 
integer value of k within the range 1≤k≤5. For each 
case, the sum of squared residuals is calculated, and 
the value of k that produces the smallest residual 
sum is taken as the preferred frequency k*. 

Once the optimal frequency has been chosen, 
residuals are obtained from the fitted deterministic 
part using the Equation (4): 

𝑣𝑡 = 𝑦𝑡 − 𝛾0 − 𝛾1 sin (
2𝜋𝑘∗𝑡

𝑇
 ) − 𝛾2 cos (

2𝜋𝑘∗𝑡

𝑇
 ) (4) 

These residuals are then subjected to the standard 
ADF regression, shown in the Equation (5): 

𝛥𝑣𝑡 =  𝛼1𝑣𝑡−1 +  ∑ 𝛽𝑗𝛥𝑣𝑡−1

𝑝

𝑗=1

+  𝜇𝑡 (5) 

 In the concluding step of the Fourier ADF 
procedure, the smooth structural break component is 
evaluated by testing whether the Fourier coefficients 
γ1 and γ2 are jointly insignificant. This is 
operationalized through an F-test: 

𝐻0 =  γ1 =  γ2 = 0,  

(Fourier terms are jointly insignificant; 

no smooth structural change) 

𝐻1 =  γ1 ≠ 0, γ2 ≠ 0,  

(Fourier terms are jointly significant; smooth 
structural change exists) 

 The decision rule is based on whether the 
computed F-statistic exceeds the corresponding 
critical value. When the F-statistic does not surpass 
the critical threshold, H0 cannot be rejected, implying 
that the deterministic component does not require 
Fourier adjustments. Under such circumstances, the 
conventional ADF unit root test constitutes the 
appropriate specification. If the F-statistic exceeds the 
critical value, H0 is rejected, the Fourier terms are 
deemed relevant, and the Fourier-augmented ADF 
specification should be used instead. 

After determining the appropriate specification, 
unit root testing proceeds either through the 
standard ADF regression or through the Fourier-
augmented ADF regression. In both frameworks, the 
presence of a unit root is evaluated through the 
coefficient of the lagged level term. The hypotheses 
can be stated as: 

𝐻0: 𝛼1 = 0, (the series contains a unit 

root) 

𝐻1: 𝛼1 ≠ 0, (the series is stationary) 
Inference regarding the stochastic behaviour of 

the variable depends on whether the estimated test 
statistic associated with α1 exceeds the relevant 
critical values. Failure to reject H0 indicates non-
stationarity, whereas rejection of H0 implies 
stationarity. 

Finally, it should be stressed here that the main 
purpose of the analysis below is not to estimate 
structural policy effects or parameter sizes, but to 
examine the stationarity behavior of the return series 
across different time scales in order to test the 
validity of the EMH and AMH. 

4. EMPIRICAL RESULTS 

When assessing the outcomes derived from the 
econometric analyses, which are robustly supported 
by bootstrap critical values, a specific fundamental 
assumption serves as the theoretical foundation. 
Discovering a unit root within the scrutinised 
financial time series signifies that equity valuations 
remain unpredictable through the use of historical 
information, meaning they follow a random walk 
progression. A characteristic of this nature ultimately 
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points towards the validity of the weak form of the 
Efficient Market Hypothesis (EMH). On the other 
hand, should the series display a stationary structure 
lacking a unit root, it becomes evident that prices 
actually react to past shocks. Displaying such 
behaviour establishes the existence of a certain 
degree of predictability within the market. Evidence 
of this sort heavily corroborates the AMH, a 
postulation arguing that market efficiency possesses 
the capacity to differentiate over time in response to 
shifting conditions. 

4.1. Unit Root Test Results 

Table 2 and Table 3 show that the wavelet-based 
linear (WADF) and non-linear (WFADF) unit root 
tests applied to the Indonesian equity market (JKSE) 
indicate that market efficiency evolves depending on 
the temporal scale. A close inspection of the WADF 
results reveals that the series exhibits a stationary 
architecture in the short (2-8 days) and medium term 
(8-32 days) under the constant and time trend model. 
The sensitivity of prices to historical data across these 
specific horizons, coupled with the presence of 
partial predictability, strongly corroborates the 
AMH. Moving towards the long-term evaluation 
spanning 33-64 days, the significance of the F-
statistics in the WFADF assessment points towards 
the existence of structural breaks; nevertheless, the 
series loses its stationarity and continues to exhibit a 
random walk character containing a unit root. Even 
when factoring in these disruptions, the persistence 
of a unit root over extended periods demonstrates 
that the market gradually absorbs shocks, thereby 
aligning with the weak-form EMH. 

Table 2: W-ADF Unit Root Test Results. 

Country Time-horizons 

WADF 

Constant 
Constant and time 

trend 

JK
S

E
 

Short-Run 
(2 to 8 days) 

-0.761 -3.297*** 

Medium-Run 
(9 to 32 days) 

-0.778 -6.444*** 

Long-Run 
(33 days to 64 

days) 
-0.279 0.198 

Note: ***, **, * denote significance levels at the 1%, 5%, 10% 
levels, respectively. At the 1%, 5%, and 10% significance 
levels, the critical values for the model with constant are -
3.19, -2.61, and -2.34, respectively; whereas for the model 
with constant and trend, the corresponding critical values 
are -3.69, -3.05, and -2.75 (Aydin and Pata, 2020). 

 

 

 

 

Table 3: W-FADF unit root test results 

Country Model 
Time-

horizons 
Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 

(τDF-C) 
F(k) 

JK
S

E
 

C
o

n
st

a
n

t 

Short-Run 
(2 to 8 
days) 

7.042 1 -1.556 1.668 

Medium-
Run 

(9 to 32 
days) 

0.172 1 -2.077 12.765* 

Long-Run 
(33 days to 

64 days) 
0.007 1 -2.491 17.892* 

 Time-
horizons 

Min. 
SSR 

k 
(frequency) 

FWADF 
stat. (τDF-

t) 
F(k) 

C
o

n
st

a
n

t&
 T

re
n

d
 

Short-Run 
(2 to 8 
days) 

5.966 2 -4.725 5.906 

Medium-
Run 

(9 to 32 
days) 

0.136 1 -4.255 8.208 

Long-Run 
(33 days to 

64 days) 
0.007 1 -2.681 19.087* 

Note: The symbol * denotes 5% statistical significance. The 
corresponding critical values of the FWADF statistic for k 
= 1, 2, 3, 4, and 5 frequencies at the 5% significance level are 
−3.23, −2.91, −2.69, −2.67, and −2.66 for the constant model 
(τDF‑C), and −3.58, −3.48, −3.37, −3.24, and −3.10 for the 
constant and trend model (τDF‑t) (Aydin and Pata, 2020). 
For the 5% significance level, the critical value of F(k) is 7.25 
for the model with constant and 8.71 for the model with 
constant and trend, as reported by Enders and Lee (2012). 

As observed in Tables 4 and 5, the wavelet-based 
unit root tests applied to the Mexican stock market 
(MXX) reveal that market efficiency exhibits a 
continuously evolving architecture across varying 
time horizons. Since initial stationarity was not 
identified via the WADF results, it is notable that the 
F-statistics emerged as highly significant under the 
constant and time trend model when evaluating the 
WFADF outcomes, which properly account for 
structural breaks. Modelling these specific 
disruptions alongside the trend effect demonstrates 
that the series displays a stationary structure in the 
short (2-8 days) and medium term (8–32 days). 
Because valuations possess partial predictability and 
remain distinctly sensitive to historical data across 
these precise periods, such behaviour robustly 
corroborates the AMH. Shifting focus to the extended 
assessment spanning 33-64 days, the series forfeits its 
stationarity and persists in a random walk character 
containing a unit root, notwithstanding the existence 
of structural breaks. This pattern suggests that the 
exchange ultimately absorbs shocks over time, 
gradually converging towards the weak-form EMH. 
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Table 4: W-ADF unit root test results. 

Country Time-horizons 

WADF 

Constant 
Constant and time 

trend 

M
X

X
 

Short-Run 
(2 to 8 days) 

-1.450 -1.620 

Medium-Run 
(9 to 32 days) 

-0.696 -6.656*** 

Long-Run 
(33 days to 64 

days) 
-0.391 1.746 

Note: *, **, *** denote significance levels at the 1%, 5%, 10% 
levels, respectively. The critical values for the model with 
constant are -3.19, -2.61, and -2.34 for the 1%, 5%, and 10% 
significance levels, respectively; whereas for the model 
with constant and trend, the corresponding critical values 
are -3.69, -3.05, and -2.75 (Aydin and Pata, 2020). 

Table 5: W-FADF unit root test results. 

Country Model 
Time-

horizons 
Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 

(τDF-C) 
F(k) 

M
X

X
 

C
o

n
st

a
n

t 

Short-
Run 

(2 to 8 
days) 

13.236 4 -1.526 1.173 

Medium-
Run 

(9 to 32 
days) 

0.307 1 -1.629 13.603* 

Long-
Run 

(33 days 
to 64 
days) 

0.009 1 -2.647 9.488* 

 Time-
horizons 

Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 
(τDF-t) 

F(k) 

C
o

n
st

a
n

t&
 T

re
n

d
 

Short-
Run 

(2 to 8 
days) 

10.599 1 -4.541* 9.829* 

Medium-
Run 

(9 to 32 
days) 

0.253 1 -4.937* 19.277* 

Long-
Run 

(33 days 
to 64 
days) 

0.009 1 -2.950 10.301* 

Note: The symbol * denotes 5% statistical significance. The 
corresponding critical values of the FWADF statistic for k 
= 1, 2, 3, 4, and 5 frequencies at the 5% significance level are 
−3.23, −2.91, −2.69, −2.67, and −2.66 for the constant model 
(τDF‑C), and −3.58, −3.48, −3.37, −3.24, and −3.10 for the 
constant and trend model (τDF‑t) (Aydin and Pata, 2020). 
For the 5% significance level, the critical value of F(k) is 7.25 
for the model with constant and 8.71 for the model with 
constant and trend, as reported by Enders and Lee (2012). 

Tables 6 and 7 illustrate that the assessments 
conducted on the Nigerian equity market (NGXASI) 
reveal a unique architecture in which market 
efficiency diverges from other MINT nations across 
specific time horizons. Evidence from the WADF 

results shows that the series contains a unit root in 
the short (2 to 8 days) and medium term (8 to 32 
days), indicating that prices remain unpredictable 
based on historical data and follow a random walk. 
This finding confirms the validity of the weak-form 
EMH during these periods. In contrast, the long-term 
analysis covering 33 to 64 days reveals that the series 
acquires a stationary structure with the emergence of 
structural breaks, as indicated by the WFADF test 
under both constant and trend specifications. The 
observation that an exchange behaving rationally in 
the short and medium term becomes sensitive to past 
data and partially predictable following long-term 
shocks and disruptions supports the AMH, which 
explains market dynamics as evolving over time. 

Table 6. W-ADF unit root test results. 

Country Time-horizons 

WADF 

Constant 
Constant and time 

trend 

N
G

X
A

S
I 

Short-Run 
(2 to 8 days) 

-0.292 -1.448 

Medium-Run 
(9 to 32 days) 

-1.217 0.138 

Long-Run 
(33 days to 64 

days) 
-0.806 -0.715 

Note: ***, **, * denote significance levels at the 1%, 5%, 10% 
levels, respectively. The critical values for the model with 
constant are -3.19, -2.61, and -2.34 for the 1%, 5%, and 10% 
significance levels, respectively, whereas for the model 
with constant and trend, the corresponding critical values 
are -3.69, -3.05, and -2.75 (Aydin and Pata, 2020). 

Table 7: W-FADF unit root test results. 

Country Model 
Time-

horizons 
Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 

(τDF-C) 
F(k) 

N
G

X
A

S
I 

C
o

n
st

a
n

t 

Short-Run 
(2 to 8 
days) 

3.448 4 0.113 1.615 

Medium-
Run 

(9 to 32 
days) 

0.064 1 -2.306 5.010 

Long-Run 
(33 days to 

64 days) 
0.002 1 -3.993* 10.641* 

 Time-
horizons 

Min. 
SSR 

k 
(frequency) 

FWADF 
stat. (τDF-

t) 
F(k) 

C
o

n
st

a
n

t&
 T

re
n

d
 

Short-Run 
(2 to 8 
days) 

2.976 1 -4.103 8.035 

Medium-
Run 

(9 to 33 
days) 

0.058 5 0.223 1.542 

Long-Run 
(33 days to 

64 days) 
0.001 1 -3.624* 10.388* 

Note: The symbol * denotes 5% statistical significance. The 
corresponding critical values of the FWADF statistic for k 
= 1, 2, 3, 4, and 5 frequencies at the 5% significance level are 
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−3.23, −2.91, −2.69, −2.67, and −2.66 for the constant model 
(τDF‑C), and −3.58, −3.48, −3.37, −3.24, and −3.10 for the 
constant and trend model (τDF‑t) (Aydin and Pata, 2020). 
For the 5% significance level, the critical value of F(k) is 7.25 
for the model with constant and 8.71 for the model with 
constant and trend, as reported by Enders and Lee (2012). 

As presented within Table 8 and Table 9, the 
wavelet-based unit root test findings for Türkiye 
equity market (XU100) reveal that market efficiency 
undergoes structural transformations depending on 
the temporal scale. Taking the WFADF analysis 
results into account, the existence of structural breaks 
was confirmed under the constant and time trend 
model, indicating that the series exhibit a stationary 
character in the short (2 to 8 days) and medium term 
(8 to 32 days). The fact that prices demonstrate 
sensitivity to historical data and possess partial 
predictability across these specific periods supports 
the AMH, which suggests that behavioural 
tendencies and shocks disrupt short- or medium-
term efficiency. Upon shifting to the long-term 
analysis spanning 33-64 days, the loss of significance 
in the F statistic led to a return to the WADF results, 
revealing that the series follows a random walk path 
containing a unit root. This transition of Türkiye 
market, where short- and medium-term fluctuations 
subside and prices attain a novel rational equilibrium 
within a low frequency structure, proves that the 
weak form of the EMH is valid at this particular scale. 

Table 8: W-ADF unit root test results. 

Country Time-horizons 

WADF 

Constant 
Constant and time 

trend 

X
U

10
0 

Short-Run 
(2 to 8 days) 

-1.717 -1.905 

Medium-Run 
(9 to 32 days) 

-1.141 -6.037*** 

Long-Run 
(33 days to 64 

days) 
-1.039 -0.308 

Note: ***, **, * denote significance levels at the 1%, 5%, 10% 
levels, respectively. The critical values for the model with 
constant are -3.19, -2.61, and -2.34 for the 1%, 5%, and 10% 
significance levels, respectively; whereas for the model 
with constant and trend, the corresponding critical values 
are -3.69, -3.05, and -2.75 (Aydin and Pata, 2020). 

Table 9: W-FADF unit root test results 

Country Model 
Time-

horizons 
Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 

(τDF-C) 
F(k) 

X
U

10
0 

C
o

n
st

a
n

t 

Short-
Run 

(2 to 8 
days) 

140.452 5 -1.617 0.200 

Medium-
Run 

(9 to 32 
days) 

3.366 2 -1.107 3.275 

Long-Run 
(33 days 

to 64 
days) 

0.101 3 -1.222 1.093 

 Time-
horizons 

Min. 
SSR 

k 
(frequency) 

FWADF 
stat. 
(τDF-t) 

F(k) 

C
o

n
st

a
n

t&
 T

re
n

d
 

Short-
Run 

(2 to 8 
days) 

97.203 1 -5.163* 13.121* 

Medium-
Run 

(9 to 32 
days) 

2.559 1 -5.246* 10.638* 

Long-Run 
(33 days 

to 64 
days) 

0.055 3 0.238 4.927 

Note: The symbol * denotes 5% statistical significance. The 
corresponding critical values of the FWADF statistic for k 
= 1, 2, 3, 4, and 5 frequencies at the 5% significance level are 
−3.23, −2.91, −2.69, −2.67, and −2.66 for the constant model 
(τDF‑C), and −3.58, −3.48, −3.37, −3.24, and −3.10 for the 
constant and trend model (τDF‑t) (Aydin and Pata, 2020). 
For the 5% significance level, the critical value of F(k) is 7.25 
for the model with constant and 8.71 for the model with 
constant and trend, as reported by Enders and Lee (2012). 

5. CONCLUDING REMARKS 

The present research investigates the validity of 
the Efficient Market Hypothesis (EMH) and the 
Adaptive Markets Hypothesis (AMH) across the 
equity markets of the MINT countries, which include 
Mexico, Indonesia, Nigeria, and Türkiye. These 
nations represent high growth potential within the 
global economy. To conduct this analysis, the paper 
first utilises the classical ADF (WADF) unit root test 
on series derived through Wavelet transform, a 
method that simultaneously accounts for time and 
frequency dimensions. Subsequent to this initial step, 
the Fourier ADF (WFADF) unit root test is applied to 
flexibly capture structural breaks alongside trend 
alterations. 

Unlike traditional stationarity tests, this 
methodological approach (incorporating WADF and 
WFADF unit root tests) decomposes series into 
distinct time horizons such as short, medium, and 
long term through multiresolution analysis (MRA) 
while modelling smooth structural breaks. Adopting 
such a technique provides a robust empirical 
foundation for making sense of the complex and 
fluid nature of emerging markets within the process 
of international financial integration. During the 
evaluation of the econometric findings, a specific 
fundamental assumption serves as the theoretical 
basis. That financial time series contain a unit root 
demonstrates that prices possess a random walk 
character, an architecture that can be consistently 
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explained via the EMH. Conversely, the presence of 
a stationary structure within the series indicates that 
valuations retain a sensitivity to historical data, 
which is subsequently interpreted within the scope 
of the AMH. The results obtained in accordance with 
this perspective reveal that market efficiency can 
present an evolving state that differs depending on 
both time and frequency. 

The findings clearly demonstrate that market 
efficiency within the MINT nations is not a static 
phenomenon, but rather a fluid process that evolves 
continuously depending on time horizons and 
structural shocks arising from global macroeconomic 
mechanics. This situation aligns robustly with the 
contemporary empirical results of studies such as 
Lim and Brooks (2009), Çevik and Topaloğlu (2014), 
Ertaş and Özkan (2018), Eyüboğlu and Eyüboğlu 
(2020), and Görgel and Ege (2024), all of whom argue 
that effectiveness shifts over time in response to 
crises and information flow. According to the 
analysis results, prices in the Indonesian, Mexican, 
and Türkiye equity markets exhibit sensitivity to 
historical data and harbour partial predictability in 
the short (2 to 8 days) and medium term (9 to 32 
days). From an international macroeconomics 
perspective, the sudden stop shocks triggered by 
shifts in speculative hot money flows toward 
emerging markets and contractions in global risk 
appetite can be evaluated as the primary catalysts for 
these short- and medium-term inefficiencies. 
Nevertheless, these markets were observed to return 
to rationality over the long term (33 to 64 days), 
acquiring a random walk characteristic containing a 
unit root. Contrary to expectations, the Nigerian 
market displayed asymmetric behaviour by acting 
rationally (in the form of the EMH) during the short 
and medium term, yet entered a stationary 
adaptation process sensitive to past data under the 
influence of long-term structural breaks. This long 
term memory effect observed in the Nigerian market 
also supports the findings of Karaömer (2022), who 
identified a dual long memory within the MINT 
countries. 

In a theoretical context, these outcomes 
demonstrate that the weak form of the EMH, 
proposed by Fama (1970) and asserting that markets 
possess absolute informational efficiency under all 
conditions, remains valid in the MINT countries only 
across specific time horizons, predominantly in the 
long term. Consequently, our findings sensitive to 
time and scale diverge clearly from conventional 
studies such as Eken and Adalı (2008), Zeren et al. 
(2013), Tuna and Öztürk (2016), and Başkaya (2025), 
all of whom claim that emerging markets and Borsa 

Istanbul are consistently efficient in the weak form 
with prices following an entirely random walk. The 
primary source of this divergence lies in the reliance 
of the aforementioned works on linear tests that 
overlook the distinction between time and frequency; 
conversely, the present paper successfully separates 
short term noise and behavioural deviations from the 
long term macro trend. Furthermore, the AMH by Lo 
(2004), which posits that investor rationality can shift 
periodically based on external factors, crises, and 
global information asymmetries, provides a much 
more inclusive and accurate theoretical foundation 
for explaining the general characteristics of these 
markets. Additionally, the fact that pricing 
mechanics exhibit structural differences based on the 
maturity expectations of investors, such as short term 
speculators versus long term fundamental analysts, 
carries a strong empirical parallel with the Fractal 
Market Hypothesis (FMH) (Peters, 1994; 
Mauboussin, 2002), which defines markets as 
multiscale complex adaptive systems rather than 
uniform equilibrium mechanisms. This multiscale 
architecture also methodologically confirms the 
research of Konak and Türkoğlu (2024), who 
highlighted fractal characteristics specifically within 
Borsa Istanbul. 

The outcomes of this research hold critical 
practical implications for financial market 
participants and regulatory institutions. Regarding 
fund managers and individual investors seeking 
international portfolio diversification, it is evident 
that behavioural biases and market anomalies within 
the MINT countries, particularly in Indonesia, 
Mexico, and Türkiye, can be converted into profitable 
opportunities through algorithmic strategies or 
technical analysis across short- and medium- term 
investment horizons. Nevertheless, when 
constructing these arbitrage strategies, the 
potentially erosive impact of high exchange rate risk 
on portfolio returns must not be ignored within 
economies sensitive to external financing like the 
MINT group. For long term global funds, the random 
walk principles where fundamental analysis and 
macroeconomic forces remain decisive continue to 
hold their validity. From the perspective of 
policymakers and regulatory authorities, ensuring 
financial market stability and limiting the effects of 
international financial contagion triggered by 
external shocks necessitates the implementation of 
flexible and adaptive oversight mechanisms. Rather 
than relying on static regulations, such mechanisms 
should enhance information transparency, increase 
market depth, support market resilience against 
currency shocks, and dampen periodic anomalies 
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during times of crisis or high volatility. 
Future research might broaden the scope of this 

investigation by integrating other clusters of 
emerging nations such as the BRICS or E7 to facilitate 
a more comprehensive comparative evaluation. 
Measuring the erosion of market memory caused by 
Global Financial Cycle shocks remains a vital path for 
academic inquiry. These shocks stem from monetary 
policy shifts by prominent institutions like the FED 
and ECB alongside the COVID 19 pandemic or global 
inflationary pressures. By utilising data of varying 

frequencies, scholars could explore the 
microstructural transformations of the AMH and 
FMH with much greater depth. 

Declaration of generative AI 
During the preparation of this paper, an AI-

assisted tool was used to a limited extent, solely to 
improve the language, grammar and readability of 
certain sentences. Following its use, the authors 
reviewed and edited the sentences, and take full 
responsibility for the published article.

REFERENCES 

Arshad, S., Rizvi, S. A. R., Ghani, G. M., & Duasa, J. (2016). Investigating stock market efficiency: A look at OIC 
member countries. Research in international business and finance, 36, 402-413. 
https://doi.org/10.1016/j.ribaf.2015.09.026 

Aydin, M., & Pata, U. K. (2020). Are shocks to disaggregated renewable energy consumption permanent or 
temporary for the USA? Wavelet based unit root test with smooth structural shifts. Energy. 
https://doi.org/10.1016/j.energy.2020.118245 

Barberis, N., & Thaler, R. (2003). A survey of behavioral finance. Handbook of the Economics of Finance, 1, 
1053–1128. 

Başkaya, H. (2025). Etkin Piyasalar Hipotezi Geçerliliğinin Sınanması: G20 Ülkelerinde Bir Uygulama. 
Uluslararası İktisadi ve İdari İncelemeler Dergisi, (48), 119-140. 
https://doi.org/10.18092/ulikidince.1620958 

Brealey, R. A., Myers, S. C., Marcus, A. J., Bozkurt, Ü., Arıkan, T., & Doğukanlı, H. (2007). İşletme finansının 
temelleri. Literatür Yayıncılık. 

Campbell, J. Y., Lo, A. W., & MacKinlay, A. C. (1997). The econometrics of financial markets. Princeton 
University Press. 

Çelik, T. T., & Taş, O. (2007). Etkin piyasa hipotezi ve gelişmekte olan hisse senedi piyasaları. İTÜ Sosyal 
Bilimler Dergisi, 4(2), 3-15. 

Çevik, E. İ., & Topaloğlu, G. (2014). Volatilitede uzun hafıza ve yapısal kırılma: Borsa İstanbul örneği. Balkan 
Sosyal Bilimler Dergisi, 3(6), 40–55. 

Cooray, A., & Wickremasinghe, G. (2007). The efficiency of emerging stock markets: Empirical evidence from 
the South Asian region. The Journal of Developing Areas, 41(1), 171–183. 

Crowley, P. M. (2007). A guide to wavelets for economists. Journal of Economic Surveys, 21(2), 207–267. 
https://doi.org/10.1111/j.1467-6419.2006.00502.x 

Daud, S. N. M., & Azman-Saini, W. N. W. (2010). Efficient market hypothesis in emerging markets: Panel data 
evidence with multiple breaks and cross-sectional dependence. Economics Bulletin, 30(4), 2987–2995. 

Degutis, A., & Novickytė, L. (2014). The efficient market hypothesis: A critical review of literature and 
methodology. Ekonomika, 93(2), 7-23. https://doi.org/10.15388/Ekon.2014.2.3549 

Demir, O., & Şimşek, T. (2024). Orta gelir tuzağının belirlenmesinde FWADF-FWKSS testleri: MINT ülkeleri 
örneği. Enderun İktisadi Araştırmalar Dergisi, 8(2). https://doi.org/10.59274/enderun.1532437 

Demireli, E., Akkaya, G. C., & İbaş, E. (2010). Finansal piyasa etkinliği: S&P 500 üzerine bir uygulama. 
Cumhuriyet Üniversitesi İktisadi ve İdari Bilimler Dergisi, 11(2), 53–67. 

Du, L., Jiang, H., Adebayo, T. S., Awosusi, A. A., & Razzaq, A. (2022). Asymmetric effects of high-tech industry 
and renewable energy on consumption-based carbon emissions in MINT countries. Renewable Energy, 
196, 1269-1280. https://doi.org/10.1016/j.renene.2022.07.028 

Eken, H., & Adalı, S. (2008). Piyasa etkinliği ve İMKB: Zayıf formda etkinliğe ilişkin ekonometrik bir analiz. 
Muhasebe ve Finansman Dergisi, (37), 1–17. https://izlik.org/JA75UP24FW 

Ertaş, F. C., & Özkan, O. (2018). Piyasa etkinliği açısından adaptif piyasa hipotezi’nin test edilmesi: Türkiye ve 
ABD hisse senedi piyasaları örneği. Finans Politik & Ekonomik Yorumlar, (642), 23-40. 

Eyüboğlu, K., & Eyüboğlu, S. (2020). Borsa İstanbul endekslerinde adaptif piyasa hipotezinin geçerliliğinin test 
edilmesi. Journal of Yasar University, 15(59), 642–654. https://doi.org/10.19168/jyasar.633351 

Fahmy, H. (2017). Testing the empirical validity of the adaptive markets hypothesis. Review of Economic 
Analysis, 9(2), 169-184. 



211 
ARE STOCK MARKETS IN MINT COUNTRIES EFFICIENT OR ADAPTIVE? EVIDENCE FROM A 

WAVELET-BASED UNIT ROOT TEST 
 

SCIENTIFIC CULTURE, Vol. 12, No 3.1, (2026), pp. 197-212 

Fama, E. F. (1970). Efficient Capital Markets: A Review of Theory and Empirical Work. Journal of Finance, 25(2), 
383-417. https://doi.org/10.2307/2325486 

Fama, E. F. (1980). Agency problems and the theory of the firm. Journal of political economy, 88(2), 288-307. 
Gallegati, M. (2008). Wavelet analysis of stock returns and aggregate economic activity. Computational 

Statistics & Data Analysis, 52(6), 3061–3074. https://doi.org/10.1016/j.csda.2007.07.017 
Gençay, R., Selçuk, F., & Whitcher, B. (2002). An introduction to wavelets and other filtering methods in finance 

and economics. Academic Press. 
Görgel, B. & Ege, İ. (2024). E7 ülkeleri pay piyasaları üzerine Etkin Piyasa Hipotezi ile Adaptif Piyasa 

Hipotezinin araştırılması. Fiscaoeconomia, 8(3), 1392-1423. https://doi.org/10.25295/fsecon.1448436 
Grossman, S. J., & Stiglitz, J. E. (1980). On the impossibility of informationally efficient markets. The American 

economic review, 70(3), 393-408. 
Gümüş, F. B., & Zeren, F. (2014). Analyzing the efficient market hypothesis with the Fourier unit root tests: 

Evidence from G-20 countries. Economic Horizons (Ekonomski Horizonti), 16(3), 225–237. 
https://doi.org/10.5937/ekonhor1403225g 

Gümüş, F., & Zeren, F. (2014). Testing weak form market efficiency for G-20 countries with Fourier unit root 
tests. Journal of Economics and Behavioral Studies, 6(10), 794–801. 

Ha, J., Tan, P. P., & Goh, K. L. (2018). Linear and nonlinear causal relationship between energy consumption 
and economic growth in China: New evidence based on wavelet analysis. PLoS ONE, 13(5), Article 
e0197785. https://doi.org/10.1371/journal.pone.0197785 

Hasanov, M. (2009). Is South Korea’s stock market efficient? Evidence from a nonlinear unit root test. Applied 
Economics Letters, 16(2), 163–167. https://doi.org/10.1080/13504850601018270 

Hasanov, M., & Omay, T. (2007). Are the transition stock markets efficient? Evidence from nonlinear unit root 
tests. Central Bank Review, 7(2), 1–12. 

Hepsag ̆, A., & Yaşar Akçalı, B. (2015). Zayıf formda piyasa etkinliğinin asimetrik doğrusal olmayan birim kök 
testi ile analizi: G-7 ve E-7 ülkeleri örneği. BDDK Bankacılık ve Finansal Piyasalar, 9(2), 73–90. 
https://izlik.org/JA23MS77EJ 

Jegadeesh, N., & Titman, S. (1993). Returns to buying winners and selling losers: Implications for stock market 
efficiency. The Journal of Finance, 48(1), 65–91. https://doi.org/10.1111/j.1540-6261.1993.tb04702.x 

Kahneman, D., & Tversky, A. (1973). On the psychology of prediction. Psychological review, 80(4), 237-251. 
https://psycnet.apa.org/doi/10.1037/h0034747 

Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under risk. Econometrica, 47(2), 
263–292. https://doi.org/10.2307/1914185 

Karaca, C. (2025). BRICS-T ülkelerinde Adaptif Piyasa Hipotezi: Jeopolitik risklerin dinamik etkileri ve piyasa 
tahmin edilebilirliği. Journal of Economics and Administrative Sciences, 26(2), 421-441. 
https://doi.org/10.37880/cumuiibf.1600181 

Kaya, Y. (2024). Finansal yakınsama hipotezinin wavelet analizi ile test edilmesi: E7 ülkelerinden ampirik 
kanıtlar. Uluslararası Yönetim İktisat ve İşletme Dergisi (International Journal of Management 
Economics and Business), 20(4). https://doi.org/10.17130/ijmeb.1538689 

Liu, Y., & Chen, K. (2024). Integrated effect of financial development and digital trade on resources footprint: 
Role of and agricultural value added in MINT countries. Resources Policy, 90, 104707, 1-9. 
https://doi.org/10.1016/j.resourpol.2024.104707 

Lo, A. W. (2004). The adaptive markets hypothesis: Market efficiency from an evolutionary perspective. Journal 
of Portfolio Management, 30(5), 15–29. https://doi.org/10.3905/jpm.2004.442611 

Lo, A. W. (2005). Reconciling efficient markets with behavioral finance: the adaptive markets hypothesis. 
Journal of investment consulting, 7(2), 21-44. 

Lo, A. W.; (2007), Efficient Markets Hypothesis, The New Palgrave: A Dictionary of Economics, L. Blume, S. 
Durlauf, eds., 2nd Edition, Palgrave McMillan, New York. 

López-Martín, C. (2023). Dynamic analysis of calendar anomalies in cryptocurrency markets: Evidences of 
adaptive market hypothesis. Spanish Journal of Finance and Accounting/Revista Española de 
Financiación y Contabilidad, 52(4), 559-592. https://doi.org/10.1080/02102412.2022.2131239 

Malkiel, B. G. (2003). The efficient market hypothesis and its critics. Journal of economic perspectives, 17(1), 59-
82. https://doi.org/10.1257/089533003321164958 

Narayan, P. K., & Narayan, S. (2007). Mean reversion in stock prices: New evidence from panel unit root tests. 
Studies in Economics and Finance, 24(3), 233–244. https://doi.org/10.1108/10867370710817419 



212 İBRAHİM HALİL POLAT et al. 
 

SCIENTIFIC CULTURE, Vol. 12, No 3.1, (2026), pp. 197-212 

Narayan, P. K., & Smith, R. (2007). Mean reversion versus random walk in G7 stock prices: Evidence from 
multiple trend break unit root tests. Journal of International Financial Markets, Institutions and Money, 
17(1), 152–166. 

Narayan, P. K., & Smyth, R. (2004). Is South Korea’s stock market efficient? Applied Economics Letters, 11(11), 
707–710. https://doi.org/10.1080/1350485042000236566 

Öz, D. (2024). Finansal piyasalarda etkinlik hipotezi: OECD ülkeleri üzerine bir uygulama. EKOIST Journal of 
Econometrics and Statistics, (40), 35–45. https://doi.org/10.26650/ekoist.2024.40.1289646 

Özcan, B., & Gültekin, E. (2016). Etkin piyasalar hipotezi G-20 ülkeleri için geçerli mi? Yeni bir yaklaşım. ICEB 
Konferans Bildirileri, 12-17. 

Özdurak, C., & Hekim, D. (2024). Beyond the Silicon Valley of the East: Exploring Portfolio Diversification with 
India and MINT Economies. Journal of Risk and Financial Management, 17(7), 269. 
https://doi.org/10.3390/jrfm17070269 

Percival, D. B., & Walden, A. T. (2000). Wavelet methods for time series analysis. Cambridge University Press. 
Rönkkö, M., Holmi, J., Niskanen, M., & Mättö, M. (2024). The adaptive markets hypothesis: Insights into small 

stock market efficiency. Applied Economics, 56(25), 3048-3062.  
https://doi.org/10.1080/00036846.2024.2326039  

Rua, A., & Nunes, L. C. (2009). International comovement of stock market returns: A wavelet analysis. Journal 
of Empirical Finance, 16(4), 632–639. https://doi.org/10.1016/j.jempfin.2009.02.002 

Sakınç, S. Ö., & Sakınç, İ. (2024). Borsa İstanbul katılım endekslerinin Etkin Piyasa Hipotezi Analizi: Zayıf 
formda etkinlik incelemesi. Hitit Sosyal Bilimler Dergisi, 17(ICAFR23 Özel Sayısı), 42-53. 
https://doi.org/10.17218/hititsbd.1391325 

Samuelson, P. A. (1965). Proof that properly anticipated prices fluctuate randomly. The world scientific 
handbook of futures markets, 25-38. https://doi.org/10.1142/9789814566926_0002 

Scalamonti, E. (2025). The weak-form efficient markets hypothesis: Macroeconomic evidence from MEDA 
capital markets. Quantitative Finance and Economics, 9(3), 631–657. 
https://doi.org/10.3934/QFE.2025022 

Shiller, R. J. (2003). From efficient markets theory to behavioral finance. Journal of economic perspectives, 17(1), 
83-104. https://doi.org/10.1257/089533003321164967 

Smith, G., & Ryoo, H. J. (2003). Variance ratio tests of the random walk hypothesis for European emerging stock 
markets. The European Journal of Finance, 9(3), 290–300. 
https://doi.org/10.1080/1351847021000025777 

Soykan, M. E. (2025). Latin Amerika ülkeleri endeksinde fraktal piyasa hipotezinin analizi. Asbider: Akademi 
Sosyal Bilimler Dergisi, 12(34), 17–30. https://doi.org/10.34189/asbd.12.34.002 

Tuna, G., & Öztürk, M. (2016). Piyasa etkinliğinin yapısal kırılmalı birim kök testleri ile incelenmesi: Türkiye 
pay senedi piyasası uygulaması. Uluslararası Yönetim İktisat ve İşletme Dergisi, ICAFR 16 Özel Sayısı, 
12(12) 548–559. 

Tuyon, J., & Ahmad, Z. (2016). Behavioural finance perspectives on Malaysian stock market efficiency. Borsa 
Istanbul Review, 16(1), 43–61. https://doi.org/10.1016/j.bir.2016.01.001 

Urquhart, A., & Hudson, R. (2013). Efficient or adaptive markets? Evidence from major stock markets using 
very long run historic data. International Review of Financial Analysis, 28, 130-142. 
https://doi.org/10.1016/j.irfa.2013.03.005 

Xiong, X., Yongqiang, M., Xiao, L., & Dehua, S. (2019). An empirical analysis of the Adaptive Market Hypothesis 
with calendar effects: Evidence from China. Finance Research Letters, 31, 321–333. 
https://doi.org/10.1016/j.frl.2018.11.020 

Yandık, F. M. (2023). Adaptif piyasalar hipotezi: G-7 ülkeleri ve yeni sanayileşen ülkeler üzerine bir uygulama 
(Doktora tezi). Hitit Üniversitesi Lisansüstü Eğitim Enstitüsü. 

Zeren, F., Kara, H., & Arı, A. (2013). Piyasa etkinliği hipotezi: İMKB için ampirik bir analiz. Dumlupınar 
Üniversitesi Sosyal Bilimler Dergisi, (36), 121–132.

 


