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Abstract

Purpose — This study’s goal was to identify how several markets have developed over time and what
determinants have influenced this process, based on adaptive markets hypothesis (AMH). In this regard, the
authors consider that agents are driven by the seeking for abnormal returns to stay “alive” and their environment
could somehow modify their decision-making processes, as well as influence the degree of efficiency of the market.
Design/methodology/approach — The authors collected the daily closing-of-the-market index from 50
countries, between 1990 and 2022. The sample includes emerging countries, developed countries and frontier
markets. Then, the authors ran multilevel modeling using Hurst exponent as an informational efficiency metric
estimated by two different moving windows: 500 and 1,250 observations (approximately 2 and 5 years).
Findings — The results indicate that the efficiency of the markets is not constant over time. The authors also
have identified that markets follow a cyclical pattern of efficiency/inefficiency, and they are currently in a
period of convergence to efficiency, possibly explained by the increase in computational capacity and speed of
the available information to agents. In addition, this study identified that country characteristics are associated
with market efficiency, considering institutional factors.

Originality/value — Studies of this nature contribute to the literature, considering the importance of better
comprehension of market efficiency dynamics and their determinants, specially observing other theories on the
relationship between information and markets (like AMH), which work with other investor assumptions than
those used by efficient market hypothesis.

Keywords Adaptive markets hypothesis, Efficient market hypothesis, Market efficiency, Multilevel modeling
Paper type Research paper

JEL Classification — B26, B27, D5, E44 I‘
© Marco Aurélio dos Santos, Luiz Paulo Lopes Favero, Talles Vianna Brugni and Ricardo Goulart

Serra. Published in Revista de Gestao. Published by Emerald Publishing Limited. This article is

published under the Creative Commons Attribution (CC BY 4.0) licence. Anyone may reproduce, Kot de Goat

distribute, translate and create derivative works of this article (for both commercial and non-commercial Emerald pub}iih';‘ngi;iiéﬁ

purposes), subject to full attribution to the original publication and authors. The full terms of this licence elI35N: 21778736

- : pISSN: 18092276
may be seen at http://creativecommons.org/licences/by/4.0/legalcode DOI 10.1108/REGE-06-2022-0095


http://creativecommons.org/licences/by/4.0/legalcode
https://doi.org/10.1108/REGE-06-2022-0095

REGE

1. Introduction

Despite the undeniable contribution of the efficient markets hypothesis (EMH), literature
has shown that market features are more complex than the axioms that Fama (1970)
presupposes (Campbell, Lo, & Mackinlay, 1997; Barberis & Thaler, 2003; Lo, 2005). In this
regard, behavioral finance constitutes an alternative area in which individual decision-
making presents cognitive biases and non-rational behaviors, bringing additional
explanations to the behavior of markets themselves (Tversky & Kahneman, 1974, 1979,
1991; Thaler, 1985; Shiller, 2003).

Considering theories of behavioral finance and the link to the evolutionary concept of
markets, adaptive markets hypothesis (AMH) proposed by Lo (2004, 2005) can be considered
an evolution of EMH. In that theory, a non-optimal investor decision may be associated with
an optimal decision of the market, throughout observation in an intertemporal process.
Competition for scarce abnormal returns by market agents tends to direct which decision
frameworks are best to be adopted in each period.

Therefore, AMH does not discuss the effect of environment in market efficiency shaping
the market dynamics over time. That point is important to comprehend that different markets
have different degrees of inefficiency at the same time. Previous studies on AMH worked in
identifying the cyclical behavior stated in Lo (2004, 2005) works, but they have not analyzed
this aspect.

In this sense, our main objective was to verify whether the economic-institutional
environment of the country affects its degree of efficiency. In addition, we verify whether the
markets present “cyclical” behavior in their degree of informational efficiency, determined by
variations in the economic scenarios of each country. Our proposal goes beyond testing and
making a remissive on AMH within the scope of market efficiency: our hypothesis suggests
that just as these agents are driven by the search for abnormal returns to stay “alive” in the
market, their environment forges and interferes in their decision-making processes, as well as
influences the degree of efficiency of the market as a whole. The proposed discussion can
strengthen AMH, showing that agents are not only adaptive “animals,” but furthermore they
are adaptive according to the environment they are in.

To seek our objectives, we ran multilevel modeling to consider intragroup heterogeneity
and differentiate heterogeneity between groups and environments from 50 countries. In this
regard, our findings suggest that the efficiency of the markets is not constant over time, and
from a general perspective, the environment of the agents influences their decision-making
processes over time. Such environmental characteristics are both variable over time, such as
cycles and economic shocks, as well as invariable (or with low variation) over time, such as
the economic and institutional environment.

Studies of this nature contribute to the literature, considering the importance of a better
comprehension of market efficiency dynamics and their determinants, especially
observing other theories on the relationship between information and markets (like
AMH) that work with different investor assumptions than those in EMH. Identifying how
institutional characteristics affect the market dynamics and their evolution is important
for regulators to improve policies, aiming at better institutional environment for financial
markets. For investors, understanding how markets evolve considering different “species”
of market agents could create a better analysis on market scenarios and whether times of
predictability are pronounced or not, considering their investment strategies.
Additionally, it is important to understand the role of the external environment in the
financial decision-making process. For regulators, our study contributes for the
understanding on how institutions (like law characteristics) and country characteristics
can shape market behavior and informational efficiency of markets, improving actions to
create a better environment for stock markets in each country.



2. Theoretical platform

2.1 Market efficiency: neoclassical concept

One of the main fields of study in finance is informational efficiency. Discussed since the
utility theory of Von Neumann and Morgenstern (1947), market efficiency is still a current
topic to this day. The pioneers in the theory of market information and behavior of returns are
Samuelson (1965), Roberts (1967) and Fama (1970), observing the time series of prices and if
they constitute a martingale or not.

Condensing the studies of market efficiency, a benchmark definition of efficient market is
given by the statement: “A market is efficient when prices fully reflect and quickly adjust to
new information” (Fama, Fischer, Jensen, & Roll, 1969; Fama, 1970). Fama (1970) adds some
considerations about market efficiency, splitting empirical evidence tests in three forms of
market efficiency (strong, semi-strong and weak). In this setting, Shleifer (2000) presents three
assumptions on which EMH is structured: (1) the unlimited rationality of the investor, who can
logically assess assets in the emergence of new information in the market; (2) arbitrage, for the
withdrawal of non-rational investors from the market, and (3) collective rationality, meaning
that mistakes made by non-rational investors can be cancelled if they trade at random.

Except for the weak form, there is no consensus on EMH, since several authors indicate
the existence of anomalies (e.g. size and momentum), in addition to questioning the rationality
of the agents because not all agents will make the same decisions in the face of the same
stimulus (news), which generates different results depending on each market/time/event
(Titan, 2015). Furthermore, EMH (1) does not explain why markets can switch from efficiency
periods to non-efficiency ones (Urquhart, 2013; Okorie & Lin, 2021) and (2) does not predict
the existence of the so-called noise traders and their decision-making biases (Ramiah, Xu, &
Moosa, 2015; Munir, Sukor, & Shaharuddin, 2022). On the other hand, it is important to
consider that this evidence does not invalidate EMH but only highlights how these anomalies
affect market efficiency. Conversely, the concepts of behavioral finance and AMH consider
such aspects.

2.2 Adaptive markets hypothesis (AMH)

AMH approach suggests that agents can adapt their heuristics in decision-making to achieve
greater rewards, but not in a 100% rational way, due to their own cognitive limitations and
distinct preferences that restrict their ability to process information. If the external
environment is stable, then this trend will move to an optimal point. On the other hand, with
changes in the external environment, the tendency to adaptive heuristics is not always
straightforward, and heuristics that work well in a given scenario may not be the best to be
applied in other scenario, thus generating periods of informational inefficiency (Lo, 2005;
Mensi, Tiwari, & Al-Yahyaee, 2019).

Lo (2004) states that AMH can be considered a new version of EMH, derived from
evolutionary principles of biology. According to him, prices reflect the level of information
based on the set of environmental conditions, the number and nature of “species” in the
economy. In this regard, AMH can be summarized by the following characteristics:
(1) individuals act in their own interests, (2) individuals make mistakes, (3) individuals learn
and adapt, (4) competition drives adaptation and innovation, (5) natural selection draws the
ecology of the market and (6) evolution determines the dynamics of the market. One of the
main findings in empirical studies is the cyclical behavior of inefficiency over time, as stated
by Lo (2004, 2005), as a result of a dynamic behavior of agents and market characteristics.

Looking for possible historical clues to explain periods of inefficiency, one can find
studies in the US market such as Kim, Shamsuddin, and Lim (2011), Alvarez-Ramirez,
Rodriguez, and Espinosa-Paredes (2012), Urquhart and Hudson (2013), Urquhart and
McGroarty (2014), and Lin, Lo, and Qiao (2021). Their results suggest that the fundamentals of
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the US economy and its changes over time (bubbles, crashes, presidential changes, financial
and political crises, inflationary and recessionary processes) directly affect the predictability
of returns (Kim, Shamsuddin, & Lim, 2011) and that periods with major economic and
general changes (e.g. wars) negatively affect market efficiency (Alvarez-Ramirez et al., 2012,
Choi, 2021).

Studies conducted in other markets also find support from AMH, such as Popovic,
Mugosa, and Durovic (2013), Urquhart and Hudson (2013), Ghazani and Araghi (2014),
Dourado and Tabak (2014), Suarez, Duarte, and Ortiz (2015), Verheyden, De Moor, and
Bossche (2015), Hiremath and Narayan (2016), Urquhart and McGroarty (2016), Okorie and
Lin (2021), and Munir, Sukor, and Shaharuddin (2022). These studies suggest different
impacts by macroeconomic and institutional incentives on market efficiency, suggesting that
factors other than economic ones may affect market efficiency over time, and differently,
depending on the stimulus level and macroeconomic environment.

In this regard, we notice that the degree of efficiency can rely on two factors: (1) level of
competition and (2) characteristics of the environment. Such factors are not constant over
time. This assertion is supported by Lo (2004, 2005) who showed that the efficiency of the US
market had seasonal behavior between 1871 and 2003, precisely due to changes in the
economic, technological and institutional environment (ecosystem).

As stated by Rejeb and Boughrara (2013) and according to Wang, Li and Forst (2021), this
would tend to increase the periods of informational efficiency in some of these markets. In this
regard, we tested the following research hypotheses:

Hla. There is an evolution in the degree of market efficiency over time.

HIb. There are differences in the evolution of the degree of market efficiency between
countries.

2.3 Impact of the economic-institutional and sectoral environment on capital markets
Several studies analyze associations between economic and institutional environments
and capital market attributes (e.g. efficiency, size and development, ownership
concentration and type of agents) in different countries and types of analysis (e.g.
Rajan & Zingales, 1995; La Porta, Lopez-de-Silanes, & Shleifer, 1998). Variables
commonly used in these studies are: (1) macroeconomic (Dewandaru, Rizvi, Bacha, &
Masih, 2014; Peiré, 2015; Dimic, Kiviaho, Piljak, & Ai1j0, 2016), (2) economic uncertainty
(Dimic et al., 2016), (3) monetary policy (Vithessonthi & Techarongrojwong, 2013; Belke &
Beckmann, 2015; Shahab, Ntim, Chengang, Ullah, & Fosu, 2018), (4) political uncertainty
(Chang, Chen, Gupta, & Nguyen, 2015; Al-Thaqeb, Algharabali, & Alabdulghafour, 2020),
(5) business environment (Rejeb & Boughrara, 2013; Blau, Brough, & Thomas, 2014,
Chang et al, 2015; Arjoon, 2016; Shahab et al., 2018), (6) institutional framework
(Dewandaru et al., 2014; Jain & Xue, 2017) and (7) demographic profile (Quayes & Jamal,
2015; Alda, 2017).

Literature indicates different behaviors between markets in different countries and
different behaviors between sectors/indices of the same market, as well as the effect of both
intrinsic and extrinsic characteristics to countries, such as the 2008 crisis (Contreras, Hidalgo,
& Nunez, 2017; Deo, Spong, & Varua, 2017). An analysis of the literature allows us to observe
the recurrence of studies on impacts of characteristics related to markets’ economic policies
and legal frameworks. We observed that characteristics related to the legal behavior of
regulatory agents have an impact on the informational process of the markets, which may or
may not guarantee a fast or slow adaptation of market agents to economic shocks, based on
the AMH framework. The economic regulation structure of a country can also determine
whether the market has longer periods of inefficiency compared to other countries with a
distinct economic framework.



However, it is also important to highlight the cultural effects presented in the literature.
Cajueiro and Tabak (2004) suggest that determinants of informational efficiency are
associated with the economic environment and the level of market development. However,
none of these studies analyze or test the power of those determinants in explaining the
variation in the degree of efficiency of these economies over time. Countries that have a
stronger investment culture can better shape investor species compared to other markets. In
this regard, we observed heterogeneity of behaviors and relationships in research under the
AMH framework. Additionally, to understand the functioning of AMH in different economic
contexts, it is worth analyzing the different “market ecosystem” of each country, represented
by the general economic, institutional, legal and cultural characteristics of the geographic
region and its interrelationships with other economic environments.

In view of this scenario, we also tested the following hypotheses:

H2. Institutional changes and economic shocks are related to the variation in the degree
of market efficiency over time.

H3. Characteristics of the economic-institutional environment of countries are related to
the degree of market efficiency, and there are differences in this relationship across
different economies.

3. Methods

3.1 Population and sample

We collected the daily closing of the market index from 50 countries, for the longest period
between 1990 and 2022 (some came into existence after 1990). Our sample includes emerging
countries (e.g. Latin American market), developed countries (e.g. United States, United
Kingdom and Japan), the so-called frontier markets (e.g. Jordan and Pakistan) and two special
cases (Hong Kong and Taiwan), with recognized and not recognized autonomy by the
Chinese government and international bodies, respectively.

The choice of the period, from 1990 to 2022, considered (1) the need for a long period of time
since (a) we study institutional factors that present little variance over time, and (b) the first
observations are discarded by the process of estimating the moving windows (estimated at
two periodicities, 500 and 1,250 observations) and (2) the existence of few markets with data
that could be used efficiently prior to 1990.

3.2 Data collection and variables

The daily prices of stock exchange indices and the daily remuneration of government bonds
were collected from Bloomberg, Investing.com and Stooq. Data on the characteristics of the
countries and markets were collected from the World Economic Forum and World Bank, on
an annual basis. The difference in the periodicity of the data (daily and annual) was addressed
through the calculation of the means, which in multilevel models allows capturing its effects
on the dependent variable under study.

In order to analyze the behavior of informational efficiency presented by Lo and
MacKinlay (1999) and Auer (2016), we used the ARFIMA (p,d,q) estimation model, with
d being the differentiation parameter of the long time series. For the purpose of this research,
the Hurst exponent has lower and upper limits established at —0.5 and +0.5, respectively.
The center point indicates the standard efficiency. Values tending to the left (toward —0.5)
suggest intermediate memory, and to the right (toward +0.5), long memory of the time series
(greater predictability).

To test Hla and H1b, we calculated the dependent variable over time using two moving
windows, with 500 and 1,250 observations (approximately 2 and 5 years, respectively), as
presented by Anagnostinidis, Varsakelis, and Emmanouilides (2016). To test H2, we used two
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sets of cycle proxies and economic shocks and/or structural changes. The first set refers to yields
(daily) on government bonds maturing in 5 (BOND5) and 10 (BOND10) years, which are used
directly for verification of association with the behavior of informational efficiency. The second
set refers to the spread (daily) of government bonds in relation to the risk-free security, and for
the risk-free security, we use the average of the 10-year bonds of the three largest developed
economies in the world (Germany, United States and Japan). We also use two lagged variables,
one year (SPREADt-1) and two years (SPREADt-2), to identify whether behaviors from previous
periods would be able to influence the degree of efficiency of the current period (SPREADL).

We tested H3 using a group of variables representative of the economic-institutional
environment of countries that is connected to the relative inefficiency of markets. Thus, we
used the variables (constant over time) described in Table 1 (section 3.3), based on previous
research that analyzes institutional economic environment.

3.3 Data analysis and estimation of regression models
Our choice of multilevel models was based on the structure in which the database is
presented. The database structure has two levels of analysis. At the first level (associated
with time), there are observations of each country at each instant of time £, varying over time.
The second level presented (country) groups all observations, which remain constant over
time, refer to the country. We use multilevel modeling because of the capacity of the model to
capture latent behavior (as group nonvisible variables). In that case, it is possible to observe
the effects of nonvariant country/stock market characteristics in the degree of inefficiency,
using the intraclass correlation coefficient (ICC) measure. Considering this structure, we can
use the multilevel models to associate how much the latent variables related to time (level 1)
and constants in each country (level 2) can explain the behavior of the relative degree of
inefficiency of the markets (Raudenbush & Bryk, 2002). In other words, we can verify how
institutions (constant factors over time) and other countries’ characteristics affect the
dynamics of temporal evolution of the efficiency of different markets.

We used the null model (Equation 1) and the growth curve model (Equation 2) to test
hypothesis 1 (Hla and H1b):

Hurst(500,1250),, = yo0 + o + &4 @

where:

Hurst(500,1250),: refers to the Hurst variable measured in each period ¢ for each of the
windows (500 observations: Hurst500, and 1250 observations: Hurst1250,) of a given
index [,

Yoo Overall mean of the sample,
7o refers to the error associated with non-variant country characteristics in time

&;;. refers to the idiosyncratic error related to the variant characteristics over time
Hurst(500,1250), = yo0 + (r10 + 71:). Times + to; + €4 @
where:
Timey;: refers to the measurement number in the time sequence ¢ of a given index ¢

710: average of the slope coefficients of the first level equation (suppressed)

714 error at group level i correlated with evolution in time ¢ and other variables as described



Variable Proxy used Origin*
Dependent variables
Hurst500  Market Relative inefficiency ~ Hurst Exponent — 1/2 (estimation of parameter d) A
index 1 calculated by ARFIMA(0,d,0) model (Autoregressive
Fractionally Integrated Moving Average — with
range between —0.5 and +0.5) of daily selected
indexes log-returns by rolling windows of 500
observations
Hurst1250 Market Relative inefficiency ~ Hurst Exponent — 1/2 (estimation of parameter d) A
index 2 calculated by ARFIMA(0,d,0) model (Autoregressive
Fractionally Integrated Moving Average — with
range between —0.5 and +0.5) of daily selected
indexes log-returns by rolling windows of 1,250
observations
Country level variables
Interests and risk metrics
BOND10 BondYield (10 years) Daily Bond Yield of government bonds maturing in ~ INV
10 years
BOND5 BondYield (5 years) Daily Bond Yield of government bonds maturingin5  INV
years
SPREAD  BondYieldSpread Difference between Bond Yield (10 years) — average  INV
(BondYield TNote, Bund10, JPBond10)
Economic and institutional environment metrics
TAX Total tax rate Country’s tax rate average in the studied period by ~ GCI
combining variables Profit Tax (% of profits), labor
tax and other contributions (% of profits) and other
taxes (% of profits) by the World Economic Forum
(WEF)
GDP GDP Growth Country’s GDP average growth in the studied period BM
INFL Inflation Country’s inflation average index in the studied BM
period
PROP Property Rights Average property rights metric as identified by the ~ GCI
World Economic Forum’s Global Competitiveness
Index (WEF-GCI) for each country in the period
AUDIT Strength of Auditing and Average of metric of Strength of Auditing and GCI
Reporting Standards Reporting Standards calculated by WEFGCI by
country in the period
INVEST Strength of Investor Average of WEF-GCI combination of variables GCI
Protection Index Extent of disclosure Index and Ease of shareholder
suit index by country in the period
REG Capital Market Regulation Average of Capital Market quality of regulation index ~ GCI
by WEF-GCI by country in the period
LEGAL Legal Rights Index Average of Protection of creditors and borrowers in ~ GCI

the legal system that eases lending processes by
WEF-GCI by country in the period

Note(s): *A = Calculated using as databases: Stooq.com, YahooFinance.com, GoogleFinance.com, Investing.
com and bloomberg.com; INV = Investing.com; WB = World Bank; GCI = World Economic Forum Global

Competitiveness Index
Source(s): Authors
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Table 1.
Variables of the study

After the null and growth curve models, we included the explanatory variables at the
different levels, in a procedure known as step-up strategy, starting with level 1 variables
(associated with time — time variants), Bond Yield and Bond Yield Spread (Snijders, 1996).

Through Equation (3), we tested H2.
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Hurst(500,1250), = yoo + (10 + 1) Times; + yoo.BondYieldy;
+ y59-BondYieldSpread,; + v + € 3)

where:
BondYield,;: represents the observations of the yield of the country index bond ¢, in time ¢
790 average of the slope coefficients of each observation

BondYieldSpread,;: observations of the bond yield spread of the country index i, at the time
t

7s0: average of the slope coefficients of each observation and other variables as described

The last step of the step-up strategy refers to the inclusion of the variables representing the
economic and institutional environment, constant over time, which according to Snijders
(1996) are associated with the second level (country). Then, we have tested H3 with the model
expressed in Equation (4) as follows:

Hurst(500,1250); = yoo + 701 (TAX:) + 702 (GDP;) + o3 (INFL;) + v04(PROP;)
+ 705 (AUDIT;) + yos(INVEST;) + vo; (REG;) + y,s(LEGAL;)
+ (r10 + 711)- Timey + yoy.BondYield,; + ysy.BondYieldSpread,; +
+ &4
“)
where:

You Yo Yoz You Yos Yoe Yor and yog are angular coefficients for the variables TAX,, GDP;,
INFL,;, PROP;, AUDIT;, INVEST;, REG; and LEGAL,; and explanatories of the first-level
equation intercept f; (suppressed).

Table 1 presents the variables we used in our models and their calculations, which in turn
have followed the pattern of the literature on the subject.

4. Results and discussion

4.1 Descriptive analysis of the dependent variable

As shown in Table 2 below, the overall average daily log-return is 0.000, with standard
deviation of 0.015. The lowest average in the period is the Italian index with —0.000 and the
highest average is the Brazilian index (IBOVESPA Index) with 0.002, signaling great
heterogeneity between countries. The largest individual drop occurred on 13 October 2008,
due to the collapse of the Icelandic banking system (—1.062) and the highest individual high
occurred on 21 May 1992, when the Shanghai Composite Index rose 0.719.

These log-extreme returns have an impact on the measure of relative inefficiency and on
the tests of theory. However, we found that the main windows of negative returns are related
to periods of economic instability and financial crises, such as 2008 and 2022 crises, and
nstitutional crises in markets such as Brazil (3 August and 13 August 1992), Russia (28
October 1997 — impact of the Asian crisis on emerging markets, lasting until 1998), as well as
effects of the 2008 crisis (Russia — 16 September and 6 October 2008; Egypt — 7 October 2008).
Based on the inefficiency metrics for rolling samples of 500 (Hurst500), we observed two
countries with exponent above +0.10 (alphabetical order): Chile and Egypt. There is no
market with exponent below —0.10. We observed that in the range between —0.10 and +0.10,
smaller markets tend to have exponents closer to extremes (except for the Malay market, with
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0.074). Based on inefficiency metrics for rolling samples of 1,250 (Hurst1250), almost all
results remain the same.

We have identified an average cyclical behavior of exponents (daily average for all
countries) of the sample over time, with periods of efficiency growth and decrease, being the
500-day window more volatile and the 1,250-day window more constant over time (Figure 1).
One possible explanation for increased volatility in the 500-day window is that it captures
changes in behavior trends (efficient vs inefficient) due to discrete external stimuli, while the
1,250-day window ends up smoothing out these changes.

In general, Figure 1 suggests a trend toward a reduction in the degree of information
inefficiency over time, despite the cyclical behavior. Comparing three distinct periods (1992—
2000, 2001-2010 and 2011-2022), we noticed a sharper reduction in the first period, a decrease
with less cyclic behavior in the second period and an again highly cyclic pattern from 2011 on
(third period), with negative periods for the exponent with 500 observations (negative long
memory). That point is evidenced in the growth curve model (Table 5), shown in section 4.3.

It is possible to identify the impact of large events on the dynamics of inefficiency by
analyzing the 1,250-day window. Moreover, it is possible to verify patterns in line with the
AMH, including:

(1) An increase in inefficiency during global contagious financial crises (2007—2008 and
20202022, respectively) due to initial disorganization, followed by a subsequent fall in
inefficiency resulting from the adjustment process.

(2) Between 2001 and 2006, a period marked by a certain stability in efficiency attributed to
the existence of abnormal returns. This stability could potentially be explained by a process
of expansion in the world economy after a period of high volatility and several regionalized
crises with medium impact in the previous decade.
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Table 3.
Descriptive statistics of
explanatory variable

Figure 1 indicates that the daily sample mean has an impact derived from global crises,
generating a distance from the optimal point (0.000). However, such behavior is not clear to
individual markets, indicating that (1) markets are differently affected by global
determinants and/or (2) there may be individual determinants in this process (therefore,
the use of multilevel analysis may be indicated). Examples of the latter are the institutional
structures of the countries, their degree of openness to internationalization and their
processes of internal adjustments (political, economic and legal). These aspects may impact
the perception of crisis probability from market agents (which may not be only reactive, but
partly predictive and dependent on the effect of learning) that, in turn, interfere in the level of
informational inefficiency. This point is in line with Lo (2004, 2005) considering the
relationships between agents in terms of optimal decision.

4.2 Descriptive analysis of explanatory variables

Table 3 presents descriptive statistics of explanatory variables. The high level of standard
deviation of variables in relation to their respective means indicates a large difference
between yields and spreads of developed and developing countries, which in turn corroborate
the heterogeneity of the sample. We also noticed a potential disparity between economic
variables (especially inflation) and legal aspects (legal guarantees).

4.3 Analysis of multilevel regression models: null model and growth curve model

Through the null model (Equation 1), we check if there is a statistically significant difference
between the indices of countries and how much of this difference can be explained by latent
characteristics over the time.

Table 4 presents the results of Equation (1). The Likelihood Ratio test indicates that the
multilevel model is preferable to the linear model for both regressions. The means of
inefficiency estimated for the two windows are close, but with slight superiority when
estimated for 1,250 observations (intercept 0.032 vs 0.028 for 500 observations). Through the
ICC, we identified that (1) for the 500 observations window, 35.368% of the variance is from
the grouping at the country level, and the remainder (64.632%) refers to characteristics
associated with a specific country over time; and (2) for the window of 1,250 observations,
48.053% of variance comes from the grouping at the country level, and the remainder
(51.947%) refers to characteristics associated with a specific country over time.

In this sense, we understand that a significant part of the variance of inefficiency indices is
associated with constant characteristics in time (or at least invariants for long periods of time),

Variables Obs Mean Standard deviation Variation Coef.
BOND10 236,995 4643 3401 0.732
BOND5 247,224 4.290 3.777 0.880
SPREAD 160,314 2.644 3471 1.312
SPREAD (t-1)

SPREAD (t—2)

TAX 357,607 43734 16.168 0.370
GDP 357,607 2.780 1.783 0.641
INFL 349,575 3.180 2.395 0.753
PROP 364,501 5.062 0.887 0.175
AUDIT 364,501 5.254 0.660 0.126
INVEST 364,501 6.108 1.328 0.217
REG 364,501 4.906 0.678 0.138
LEGAL 364,501 5.948 2.122 0.357

Source(s): Research data




Inefficiency index (Hurst — 0.50) 500 obs. window 1,250 obs. window

Groups/observations

Country/Stock Index 50 50

Observations 3,39,508 3,02,023
Coef. PR) Coef. PR)

Fixed effects

Intercept 0.028 Howk 0.032 Hokk

Random Effects (Estimated Variance)

Country/Stock Index 0.002 0.002

Observations 0.004 0.002

Intraclass Correlation Coefficient

Level 2 (Country/Stock Index) 0.354 0481

Level 1 (Time) 0.646 0.519

Robustness Checks )

Multilevel X Linear model (y%) 1.40E+4-05 o 1.9E+05 Hk
Note(s): *** sig. 1%. Estimation by restricted maximum likelihood model (REML)

Source(s): Research data

Adaptive
markets
hypothesis

Table 4.
Equation 1 results

such as structural characteristics (e.g. institutional characteristics and behavioral structures
of agents that require longer adaptation time to new scenarios), as tested in Table 5.

The evidence presented in sections 4.1 through 4.3 does not allow the rejection of the
hypotheses Hla and H1b. Therefore, our results suggest that the degree of informational
efficiency is cyclical over time and between different exchanges/countries, given its constant

Inefficiency index (Hurst — 0.50) 500 obs. window 1,250 obs. window

Groups/Observations

Country/Stock Index 50 50

Observations 3,39,508 3,02,023
Coefficient PR) Coefficient PR)

Fixed effects

Intercept 0.077 wk 0.085 Hk

Time 0.000 ok 0.000 ok

Random Effects (Estimated Variance)

Country/Stock Index 0.002 0.002

Observations 0.003 0.002

Intraclass Correlation Coefficient

Level 2 (Country/Stock Index) 0.384 0.531

Level 1 (Time) 0.616 0.469

Robustness Checks )

Multilevel X Linear model ) 1.06E+05 wkk 2.20E+05 wk

Wald 5% (1) 69657.44 ok 94776.45 ok

Table 5.

Note(s): *** sig. 1%. Estimation by restricted maximum likelihood model (REML) with unstructured Equation 1 results with

parameters of variance/covariance
Source(s): Research data

constant
characteristics in time
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characteristics and the dynamics of evolution of the different markets analyzed. That
evidence is in line with previous research on AMH that presents evidence of cyclical behavior
in the markets and degrees of informational efficiency, as referenced in section 2.2.

4.4 Analysis of multilevel regression models.: multilevel model with inclusion of coefficients
First, we analyzed the relationship between economic shocks and the variation of the
inefficiency index over time. To this end, we included two sets of cycle proxies and economic
shocks and/or structural changes: yield and spread (section 3.2). The estimated model
corresponds to Equation (3).

Tables 6 and 7 present the results for the inefficiency index for 500 observations
(Hurst500) and for 1,250 observations (Hurst1250), respectively. Considering only yields for
both windows (models 1 and 2 of Tables 6 and 7), we noticed that they show positive sign
(with one exception, but without statistical significance), indicating that the higher the yield,
the higher the inefficiency of the market. We present one possible explanation for this
phenomenon: the higher spread indicates a higher probability of default. In that case, AMH
would say that higher spreads can show a period of financial crisis or uncertainty in the
economy, leading to a higher degree of inefficiency (Lo, 2004, 2005).

The shift in the significance of the yield variable to the spread variable in models and 5 for the
500 and 1,250-day window indicates that the yield variable measures, for longer windows, the
increased probability of default (spread) — explaining why the yield variable loses significance
being replaced (with the same positive sign) by the spread variable. The accumulation of the
variable spread (with positive sign) to the negative effect of the yield variable could be explained
by agents’ behavior, which is not always consonant to the probability of worsening of the
economic scenario. With agents underestimating the worsening, they can imagine having
abnormal returns (increased return without the corresponding increased risk increases
abnormal return), which makes them less efficient. With the increased probability of default
materializing (unexpected or neglected by the agents, at first), there is the escape of the agents
and the explanation given to the long window model becomes evident.

Considering the characteristics of the inefficiency index estimation process (through
moving windows), as noted earlier, another possible explanation for this phenomenon is
associated with short- and long-term trends (variants over time and structural) for the
indicator of inefficiency. The 500-day window (2 years), according to Anagnostinidis et al.
(2016), captures more variant effects over time, not contemplating an economic cycle (which
would present estimators who would not be under the effects of general economic change),
estimated by authors between 4 and 5 years (1,000-1,250 obs. on average).

The evidence presented up to this point does not allow us to reject the H2 hypothesis.
However, we point out that not all agents make decisions or react in the same way to changes
reflected in yields and spreads. Therefore, information about the probability of a default or a
recession period can be assimilated differently by the pricing framework of each “species” of
market agent, as Lo (2004, 2005) and Urquhart and McGroarty (2016) state.

The last stage of modeling includes the variables related to the economic environment
(GDP, INFL and TAX) and the institutional environment (PROP, AUDIT, INVEST, REG and
LEGAL) in the model, considered invariants in time. The estimated final model corresponds
to Equation (4).

Tables 8 and 9 present the results for the inefficiency index for 500 observations
(Hurst500) and for 1,250 observations (Hurst1250), respectively. Analyzing Tables 6-9, we
observed that the effects of shock variables and economic cycles remain the same in the
presence of economic and institutional environment variables. Analyzing Tables 8 and 9, we
noticed that the effects of the variables of the economic-institutional environment are
practically the same (with small exceptions) for the two windows (500 and 1,250
observations).
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Inefficiency index (Hurst — 0.50) 500 obs. Window

Models 6 7 8

Country/Stock Index 48 46 46

Observations 3,25,581 83,027 83,027
Coef. Pi) Coef. Pi) Coef. Pz)

Fixed effects

Intercept 0.091 0.077 0.052

Time —0.000 —0.000 —0.000

Bond yield 10 years —0.009

Bond yield 5 years —0.004 ek

Bond yield spread 0.009  H*x 0.005

Bond yield spread (t—1) 0.001 0.001

Bond yield spread (t—2) 0.001 0.001

Total Tax Rate (TAX) —0.001 —0.001 —0.001

GDP Growth (GDP) 0.006 0.006 0.006

Inflation (INFL) 0.003 0.003 0.002

Property Rights (PROP) —0.002 0.017 0.018

Strength of Auditing and Reporting (AUDIT) 0.038 0.020 0.025

Strength of Investor Protection (INVEST) 0.008 0.010 * 0011 *

Capital Market Regulation (REG) —0.039 —0.046 —0.053 *

Legal Rights (LEGAL) —0.010 ** -0.010  ** —0.010  **

Random Effects (Estimated Variance)

Country/Stock Index 0.002 0.002 0.002

Observations 0.003 0.002 0.002

Intraclass Correlation Coefficient

Level 2 (Country/Stock Index) 0.339 0.461 0472

Level 1 (Time) 0.661 0.539 0.528

Robustness Checks )

Multilevel X Linear model (y%) 11E+05  ** 3582819 wk - 37205.55 Hok

Wald z° 68143.01 olx 116332 %% 101467  *

Note(s): * sig. 10%; ** sig. 5%; *** sig. 1%. Estimation by restricted maximum likelihood model (REML)
Source(s): Research data

Adaptive
markets
hypothesis

Table 8.

Results for the
inefficiency index for
500 observations
(Hurst500)

The economic environment variables present results expected by AMH: (1) GDP has a
positive signal because periods of expansion tend to generate higher abnormal returns,
making agents feel more relaxed and therefore less efficient (also consistent with AMH
assumptions — Lo, 2004, 2005).

(2) REG and LEGAL presented a negative signal, indicating that a solid institutional
environment attracts internal and external investors, making the environment more
competitive and with greater demand for agents’ efficiency to ensure their survival, in line
with Forti, Yen-Tsang, and Peixoto (2011), Rejeb and Boughrara (2013) and Blau, Brough, and
Thomas (2014). Better stock market regulation and law enforcement create a better
informational environment and incentivize the agents to compete. These results are in line
with AMH assumptions by Lo (2004, 2005).

The positive effect of INVEST draw attention. Considering the effect is significant to 10%,
the signal is positive. That result is inconsistent with the other institutional variables: REG
and LEGAL. This result is consonant to Blau et al. (2014), considering the assumption that
more investor protection and subsequent regulation of investor relations can be related with
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Table 9.

Results for the
inefficiency index for
1,250 observations
(Hurst1250)

Inefficiency index (Hurst — 0.50) 1,250 obs. window

Models 6 7 8

Country/Stock Index 48 46 46

Observations 2,839,597 82,398 82,398
Coef. Pz) Coef. Pi) Coef. Pi)

Fixed effects

Intercept 0.090 0.051 0.063

Time —0.000 —0.000 ek —0.000 e

Bond yield 10 years 0.003  #**

Bond yield 5 years 0.001

Bond yield spread —0.003 —-0.001  **

Bond yield spread (t—1) 0.001 0.001

Bond yield spread (t—2) 0.001 0.001

Total Tax Rate (TAX) —0.001 —0.001 —0.001

GDP Growth (GDP) 0006 * 0.007 * 0.007 *

Inflation (INFL) 0.003 0.002 0.002

Property Rights (PROP) —0.005 0.008 0.009

Strength of Auditing and Reporting (AUDIT) 0.043 0.032 0.030

Strength of Investor Protection (INVEST) 0010 * 0011 * 0011 *

Capital Market Regulation (REG) —0.043 —0.058  ** —0.055 *

Legal Rights (LEGAL) —-0.009  ** -0.008 * -0.008 *

Random Effects (Estimated Variance)

Country/Stock Index 0.002 0.002 0.002

Observations 0.002 0.001 0.001

Intraclass Correlation Coefficient

Level 2 (Country/Stock Index) 0.480 0.604 0.597

Level 1 (Time) 0.520 0.396 0.403

Robustness Checks )

Multilevel X Linear model (5% 15E+05  ***  55347.78 wk - 55771.36 wk

Wald * 9053798 ek 111748 ok 1018.74 %

Note(s): * sig. 10%; ** sig. 5%; *** sig. 1%. Estimation by restricted maximum likelihood model (REML)
Source(s): Research data

riskier markets. In AMH perspective, more investor protection can cause control access of
agents for specific markets, reducing interaction and competitiveness.

The evidence presented in this section does not allow us to reject the H3 hypothesis. Not
only the interaction between agents but also the characteristics to which these agents are
subjected interfere with the efficiency of the market and its dynamics over time.

Our findings indicate, from a general perspective, that the environment of the agents (market
characteristics) influences their decision-making processes over time. Such characteristics are
both variants over time, such as cycles and economic shocks, as well as invariants (or with low
variation) over time, such as the economic and institutional environment.

5. Final thoughts

The main objective of this paper was identifying the effect of macroeconomic and
institutional characteristics in market efficiency, considering an AMH framework and using
multilevel modeling. Considering the results, we identified (1) increase in abnormal returns in
periods of expansion are associated with increased inefficiency (convergent with Lo, 2005),
indicating that a country’s growth can lead to the relaxation of investors in the face of losses



due to non-optimal decisions (increased inefficiency); and (2) greater legal certainty is
associated with a lower degree of relative inefficiency, which may accredit legal certainty as
indicative of the degree of development of capital markets.

Our results strengthen AMH as it shows that not only agents are adaptive “animals”, as
they are capable of adapting to the environment they are in. Additionally, consistent with
previous works, we identified the cyclical behavior of different markets in time, and possible
shocks can be related with variations of market efficiency in time.

Our choice to analyze 50 countries has limited our work on two aspects: period (shorter
than that used by other studies) and restriction of economic and institutional environment
metrics (restricted to available data of each country). We also highlight the impossibility of
generalizing the results to time windows different from those used by us for the calculation of
the Hurst moving averages (500- and 1,250-day), nor the direct comparison with studies that
chose another period.

Considering that AMH is a relatively new concept (2005), there is much to be done on this
subject. Future research may (1) test other time windows, (2) use longer periods of time,
(3) control relationships by other variables (associated with national cultures and agent
profile) or (4) analyze the interaction of agents over time, since the AMH is still a theory under
construction (Lo, 2005). In addition, we can observe how markets react in a pandemic shock
(COVID-19 context), with economic and financial consequences, considering two grater
points: How government actions affect the size of agents in financial markets, and how these
agents act after a big shock. For those events, more research is needed on other markets,
in addition to how they adapt to new scenarios based in AMH framework.
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