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Abstract:  
Background: This study explores whether the Ibovespa (IBOV), the main benchmark index of the Brazilian capital 

market, adheres to the Random Walk theory, thereby aligning with the Weak Form of the Efficient Market 

Hypothesis (EMH) as posited by Fama [1], [2]. This investigation is crucial given the prominence of the IBOV in 

reflecting the financial dynamics within Brazil. 

Materials and Methods: Utilizing secondary data collected from the Economatica database, this study 

encompasses a comprehensive time series from the index's inauguration on December 29, 1967, to May 25, 2018. 

The data underwent analysis using the Augmented Dickey-Fuller (ADF) test, a robust method for detecting unit 

roots, which signifies non-stationarity in a time series, therefore indicating the presence or absence of a random 

walk. 

Results: The findings clearly demonstrate that the IBOV does not exhibit a random walk, evidenced by its 

stationary series. This stationary nature suggests that the index prices are not purely random but may contain 

predictable components, potentially allowing for the prediction of future movements based on historical data. 

This contradicts the Weak Form EMH, which asserts that asset prices fully reflect all historical market 

information, making them inherently unpredictable. 

Conclusion: By establishing that the IBOV does not follow a random walk, this study contributes significant 

insights into the market dynamics of the Brazilian capital market, suggesting potential inefficiencies that could be 

exploited for superior returns. The implications of these findings are profound, providing a basis for investors to 

consider strategies that leverage historical data predictively, challenging the conventional wisdom of the EMH 

in its weak form. Moreover, it underscores the necessity for continued rigorous analysis and adaptive strategies 

in financial market investments. 

KeyWord: Efficient Market Hypothesis; Random Walk; Ibovespa; Augmented Dickey-Fuller Test; Market 

Efficiency. 
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I. Introduction 
Studies on the behavior of asset prices in the capital markets are not new. For instance, [3] formulated 

one of the earliest accounts of the so-called random walk model applied to finance. He used it to describe the 

dynamics of the stock market and to price a European call option. He modeled price evolution by assuming that 

returns change by one unit at each time step, with a probability p of rising and 1 – p of falling, representing two 

possible events – a binomial process – which is the simplest form of a random walk. This demonstrates that the 

distribution of the resulting process, after many steps, tends toward a Gaussian distribution. The behavior at the 

limit is often referred to as the diffusion limit, and the result obtained is merely a consequence of the central limit 

theorem. This forms the genesis of the concept of market informational efficiency. 

It's worth noting the work of [4], one of the main pioneers in empirical studies that would later be known 

as the efficient market hypothesis. He analyzed published tests on the ability of experts to outperform the market, 

examining 7,500 recommendations made between 1928 and 1932. He concluded that, on average, strictly 

following these recommendations led to an annual performance that was 1.4% worse than the market. Thus, he 

found no significant statistical evidence that top-performing analysts could beat the market using their skills. 

Thus, it can be understood that [3] was the theoretical precursor and [4] the empirical precursor to the 

efficient market hypothesis, one of the classic issues in modern finance theory. 

However, it was only later that methodological advancements were made in analyzing the random walk 

in different financial transaction contexts. Notably, the article by [5] studied an alternative to Bachelier's Gaussian 

random walk, proposing the use of the Pareto distribution. Years later, Fama himself formulated the classic 

"Efficient Market Hypothesis" (EMH), outlining it in three possible forms: a) weak form, where the current return 

on stock prices incorporates all existing historical information, implying a random walk; b) semi-strong form, 

where the current return on stock prices incorporates all existing public information in a market, including 
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historical data; c) strong form, where the current return on stock prices incorporates all historical, all public, and 

all non-public information related to the asset, such as insider Information. 

Later, revisiting his original work, Fama [2] suggested some changes to the terminology used for the 

forms of informational efficiency. The weak form was renamed "predictability of returns study," the semi-strong 

form was characterized as an "event study," and the strong form became known as "private information tests. 

In this context, one of the most spirited debates among finance scholars, policy makers, and market 

practitioners is whether stock exchanges are efficient or not. This paper focuses on the weak form of the Efficient 

Market Hypothesis (EMH), specifically whether stock prices follow a random walk, implying that any shocks to 

stock prices are permanent and future stock values cannot be predicted using historical data. This also suggests 

that price volatility will increase indefinitely over time. However, if stock prices follow a mean-reverting 

(stationary) process, a shock in price behavior will be temporary, allowing price levels to eventually return to their 

trend path. This enables investors to predict future stock prices and potentially achieve returns that exceed the 

market average. 

Thus, the question arose whether the Ibovespa follows a random walk. If confirmed, this would indicate 

weak efficiency in the primary benchmark index of the Brazilian capital market. The goal set was to: 

• Test the EMH in its weak form on the Ibovespa index. 

There are two motivations for this study. The first concerns the importance of the topic within the theory of 

finance. The second is to contribute robustly to the national empirical literature on the subject, as our time series 

spans from the index's inception to mid-2018. 

The remainder of the paper is organized as follows: Section 2 provides a brief overview of the Efficient Market 

Hypothesis (EMH). Section 3 describes the data and methods used, followed by Section 4, which presents the 

empirical findings. Finally, Section 5 concludes with some final thoughts. 

 

II. Literature Review 
In the context of modern finance theory, the Efficient Market Hypothesis (EMH) was first introduced by 

Fama in [1]. It suggests that investors cannot consistently achieve statistically significant abnormal gains—

essentially, they cannot "beat the market" to earn returns that exceed the adjusted risks. 

Another explanation for EMH is that it's impractical to find a stock value that would enable "beating the 

market" because future prices cannot be predicted based on historical information. This includes: 

• Weak form, where predictability of returns from historical data is impossible, suggesting that stock prices 

follow a random walk. This can be tested through unit root tests. 

• Semi-strong form, where no investor can achieve abnormal returns using past information or any other 

publicly available information, as any new data is quickly reflected in asset prices. This can be examined 

through event studies. 

• Strong form, where no investor can achieve abnormal returns using any information—past, present, public, 

or private—meaning even confidential/privileged information does not provide an advantage. This can be 

assessed through tests of private information. 

According to Fama [2], the EMH model assumes certain conditions as true, such as no transaction costs, 

information being freely available to all interested parties at no cost, and homogeneous expectations—agreement 

among stakeholders about the current and potential future price of assets. While these assumptions are sufficient, 

they are not entirely necessary to validate information efficiency in the market. 

The Random Walk Hypothesis (RWH) suggests that stock market prices move unpredictably, rendering 

attempts to forecast future price movements based on historical information futile. Originating from the studies 

of Bachelier in [3], RWH was later popularized by scholars like Fama (1965), who argued that if markets are 

efficient and information flows freely, then asset prices already reflect all available information. 

This theory is based on the premise that markets are efficient and that all participants have access to the 

same information. According to Fama [6], there are three forms of market efficiency: weak, semi-strong, and 

strong, each implying a different level of asset price predictability. The Random Walk Hypothesis is most closely 

associated with the weak form of market efficiency, where it is assumed that future asset prices cannot be predicted 

using historical price information. 

Empirical studies provide mixed evidence regarding RWH. Lo and MacKinlay [7] found evidence 

contradicting the Random Walk Hypothesis, suggesting that stock prices do show some predictability based on 

historical price patterns. Conversely, Malkiel [8] supports the hypothesis, arguing that despite some market 

anomalies, the Random Walk Hypothesis still provides a good approximation of long-term asset price behavior. 

If RWH holds true, then the most suitable investment strategy would be diversification and adopting a 

passive investment approach, such as buying index funds that replicate the performance of a broad market. This 

is supported by the difficulty of consistently outperforming the market through stock selection or market timing 

[9]. 
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III. Material And Methods 
Secondary data related to the historical daily quotes of the primary benchmark index for the Brazilian 

capital market, the Ibovespa (IBOV), were used. This data was collected from the Economatica database. The 

time series employed is a factor that supports the robustness of the study, as it begins on the index's inauguration 

date (December 29, 1967) and extends up to May 25, 2018, the date the data was collected. 

The data series was organized using Microsoft Excel and analyzed with the statistical software Stata 12. 

Historical daily quotes were grouped and organized by day of the week, from Monday to Friday. Subsequently, 

daily returns were calculated using Equation 1. 

𝑅𝑇 =  𝑙𝑛 (
Í𝑁𝐷𝐼𝐶𝐸𝐸𝑇

Í𝑁𝐷𝐼𝐶𝐸𝑇−1
) − 1                                            (1) 

Where: 𝑅𝑡 is the return of the index on day 𝑡t; ln represents the natural logarithm; and t is the day of the 

week. The Ibovespa Index is the main indicator of average performance for stocks in the Brazilian capital market. 

It is comprised of the major assets traded in Brazil and is expressed by Equation 2. 

𝐼𝑏𝑜𝑣𝑒𝑠𝑝𝑎 =  ∑ 𝐼𝑁𝑖,𝑡
𝑛
𝑖=1 ∗ 𝑃𝑖𝑡                                             (2) 

Where: 𝑛n is the number of stocks in the Ibovespa portfolio; the weight √
𝑑

𝐷
 ∗  

𝑣

𝑉
   is a liquidity index, 

where d is the number of transactions conducted with the stock in the last year, D is the total number of transactions 

in the market last year, v is the value traded of the stock last year, V is the total trading volume in the market last 

year; P is the last price of stock 𝑖 on date t. 

To test for informational efficiency in its weak form—that is, to determine whether past information 

cannot predict returns and if prices follow a random walk—unit root tests should be used. In this study, the 

Augmented Dickey-Fuller (ADF) test was applied. 

According to Gujarati [10], in time series econometrics, there is a type of trend known as a stochastic 

trend. This includes the random walk model, which assumes that the variable 𝑌 follows a stochastic process where 

its value today equals its value from yesterday plus a white noise process with zero mean and variance 𝜎2. 

The random walk is a special case of an AR(1) model, where the autoregressive coefficient Φ is equal to 

one. The following Equation 3 illustrates the random walk. 

𝛾𝑡  = 𝛾0 + ∑ 𝜀𝑖
𝑡
𝑖=0                        (3) 

In the AR(1) process, 𝛾𝑡  = ∅𝛾𝑡−1 + 𝜀𝑡  with | ∅ | < 1, where 𝛾𝑡  = ∑ ∅𝑖𝜀𝑖
∞
𝑖=0 . Here, the effect of a shock 

in 𝜖𝑖 on the sequence {𝑌𝑡} gradually diminishes over time. As | ∅ | < 1, ∅ decreases as 𝑖 increases, that is, as time 

passes. Conversely, in a random walk, a shock in 𝜖𝑖 permanently affects 𝑌𝑡, meaning its impact does not diminish 

over time. 

In summary, the unit root test is a procedure used for analyzing processes that may be characterized by 

the presence of a random walk, as shown in the following Equation 4. 

𝛾𝑡  = 𝛾𝑡−1 + 𝜀𝑡                                 (4) 

Where 𝜖𝑖 represents the stochastic error with zero mean, constant variance 𝜎2, and no autocorrelation. 

Equation 4 illustrates a first-order AR(1) regression, as the value of 𝑌 at time 𝑡 is regressed against its 

value at time 𝑡−1. If the coefficient of Yt+1  equals 1, the process is characterized by having a unit root, indicating 

that the series is non-stationary. 

Finally, when the coefficient in Equation 4 has at least one unit root, the series is characterized by 

exhibiting a random walk, meaning it is non-stationary. 

Specifically, the process used in this study to determine the presence or absence of a unit root in the 

series under analysis was the Augmented Dickey-Fuller (ADF) test. The model considered is represented in the 

following Equation 5. 

𝛾𝑡  = 𝜌. 𝛾𝑡−1 + 𝜀𝑡                                 (5) 

Where: ϵ is white noise. We test H0: 𝜌 = 1 against Ha: 𝜌 < 1. If | 𝜌 | < 1, 𝛾𝑡 is stationary and described as 

an AR(1) process. If 𝜌 = 1, 𝛾𝑡 is non-stationary and described as a random walk model. It is important to note that 

this model assumes the presence of a trend, but without an intercept. 

When considering the model with an intercept, the following Equation 6 applies. 

𝛾𝑡  = 𝛼 + 𝜌. 𝛾𝑡−1 + 𝜀𝑡                                                            (6) 

When considering the model with both an intercept and a trend, the following Equation 7 applies. 

𝛾𝑡  = 𝛼 + 𝛽𝑡 + 𝜌. 𝛾𝑡−1 + 𝜀𝑡                   (7) 

The Augmented Dickey-Fuller (ADF) test aims to test for the presence of a unit root in 𝛾𝑡 in Equations        

(5), (6), and (7), under the assumption that there is no autocorrelation in the residuals. 

When 𝛾𝑡 is subtracted from the three previously described equations, the resulting new Equations are 

(8), (9), and (10). 

∆𝛾𝑡  = 𝛾𝑌𝑡−1 + 𝜀𝑡                    (8) 

∆𝛾𝑡  = 𝛼 + 𝛾𝑌𝑡−1 + 𝜀𝑡                                 (9) 

∆𝛾𝑡  = 𝛼 + 𝛽𝑡 + 𝛾𝑌𝑡−1 + 𝜀𝑡               (10) 
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Where 𝛾 = 𝜌 – 1. Thus, testing the hypothesis that 𝜌 – 1 is equivalent to testing the hypothesis that 𝛾 = 0, 

against the alternative hypothesis that 𝛾 < 1. For this purpose, ordinary least squares regression is used. 

Finally, the Augmented Dickey-Fuller (ADF) test assumes the following hypotheses: 

• 𝐻0H0: There is at least one unit root within the unit circle (non-stationarity – random walk); 

• 𝐻𝑎Ha: There are no unit roots within the unit circle (stationarity – mean-reverting process, prices will evolve 

back to the trend path). 

In other words, if H0 is not rejected, it confirms the Efficient Market Hypothesis (EMH) in its weak 

form—prices following a random walk—and the impossibility of achieving returns that exceed the risks based on 

past information. If H0 is rejected, it refutes the EMH in its weak form, suggesting that investors may predict 

future stock values, and opens the possibility of achieving returns that exceed the incurred risks. 

It is important to note that before the actual application of the ADF test, it was necessary to determine 

the number of lags in the series, which was done using the Akaike Information Criterion (AIC). 

 

IV. Result 
To investigate the stationary nature of the time series for the Bovespa Index (IBOV), a rigorous 

methodological approach was initially adopted, starting with the application of the Akaike Information Criterion 

(AIC) to determine the optimal number of lags to include in the analysis. This preliminary step is crucial to ensure 

the accuracy of subsequent unit root tests, as an inadequate number of lags can lead to distorted results. Table 1 

provides a concise summary of the results obtained through the AIC, highlighting not only the data period 

analyzed, which spans from December 29, 1967, to May 25, 2018, but also the specific number of observations 

(12,416) and the optimal number of lags identified (4). 

 

Table 1: Summary of AIC Results. 
Index Abbreviation Data Period Number of Observations Lags 

Ibovespa Index IBOV 
29/12/1967 to 

25/05/2018 
12416 4 

 

Following this, the Augmented Dickey-Fuller (ADF) test was applied using the previously determined 

number of lags. The ADF test is widely recognized for its effectiveness in detecting unit roots, thus providing a 

robust assessment of the stationarity of time series. Table 2 illustrates the detailed results of the ADF test, where 

a p-value significantly less than 1% is observed, indicating strong evidence against the null hypothesis of a unit 

root presence in the IBOV. 

 

Table 2: ADF Test Reasults. 

Index 

MacKinnon 

approximate        

p-value for Z(t) 

Test Statistic 

1% 

Critical 

Value 

5% 

Critical 

Value 

10% 

Critical 

Value 

Decision 

on H0 
Classification 

IBOV <0.001 -12.403 -3.960 -3.410 -3.120 

Reject 

H0 at 

10% 

Against Weak 

Form EMH 

 

Regarding the Ibovespa Index (IBOV), the results of the ADF test indicated a rejection of the null 

hypothesis with a p-value below 1%. The test's T-statistic (-12.403) also supports the rejection of H0 across all 

critical values: 1% (-3.960), 5% (-3.410), and 10% (-3.120). Therefore, there are no roots within the unit circle, 

indicating that the series is stationary. This result is unfavorable to the weak form of the Efficient Market 

Hypothesis (EMH), suggesting that the IBOV does not follow a random walk and that there is potential for 

predicting asset prices based on past information. 

The detailed analysis of the results from the Augmented Dickey-Fuller (ADF) test for the Ibovespa Index 

reveals significant insights into the nature of asset prices in the Brazilian stock market. With a p-value notably 

below 1%, the statistical evidence robustly counters the null hypothesis of a unit root in the IBOV time series. 

This finding is reinforced by the T-statistic, which registered at -12.403, far exceeding the critical values for the 

confidence levels of 1% (-3.960), 5% (-3.410), and 10% (-3.120). Such a magnitude of the T-statistic not only 

rejects the null hypothesis of non-stationarity with extraordinary confidence but also signals strong evidence of 

stationarity in the analyzed time series. 

The absence of roots within the unit circle is a technical indicator that the time series is stationary. 

Practically, this means that the IBOV time series displays a constant mean and variance over time, unaffected by 

long-term dependencies or persistent trends. This is a significant finding as it directly contradicts the expectations 

of the Weak Form EMH, which posits that financial asset prices reflect all historical information and, therefore, 

follow a random walk pattern, making it impossible to predict future price movements based on past data. 
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The fact that the results indicate the IBOV does not follow a random walk has profound implications for 

investors and market analysts. It suggests that, contrary to the Weak Form of the Efficient Market Hypothesis 

(EMH), there may be patterns or trends in the historical data of the IBOV that can be exploited to predict future 

price movements. This opens the possibility for investment strategies based on technical analysis or predictive 

models to seek returns above the market average. However, it is important to note that while the IBOV time series 

was found to be stationary and thus potentially predictable, this does not necessarily mean that forecasting will be 

easy or always successful, given the complexity of financial markets and the influence of numerous external 

factors on asset prices. 

Moreover, this result, which is unfavorable to the Weak Form EMH, calls for a reevaluation of 

investment strategies and asset valuation models used by market participants. Specifically, portfolio managers 

may consider integrating technical analysis methods and advanced econometric models into their investment 

decisions to capitalize on the identified market inefficiencies. 

In summary, the findings from the ADF test applied to the IBOV offer a new perspective on the dynamics 

of the Brazilian stock market, challenging the conventional notion of market efficiency in its most basic form and 

suggesting the existence of opportunities for informed investment strategies. However, the practical application 

of these findings requires caution, a deep understanding of market mechanisms, and a careful assessment of the 

risks involved. 

 

V. Discussion 
With the aim of investigating whether the Ibovespa follows a random walk, this study set out to test the 

Efficient Market Hypothesis (EMH) in its weak form on the main index of the Brazilian capital market. A lengthy 

time series was selected, spanning from the index's inauguration date (December 29, 1967) to May 25, 2018, when 

the data was collected. This extensive period is a positive factor for the robustness of this study's findings. 

In this study on Ibovespa and the weak form of the EMH, our results reveal a notable peculiarity in the 

dynamics of the Brazilian capital market. The analysis shows that, contrary to the expectations of the EMH, 

Ibovespa exhibits patterns that suggest the possibility of predicting returns based on historical information. This 

discovery has significant implications for investors and analysts, pointing to the importance of informed 

investment strategies and the reconsideration of market prediction models. 

Additionally, this study contributes to the academic dialogue on market efficiency, offering new 

perspectives and challenging traditional conceptions. It also highlights the importance of considering specific 

market contexts in efficiency analyses, as demonstrated by the uniqueness of the Brazilian market. 

By identifying limitations in our approach, such as the temporal and methodological scope, we recognize 

the need for future research. Such studies should explore other indices and markets, as well as different analytical 

approaches, to enhance our understanding of financial market efficiency. 

We conclude by emphasizing the evolving dynamics of the capital market. This study underscores the 

importance of adapting investment strategies in light of new evidence, encouraging a proactive and informed 

stance by investors. Ultimately, our research reiterates the value of continuous questioning and rigorous 

investigation to successfully navigate the complex environment of financial markets. 

The results showed that Ibovespa does not follow a random walk—it is stationary. This is evidence 

contrary to the weak form of the EMH as proposed by Fama [1], [2]. This indicates that investors can potentially 

estimate the price of a specific asset within the index to achieve returns that exceed the risks incurred (abnormal 

returns). 

Lastly, it is worth noting that shocks to the stock prices in the Ibovespa index follow a mean-reversion 

process, meaning that a shock to the price behavior will be temporary and will revert to the trend path over time. 

Future research might consider replicating the method used in this study on other indices of the Brazilian 

capital market 

 

VI. Conclusion 

This study critically examined the behavior of the Ibovespa (IBOV), the primary benchmark index of the 

Brazilian capital market, to ascertain if it follows a random walk, thereby testing the validity of the Weak Form 

of the Efficient Market Hypothesis (EMH) within this context. The findings, based on the Augmented Dickey-

Fuller (ADF) test, demonstrate that the IBOV does not follow a random walk and presents a stationary time series. 

This is a significant departure from the expectations set by the Weak Form EMH, which suggests that stock prices 

are unpredictable and reflect all past market information. 

The evidence of stationarity within the IBOV suggests that historical price data might contain valuable 

predictive elements that could be exploited by market participants. This revelation not only challenges the 

foundational assumptions of the EMH regarding market efficiency but also highlights potential areas for 

investment strategies that capitalize on patterns and trends discernible in historical data. This could fundamentally 
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alter the approach investors take in the Brazilian market, advocating for a more nuanced application of technical 

analysis and econometric modeling in investment decision-making. 

Moreover, the findings of this study contribute to the broader discourse on market efficiency, particularly 

in emerging markets like Brazil, where market dynamics may differ significantly from more developed markets. 

The unique characteristics of the Brazilian market—such as its regulatory environment, economic volatility, and 

the behavior of market participants—underscore the need for a localized understanding of financial market 

efficiency. 

In light of these findings, it is recommended that investors consider incorporating tools that can analyze 

and exploit patterns found in historical data. Additionally, policymakers and regulatory bodies should take these 

insights into account when considering regulations that affect market transparency and investor behavior. 

Future research should expand on these findings by applying similar methodologies to other indices and 

financial markets to either corroborate or challenge our findings. Moreover, longitudinal studies that can track 

these behaviors over successive market cycles would provide deeper insights into the temporal stability of these 

patterns. 

In conclusion, while this study indicates that the IBOV does not adhere to the random walk hypothesis, 

it opens up broader questions about the efficiency of markets and the potential for predictive strategies that go 

beyond traditional market theories. Such findings enrich our understanding of market dynamics and can lead to 

more effective and informed investment strategies, ultimately contributing to more robust and resilient financial 

markets. 
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