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Abstract: Efficient market hypothesis means that the future price of securities are unpredictable with respect to 

the current available information. The gist of this research is to test market efficiency of real estate using the 

dynamics of efficient market hypothesis, as put forth by Eugene Fama (1970)
. 
In this light, the study is conducted 

to test the market efficiency of Istanbul real estate markets as to whether the market prices /returns of real 

estates are random. Thus, the study benefited from a large body of existing literature to adapt an empirical 

model known as the random walk model. To ascertain/test if the Istanbul residential real estate market prices 

are random, the study’s statistical random walk model enveloped three prominent tests; autocorrelation test, 

run test and variance ratio test. The study employed a time-series data, thus warranting for unit root testing, on 

order to regulate stationarity. The study found the data unstable and went ahead for the first difference. The 

study followed the SIC/AIC
1
 to select the lag length for the model. As it is the case with studies investigating 

market efficiency, results, especially those of emerging markets are always mixed. The results cast doubts in 

Turkey’s real estate market efficiency. The output rejects completely the null hypothesis of weak form market 

efficiency, suggesting that Istanbul Market is not efficient in its weak form. This shows that investors can make 

huge returns from real estate because they posses information of past prices that could be used to forecast 

future prices.  

Keywords:Efficient market hypothesis, Real estate market, Random walk hypothesis, and Weak form efficiency. 

 

I. Introduction 

Originally the term ‗efficient market‘ was developed for the stock market in particular. As time went 

on, the concept became generalized to other markets like that of the real estate. Efficient market hypothesis has 

been and is still an important part of finance literature. Since the mid 1970s, there has been a litany of write-ups 

regarding the real estate sector. Despite this largesse of existing literature, there are still some significant 

disparities on whether a particular market can be term efficient or inefficient.  

Market efficiency as defined by Fama (1970), indicates the total availability of information with 

respect to asset prices; this means if information reflects prices of securities it cannot be possible to ―beat the 

market‖. Fama was one of the first scholars who elaborated on the efficient market hypothesis. According to 

him, there are three forms of market efficiency; strong form efficiency, semi-strong form efficiency and weak 

form efficiency. All these forms are based on availability of information on Security prices and also, have 

different level of efficiency with different measures to evaluate it. Weak-form efficient market hypothesis shows 

that security prices tend to follow a random walk. With this form information is based on historical prices. The 

focus of this research is to detect if the market for real estate is efficient. According to Ananzeh (2014) markets 

are efficient but the developed areas are termed more efficient than developing areas because they are 

characterized by high transaction costs and low liquidity problems. Also, the absence of satisfactory data in a 

suitable form can make the test for strong and semi-strong type of efficiency to be rare in an emerging market. 

Consequently the less developed and developing markets seems to be suitable only for weak-form efficiency 

test. Therefore weak form type of efficient market hypothesis will be carried out in this research using Istanbul 

residential real estate data as evidence.  

Market efficiency is of interest to public and also of importance to economists. It is one of the most 

energetic sectors that contribute to the wealth of an economy. The idea of market efficiency is important to 

investor more because it allows them to make rational decisions (Fama, 1970). If a market is efficient the only 

way they can get above average profits is by taking advantages of abnormalities when they occur.  

                                                 
1
 Akaike Information Criterion (AIC). • Schwartz Information Criterion (SIC)- 

They capture the quality of the model in suggesting the appropriate lag length to be used. Thus, they inform on 

model selection but do not taste for any hypothesis. 
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Real estate market is mostly characterized as a market with high transaction cost, asymmetric 

information, and low turnover volumes compared to other assets in the financial markets. These characteristics 

leads to strong evidence of inefficiencies arising from the real estate market, surprising they are claims that this 

market is generally efficient. Because of the nature of this market and the claims that the market is also efficient 

like the stock market, the question of efficiency for this market (real estate) is important. The origins of the test 

for the efficient markets hypothesis using data from the real estate markets started in the mid-1980s, because of 

the doubt on whether this particular market is efficient or not, a growing number of empirical studies like Gau 

(1984) found reason to test market efficiency of this property market, in this investigation he employed 

forecasting methodology and an empirically test in number of developed markets. Case and Shiller (1989), also 

saw the need to test for market efficiency using real estate as evidence. 

According to Daily Sabah (2016) Istanbul is the largest city in Turkey, with a population of 

approximately 14.6 million; this part of the country has witness a property boom in local currency terms since 

the 1990s. Because of the populated nature and the economy boom investors increasingly indicate a great 

interest in Turkish financial market.  Residential, office and commercial assets have boost real estate market in 

Turkey so much that is known as one of the most promising property markets in Europe. Thus, Turkey offers 

great entrepreneurs for real estate investor by merging a large construction sector with growing commercial and 

industrial output. According to the World Bank statistic, Turkey housing market consists of 19% of the total 

GDP. In all we can say that they have been great economic transformation in Turkey as real estate is concern. 

 

Objective of the study  

The focus of this research is first; to review the concept of efficient market hypothesis as was 

developed in the financial market. Secondly to add to the existing literature on the existence of efficiency in the 

real estate market, Lastly to carry an empirical investigation on the weak-form of efficient market hypothesis 

using Istanbul residential real estate market as evidence. 

In order to better state the purpose of this study, the critical questions are 

- Do historical prices reflect useful information for predicting future prices?  

- Is real estate market an efficient market? 

- Is Istanbul residential real estate market efficient in its weak-form? 

From the above question the following hypothesis are developed. 

 Hypothesis 1 

Null = Istanbul Residential Real Estate market follows a random walk. 

 Hypothesis 2  

Null = Istanbul Residential real estate market is efficient. 

 

II. Rev ıew Of Relevant L ıterature 
The second section explores relevant discussion and empirical literature, which is connected to this 

study. The first section, gives a detailed discussion on three forms of EMH. The second section explained the 

existing literature on market efficiency in stock market and the real estate market. The last section makes a 

critical analysis with respect to literatures discussed in the previous sections.  

 

2.1.1.  The Three forms of the efficient market hypothesis 

Considering the definition of an efficient market which is described as a situation in the market, where the 

available information reflects the nature of prices. It is thus, important to proceed to the various forms. 

According to the American economist, Eugene Fama (1970), there exist three major forms of efficient market; 

the weak, the semi strong and the strong form. The subsequent paragraphs will be dedicated the explanations 

regarding forms. 

 

I. Weak form. 
Weak form efficiency implies that there is no way investors can use technical analysis to get abnormal 

profit. Given that all security market data is incorporated in to security prices, investors cannot use only 

technical analysis to get abnormal returns. This means we cannot look at past data to predict future price 

changes of any security. The EMH in its weak form is connected with the Random walk hypothesis 

(Fama,1970). Future prices cannot be forecasted by analysing previous prices in weak form efficiency. Investors 

in such a market cannot make an excess return in the long run by using investment strategies based on historical 

share prices of other historical data. There is no pattern to asset price; technical analysis can‘t guarantee any 

abnormal returns to investors. Prices in the weak form market efficiency follow a random walk. There is huge 

literature in finance dealing with the weak form of efficiency.  
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I. Semi-strong form  
This form of EMH implies that prices in the market reflect or incorporate all public available 

information e.g. information about a company‘s earnings, money supply, announcement of dividends, Inflation 

rates, etc. it is not possible for investors to acquire abnormal profits based on fundamental analysis. In the semi-

strong form, the market‘s reaction to new important information should be instant and unbiased. Investors 

cannot anticipate before the announcement. Semi –strong form also include all past price that is considered in 

the weak form beside other information as listed above. To test the semi-strong form, the sample size is very 

important and the researcher has to measure how quick the stock prices can adjust to the information broadcast 

 

I. Strong form efficiency  

This implies that all information is absolutely incorporated in the asset price. No participant can earn 

abnormal returns by using any information be it public or private.  No profit can be made because of insider 

information. Insiders do not know how prices are going to reflect .For example in basic stocks trading, its a 

game of good or bad news. This depending on the sales report, announced  .The good news or bad news 

regarding of sales report are directly related to stock price. Basically if the sales reports are good or the profit 

reports are good in theory the share of that company should go up. But if the share prices of a company are bad 

it indicates that the share prices of that company will go down. For example, take a hypothetical example where 

the CEO of a company by name Joe sees the latest sales report and he notice that the company is doing great and 

tells his Friend Toh without announcing to the public, Toh buys the shares before news reach the market about 

the great sales report of the company. If Joe decide to announce the great sales of the company to the public and 

the share price goes up. Toh will get rich quick. In a perfect efficient market this situation cannot hold because 

investors learn information instantaneously. Nobody can earn money by using information such as the sales 

report (inside information is useless)  

 

2.1.2 Empirical evidence on market efficiency  

Behavioural finance in the last times constantly, challenged EMH with the claim that markets are not 

efficient. Behaviour finance does not support the idea shareholders are always rational as seen in the efficient 

market theory. To them, many shareholders may demonstrate irrational behaviour. Many investors react 

differently to the same peace of information and there is also a means that investors may disagree on the future 

sharing of returns. Some investors may over react or under react when face with a piece of information on stock 

prices, this is unpredictable with EMH. Nevertheless, there are some inconsistencies and behaviours that has 

remained a puzzle to behavioural finance theory (Fama, 1998). Fama (1998) indicates that so many findings by 

behavioural finance are at variance with each other; behavioural finance indicates or suggests some irregularities 

(anomalies) that can be rectified by the EMH. Malkiel (2003) points at the irrationality of investors, which 

makes the possibility of markets being efficient is very impossible. Faced with such situations, investors will 

look for means to beat the market. According to Malkiel (2003), markets are efficient if and only if there is 

significant use of vital information.  

Fama (1965) and Samuelson (1965) try to predict future price movement explaining the concept of 

efficient market as a market with rational profit- maximization characteristic, information here is available to 

user. Fama (1970, 1991) established efficient market hypothesis, which is now use and accepted by many 

researcher to test different empirical examples. In any case, article that confirms the hypothesis there are 

alternatives that invalidates it. 

In 1991 Fama revised his work about the weak form hypothesis. He covered more broad areas instead 

of testing the past returns. The newly revised weak form was conducted as a ―test for return predictability‖ 

which also included expanding on predicting return with variables like dividend yields and interest rates.  22 

Research on EMH of emerging markets also has mix results. E.g Cheung and Coutts (2001), 

Abrosimoval El al (2002) finds evidence in favour on the weak form of efficient market. But contrary Lee et al 

(2001), Smith et al (2002), Nisar and Hanif (2012) observed predictability of stock prices (mostly weak form 

test). However depending on data results can be contradictory. Mxim el (2013) discover a mixes result as they 

divide data among two time periods, that is the year 2009 to 2010 & the year 2011 to 2012.This was to compare 

the efficiency of the market before and after the market crash of December 2012. They have the results are 

interesting after using the runt test .2009 to 2010 demonstrate that returns were not random but surprisingly 

2011to 2012 indicate a positive random walk. Gary Shea (2012) test weak form market efficiency of developing 

market using the Kolmgorov-Smirnov Goodness of Fit test, Autocorrelation test, Run test, Unit root test, 

variance ration analysis and Granger c causality indicator. He asserts that, in transitional periods, markets could 

be weakly efficient. Thus, strongly support the market efficiency. 

A good number of modern study in the stock market support the hypothesis of a random walk for 

example Nisar and Hanif (2012)  and Niemczak & G. Smith (2012) suggest  after their empirical investigations 

that markets are efficient but some other factors like price cycles and the nature of the goods in the market can 
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affect the market efficiency not necessarily information,  but study  like that  Fama (1991) and Sewell,2011) saw 

information as the major factor responsible for market efficiency. 

Sewell (2011) investigates the history of efficient market and half of his studied support market 

efficiency.  Most of the attacks on the efficient market hypothesis were coming from the 1980s and 1990s. 

According to him EMH strongly true in spirit. Financial economics identify three separate but interconnected 

types of efficiencies: informational, allocation and operational. Here efficiency is based on informational 

efficiency that is, how efficient is the market (real estate market) as far as information is concerned? Grossman 

and Stiglitz (1980) demonstrate that for a market to be totally efficient there must be no costs linked with 

obtaining information or carrying out trades. Jensen (1978), Fama(1991) suggest a more practical definition. 

Fama(1991), suggests that in an efficient market ―prices reflect available formation in such a way that the 

marginal benefits of acting on information (profits to be made) cannot exceed the marginal costs‖ he goes 

further to say that the concept of efficient markets is an application of a zero profits theorem that has been well 

recognized in economics. The number of theories supporting EMH increased after World War II. Time series of 

22 stocks was analyzed by M.G.Kendall in 1953 he stated that stock earnings are random. This result was a 

surprise to some economies at that time. Later on H. Roberts, A. Larson confirmed that markets are in deed 

efficient (Sewell, 2011). 

It is important for real estate investors, mortgage bankers, homeowners to understand this concept of 

efficiency as the housing markets is concern. They also need to know the implications of market inefficiency. 

There is a good number of studies demonstrating efficiency or inefficient of the market for stock when compare 

to the real estate market. Be it stock or property market the hypothesis of market efficiency is generally not 

rejected (Fama, 1970).  

Hamilton & Schwab (1985) were one of the earliest researches to test efficiency in the real estate 

market. Their test was base on the degree to which household in the market reacts to changes in the market. The 

researches use a cross sectional model to explained the weak –form efficiency in the housing market. Data used 

was form 49 metropolitan areas of the USA Their findings shows that household systematically make mistakes 

to include past increase information into their expected future home prices this made them to conclude that 

housing markets are inefficient. 

Few years later another Case and Shiller (1989) carried out a test on efficiency or inefficiency of the 

housing market. Using data form U.S they choose single-family houses of four societies in USA. They also 

applied statistical methodology of the RWH  in  investigating single –family residential prices. This study shows 

advancement in its evaluation of the market when compared to that of analysis of Gau (1984,1985) who tested 

the weak form efficiency of residential markets using Canada as evidence and reported that Canadian income 

generating residential markets are efficient. Case and Shiller results did not confirm the presence of  weak form 

efficiency for housing markets this was  contrary to the study of Gau (1984,1985) and Linneman (1986). By 

applying exchange tactics to further proof the absence of the weak form efficiency for US single-family homes 

Case and Shiller (1989) highlight uncertainties as proof of whether or not housing markets are efficient. In 1996 

Kuo use econometrical and statistical methods to supports the result of Case and Shiller (1989). Kuo(1996) 

confirm that the market for real estate does not follow a random walk and  indicated that efficient market 

estimates are sensitive to different approximation techniques.   

Gau (1984) assess the weak form efficiency using data for Vancouver residential and commercial 

market from the period of 1971 to 1980. He construct monthly price and return series for the property and then 

test series for weak form efficiency. Gau finding indicated that there are some statistically significant 

relationships among the monthly series, not forgetting that the relationships are not sufficient enough to generate 

perfect price forecasts. Gau paper is among the minority which found any evidence of market efficient 

.Gau(1985) reused his data of 1984 and conducted an empirical test of the semi-strong form of efficiency still of 

Vancouver real estate market .He tested the speed at which a number of publicly  available informational factors 

were exploited into real estate value. The results indicated that they is no significant indication of abnormal 

returns related to changes in public informational variables, thus his findings acknowledge that property markets 

are in deed efficient (Gau,1985.p.26) 

Schindler (2010) investigated on the efficient market hypothesis of monthly return of twelve 

(Argentina, Austria, Finland, Hong Kong, Italy, Malaysia, New Zealand, the Philippines Portugal Singapore and 

South Africa) emerging real estate stock markets and four developed market (AUS, JPN, UK, and US) for the 

period 1992 to 2009 using monthly data. To test for weak form, random walk model was effectuated, the study 

implore a parametric tests established on autocorrelation and variance ratios and also non-parametric test that is 

run test for market efficiency in accordance with the RWM. Contrary to the result form the developed real estate 

market by Schindler et al (2009) the result did not reject the weak-form of efficient market hypothesis for the 

following emerging real estate markets, Asia Pacific, Argentinian and the South African markets.  The research 

conclusion was that for a piratical viewpoint there is no final response to the questions of market efficiency in 

emerging securitized real estate market.  
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Yakie (2016) in his paper use statistical method to investigate the efficiency of residential real estate 

market for China. His result indicates that housing prices cannot adjust to new information immediately, using 

autocorrelation and Fisher –type unit toot test based on Augmented Dickey –fuller test he concluded that the 

market do not observe the weak –form efficiency. 

 

2.2 Analysis /Discussion  

After reviewing literature, the Evidence that is portrayed in literature is mixed. Some studies generally 

support that market are indeed efficient while others do not support the existence of market efficiency. Majority 

of the studies assessing the real estate efficiency defines their studies based on different segment of the real 

estate (residential or commercial). Literature examination on efficiency or inefficiency above borrows from the 

idea of Fama (1970) to be able to investigate any form of EMH be it weak, semi-strong or strong form. We can 

see that more than half of the studies is done in the developed area little have been done to investigate efficient 

or inefficiency in the emerging real estate market not to talk of the developing markets 

 

III. Data And Methodology 
This study uses monthly sales price index of Istanbul residential (Europe side) real estate market from 

the period 01/01/ 2003 to 01/01/2017. The monthly price indictor is collected form Real Estate Investment 

Development Information Network (REIDIN)
2
 database. Data is a time series data and contain 169 periods; 

many period are necessary for our time series analysis.  

The monthly price index of Istanbul residential property is used to generate the monthly returns for this market 

as seen below. 

Rt=log(Pt)–log(Pt-1)=log(Pt/Pt-1)                                                                                                                                                              

(1) 

Where Pt and Pt-1 stands for housing prices at time t and t-1. 

Rt, is returns 

As demonstrated in equation (1), the profits or returns are measured by taking the log (natural) of the present 

prices, minus the previous prices. Prices here denote housing prices 

Randomness, translates efficiency, and to test for this efficiency in the residential real estate sector in Istanbul 

(the European side), we are going to follow the existing literature to adapt the random walk model, as her 

empirical methodology. Contemporary studies that support the random walk theory for example, include: Nisar 

and Hanif (2012), Niemezak and Smith (2012).  

To detect or test randomness (Random Walk), of residential real estate market prices, there is a statistical 

process or steps as prescribed by Niemezak and Smith (2012).  In our situation, both parametric and non-

parametric methods / technique are employed to test randomness of a time series analysis. The study uses a time 

series data and as a common assumption, the data has to be stationary, in situation of non-stationarity, we 

proceed to calculating the first differencing (time-to-time periods). All this effectuated under a unit root testing. 

After this preliminary examination, the data is ready and set for analysis; the first step of the random walk 

package is to investigate or test for autocorrelation (serial correlation) coefficient test, the second is run testing 

and the last stage is variance ratio testing. The first stage, which tests for autocorrelation, captures the 

randomness of returns in the housing market, the second stage tracks and explains the concept of independence 

of returns. The last stage, which is variance ratio testing, investigates if returns are predictable or random 

 

3.1 Autocorrelation tests (Serial Correlation) 

The first step is to test the random walk model of housing index. As noted above, autocorrelation measures the 

independence of price changes and it is a test to investigate the null hypothesis of a random walk (Fama, 1970). 

To test for market efficiency there is need for a time series rates of return. That is to say the relationship 

between the residential return at present moment (period) and its value in the past period is thus: 

PK=

 (𝑟𝑡    −𝑟 )(𝑟𝑡  +𝑘          −𝑟  )    𝑁−𝑘
𝑡=1

 (𝑟𝑡   − 𝑟)   2𝑁
𝑡=1

                                         (2) 

 

 PK    indicates serial correlation coefficient of housing returns of lag k; N -number of periods or observation, rt – 

returns for period t, rt-k -housing returns for period t-k ,𝑟  -the sample mean of housing returns and k is the lag of 

the period.  

Autocorrelation (serial correlation) test is preoccupied to ascertain if the serial correlation coefficients are 

significantly different from naught (zero).  We thus, reject the hypothesis if housing prices, that is prices 

                                                 
2
 REIDIN is an important real estate information company focusing on emerging markets. 
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changes are serially correlated, where PK  is different from naught (zero). The Ljung-Box portmanteau statistic 

(Q) becomes relevant for joint hypothesis testing, when all the autocorrelations are zero. 

QLB= N (N+2) 
𝑝𝑗

2

𝑁−𝑗

𝑘
𝑗=1             (3)    

Pj - j
th

 autocorrelation ,N - observation number 

In the null hypothesis of zero autocorrelation at the first k autocorrelations (p1 =p2= p3=p4…= pk = 0. The Q –

statistics is measured as chi-squared with levels of freedom equivalent to the number of autocorrelations (k) 

 

3.2. Run testing 

This is a test for independence, in our case, focus is on if price variations are independent within time 

or nor. As a non-parametric test, it suggests that if a series exhibits randomness, the expected as well as the 

observed number of runs should be close. We can thus regard ―run testing‘ as a progression of repeated 

variations of prices, with the same sign. In this light, we thus categorise runs in three ways; increasing run 

(upward), decreasing run (downward) and constant run (flattened). This fits in the explanations of either prices 

are going up, reverse or are fixed and do not change. The null hypothesis of independence in our case-housing 

price variations, the anticipated (expected) number of runs (M) could be estimated as thus; 

 

M=
𝑁 𝑁+1 −  𝑛𝑖

23
𝑖=1  

𝑁
                                                                       (4) 

N – sum of observations (price changes) ,ni - of price changes in each class  𝑁 =  𝑛𝑖
23

𝑖=1  . 
For large sum of observations where N> 30. The sampling distribution of m is nearly normal and the standard 

error of m(𝜎𝑚 ) is denoted as seen in equation (5) 

𝜎𝑚 ) = {
 𝑛𝑖

2  [ 𝑛𝑖
2+𝑁(𝑁+1)]−2𝑁  𝑛𝑙

3 −𝑁33
𝑖

3
𝑙=1

3
𝑙=1

𝑁2  (𝑁−1)
}½                            (5) 

The Z-statistics (standard normal) is used to test if the real number of runs is consistent with the hypothesis of 

independence; 

Z = (R ± 0.5 – m) /𝜎𝑚                                                                (6) 

R – real (actual) number of runs, m -  expected number of runs 0.5 is the continuity adjustment   

Where the sign of the continuity change is -ve (-0.5) if R ≥ m, or +ve, when R is too small or too large. In cases 

where R remains too small or large, it implies there is proof of dependence within the housing returns. Such a 

test is referred to as a two-tailed test. If on the other hand, the expected number of runs stands to be different 

from the observed, it therefore suggest the market reactions regarding information asymmetry could lead to 

instances of abnormal or excess returns (Nisar & Hanif, 2012). 

 

3.3 Variance test  

There are some studies, which use unit root testing for market efficiency. Following Schinder (2010), 

such studies that employ unit root testing and serial correlation always suffer from biased results, emanating or 

coming from non-harmonized (non-synchronized) and irregular trading. To rectify these irregularities, the 

variance ratio test stands ideal as proposed by Lo and MacKinlay (1988). The first hypothesis (null) assumes 

linearity Lo and MacKinlay (1988) in the sample interval. That is to say, if a series follows a random walk 

process, her variance of its q difference will definitely be q times the variance of the first difference 

Var (pt- pt-q)= qVar (pt – pt-1)                                                                                       (7) 

 We term q as any positive integer, The variance ratio (VR(q) )  is given by  : 

VR (q)= 

1

𝑞
 Var ( 𝑝𝑡  −𝑝𝑡−𝑞  )         

Var ( 𝑝𝑡  −𝑝𝑡−1)         
 =  

𝜎2(𝑞)

𝜎2(1)
                                                                             (8) 

 Assuming a series of nq+ 1 price observations (P0,P2,P3,P4,……,Pnq) measured at similar interval is observed . If 

the random walk is respected, the variance of the q
th

 difference will agree to q times the variance of first 

differences. The formals for 𝜎2 𝑞  and 𝜎2 1  are given by      

 𝜎2 𝑞  = 
 (
𝑛𝑞
𝑙=𝑞  𝑝𝑡  −𝑝𝑡−𝑞  −q𝜇 )2         

 h 
                                                                                  (9) 

Where h = q(nq+1-q)(1- 
𝑞

𝑛𝑞
 )                                                                                    (10)    

While 𝜇  = 
1

𝑛𝑞
  (

𝑛𝑞
𝑡=1  𝑝𝑡 − 𝑝𝑡−1) =

1

𝑛𝑞
 ( 𝑝𝑡 − 𝑝0)                                                     (11) 

𝜎2(1)  = 
 (
𝑛𝑞
𝑙=𝑞  𝑝𝑡  −𝑝𝑡−1−𝜇 )2         

  (nq −1)
                                                                                     (12) 

For null hypothesis testing, there is the assumption of homoscedastic and heteroscedacity.  Lo and MacKinlay 

(1988) developed  

Z(q) and 𝑍∗ (q) .The standard z- test statistic is below  

Z(q) =  
𝑉𝑅 𝑞 −1

 𝜃(𝑞)
   ∼ N(0,1)                                                                                             (13) 
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And  

𝑍∗ (q) = 
𝑉𝑅(𝑞)−1)

 𝜃∗ (𝑞)
  a∼ N(0,1)                                                                                        (14)  

𝜃(q) Stands for the asymptotic variance of the variance ratio under the assumption of homoscedasticitym and 𝜃∗ 

(q) stands for asymptotic variance of the variance ratio in the assumption of heteroscedasticity 

 

𝜃(q) = 
2(2 p−1)(q−1)        

 3q (nq )
                                                                                                   (15) 

𝜃∗ (q) =  {
2(𝑞−𝑗 )

𝑞

𝑞=1
𝑗=1 }2     𝛿 (j)                                                                                        (16) 

𝛿 (j) Stands for heteroscedasticity developed as follows  

𝛿 (j)  =  
 (
𝑛𝑞
𝑗+1  𝑝𝑡  −𝑝𝑡−𝑞  −𝜇 )2  (𝑝𝑡−1−𝑝𝑡−𝑗−1 −𝜇 )2         

{ (
𝑛𝑞
𝑡=1  𝑝𝑡  −𝑝𝑡−1 −𝜇 )2}2  

                                                                 (17) 

 

IV. Result And D ıscuss ıon 
The results are reported in the light of existing literature and with respect to the output results from the E-views 

software. They are organized in the following manner; descriptive statistics, unit root testing, autocorrelation, 

run testing and the variance ratio testing  

 

4.1 Descriptive Statistics 

Here, we are investigating if the data is normally distributed or not. The descriptive statistics of the monthly 

price/returns of Istanbul residential real estate prices is in its locally currency (Turkish lira) 

 

Table 1: Descriptive Statistics of monthly market return 
 RETURN_RT_ 

 Mean  0.003572 

 Median  0.003763 

 Maximum  0.009954 

 Minimum -0.010508 

 Std. Dev.  0.003902 

 Skewness -1.690020 

 Kurtosis  6.517046 

  

 Jarque-Bera  166.5600 

 Probability  0.000000 

 Sum  0.600053 

 Sum Sq. Dev.  0.002543 

 Observations  168 

 

From table 1 we can see that the statistic has a two-tail distribution with two degree of freedom. That is 

skewness coefficient and kurtosis. The Skewness and kurtosis are greater than zero. Following Jargue and Bera 

(1980) test when the probability of the distribution is equal to zero, the null hypothesis is being rejected. The 

probability of the monthly return data is equal to zero therefore the descriptive statistics for the monthly return is 

not normally distributed. 

 

4.1.2 Results of Unit Root Testing  

The study uses a time series data and as a common assumption, the data has to be stationary. 

Stationarity here means the mean, the variance are all are constant over time. If this is not done, the results will 

be bias. Thus, in situation of non-stationarity, we proceed to calculating the first differencing (time-to-time 

periods) In this study, the data was detected not be stationarity through unit root testing as reported on table 4.2, 

we then proceeded to differencing and as seen in table 4.3.  

After, differencing and making the time series data stable, which is, stationary with a constant variance and 

mean, we then proceeded to employ our empirical steps for the random walk model.  

H0:p>0 Has a unite root test  

H1= p = 0 Has no unit root test  
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Table 2: Unit Root Test (Level Test) 
Agugmented Dickey-Fuller test statistic (ADF) P- value of ADF Coefficient  P-value of lag  

Intercept 0.1708 -0.056213 0.0223 

Trend  0.3278 -0.0666309 0.0134 

Non 0.1553 -0.024207 0.1695 

  

P value is not equal to zero in Table .2, meaning we accept the first hypothesis (null hypothesis) of a 

unit root testing. If there is unit root test it denotes, the time series data is not stationary. We have to do the 1
st
 

difference to make sure the series is stationary. The table below represent the 1
st
 difference. Significant at 1% 

level  

 

Table 3: The Unit Root Test (1st Level Difference) 
Agugmented Dickey-Fuller test statistic (ADF) P- value of ADF Coefficient  P-value of lag  

Intercept 0.0000 -1.034380 0.0000 

Trend  0.0000 -1.034292 0.0000 

Non 0.0000 -1.034357 0.0000 

   

İn table 3 the p value = 0 we reject the null hypothesis of a unit root test hence the data is stationary in the 1st 

difference. We can now process in our test for random walk using the autocorrelation, run test and the variance 

ratio test. Significant at p less than 1% 

Note:The return is not stationary in the ―Level‖, but it is stationary in the first difference.  

     
4.2 Autocorrelation Test Result 

If they is no serial correlation in the residuals, the autocorrelation (AC) and partial autocorrelations (APC) at all 

lags should be nearly zero and all Q-statistics should be insignificant with large p-values. 

The autocorrelation results for 12 lags of the dependent variable are presented below.  

H0:p >0 , Is a random walk  

H1:p=0 , No random walk  

 

Table 4 Autocorrelation of Monthly Returns 

Date: 03/11/17   Time: 20:03    

Sample: 2003M01 2017M01      

Included observations: 167     

       
       Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 

       
              .|**    |        .|**    | 1 0.350 0.350 20.782 0.000 

       *|.     |       **|.     | 2 -0.095 -0.247 22.318 0.000 

     ***|.     |       **|.     | 3 -0.367 -0.290 45.473 0.000 

       *|.     |        .|*     | 4 -0.109 0.151 47.548 0.000 

       .|*     |        .|*     | 5 0.148 0.094 51.354 0.000 

       .|**    |        .|.     | 6 0.246 0.048 61.977 0.000 

       .|.     |        *|.     | 7 0.032 -0.075 62.161 0.000 

       *|.     |        .|.     | 8 -0.139 -0.028 65.610 0.000 

      **|.     |        *|.     | 9 -0.241 -0.116 75.953 0.000 

      **|.     |        *|.     | 10 -0.210 -0.186 83.883 0.000 

       .|.     |        .|*     | 11 0.037 0.099 84.132 0.000 

       .|*     |        .|.     | 12 0.153 0.010 88.421 0.000 

       
       In table 4 the result shows that there is autocorrelation in the time series since all p- values = 0 we 

accept presence of autocorrelation in the time series and reject the random walk hypothesis. If the random walk 

hypothesis is rejected it means prices are predictable and hence Istanbul residential real estate is not weak form 

efficient. To be more specific, autocorrelation coefficients are significantly not equal to zero with a positive sign 

for 1st, 5
th

,6
th

,7
th

,11
th

, and 12
th  

lag. We need to know that the positive sign indicates prices can be predictable 

within short time; hence the hypothesis of weak-form efficiency is rejected. Negative sign is at the 2
nd

, 3
rd

, 4th 

,8
th

 ,9
th

, and 10
th

 lag. The negative autocorrelation shows mean reversion in returns implying that prices and 

returns finally move back ward towards the mean or average.  A high significant positive autocorrelation is seen 

at all the levels first level with Q-Statistics. The entire 12-lag variable shows a positive autocorrelations 

meaning, the probability values are zero for all lags showing the existence of serial correlation in the series. The 

results of the Q-stat show that the autocorrelation coefficients of all 12 lags are jointly significant. 
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Note the autocorrelation test has indicated the presence of significant coefficients since the probabilities are 

zeros for all level (very significant). The null hypothesis is rejected at > 1% significant level. 

 

4.3. Result of The Run Test 

Here we want to know if prices are independent of each other. The run test is considered more suitable than 

serial correlation (autocorrelation) test because all observed series do not need to respect the normality 

distribution.  

H0: sequence is a random walk. This means that there are equal number of runs between observed (actual) runs 

and the forecasted (expected) runs 

H1:  Sequence is not a random walk. This means that there are no equal number of runs between observed 

(actual) runs and the forecasted (expected) runs 

 

Table 5: Run Test 

. run test re_diff 

N(re_diff <= -.0000535160070285) = 84 

N(re_diff > -.0000535160070285) = 83 

obs = 167 
  

N(runs) = 65 
  

z = -3.03 
  

Prob>z = 0 
  

 

The result does not accept the first hypothesis. The rejection of the null hypothesis of random walk is explained 

by the P-values; since p= 0. If the null hypothesis of random walk is rejected it means that the market is not 

weak form efficient. The run test is significant at 1%  

 

4.4: Results Of Variance Ratio Testing 

This test is to know whether returns of real estate can be predictable, if they are predictable it means investors 

can make excess profit by studying passed prices of residential real estate market, the efficient market 

hypothesis will be rejected in this situation. The study applies the original data and the first differenced data. 

The test has two results that is the Joint test, which indicates the null hypothesis, for all periods, and the 

individual test, which shows the variance ratio test, applied to individual periods. Next the study repeats the 

previous analysis but allows for heteroskedasticy in the data. 

 

Table 6: Application of the 1
st
 Difference Return Data 

H0: p = 0 Return is a random walk  

H1  p≠ 0 Return is not a random walk  

Date: 03/11/17   Time: 20:15   

Sample: 2003M01 2017M01   

Included observations: 166 (after adjustments)  

Standard error estimates assume no heteroskedasticity 

Compute variances assuming zero mean  

Use biased variance estimates   

User-specified lags: 2 4 8 16   

     
     Joint Tests Value df Probability 

Max |z| (at period 4)*  4.004712  166  0.0002 

Wald (Chi-Square)  20.63641  4  0.0004 

     

Individual Tests    

Period Var. Ratio Std. Error z-Statistic Probability 

 2  0.845055  0.077615 -1.996322  0.0459 

 4  0.418498  0.145204 -4.004712  0.0001 

 8  0.208795  0.229588 -3.446187  0.0006 

 16  0.096617  0.341639 -2.644264  0.0082 

     
     *Probability approximation using studentized maximum modulus with 
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        parameter value 4 and infinite degrees of freedom 

 

     

Test Details (Mean = 0)   

     
     Period Variance Var. Ratio Obs.  

 1  2.3E-06 --  166  

 2  1.9E-06  0.84506  165  

 4  9.6E-07  0.41850  163  

 8  4.8E-07  0.20880  159  

 16  2.2E-07  0.09662  151  

     
 

 

 

    
     

 

In table 6, the variance ratio test does not accept the null hypothesis. It rejects the hypothesis of random 

walk and this is identified from its probability value. The P-value is not equal to naught (zero). Relating the 

results to our research inquiry; if the first hypothesis (null) is rejected, it has serious implications for our study. 

It therefore, denotes that the real estate market of Istanbul is not efficient in its weak form.  

 

Tabel7. Robust Checks 

The data used to perform rubustness is the return data that has the first level differnce. Robustness is to 

the ability to ascertain if the main results were not merely driven by underlying assumptions, which at times, 

gives biased results. Thus, we used this to understand if the altered assumptions could have significant variation 

with the results. 

H0: p=0 RE_DIFF is a martingale
3
 

H1: p≠ 0 RE_DIFF is not a martingale  

Date: 03/11/17   Time: 20:15   

Sample: 2003M01 2017M01   

Included observations: 166 (after adjustments)  

Heteroskedasticity robust standard error estimates  

User-specified lags: 2 4 8 16   

     
     Joint Tests Value df Probability 

Max |z| (at period 4)*  3.467495  166  0.0021 

     

Individual Tests    

Period Var. Ratio Std. Error z-Statistic Probability 

 2  0.855408  0.091460 -1.580931  0.1139 

 4  0.434637  0.163047 -3.467495  0.0005 

 8  0.227954  0.251784 -3.066306  0.0022 

 16  0.117433  0.363758 -2.426246  0.0153 

     
     *Probability approximation using studentized maximum modulus with 

        parameter value 4 and infinite degrees of freedom 

 

     

Test Details (Mean = -1.07405171087e-05)  

     
     Period Variance Var. Ratio Obs.  

 1  2.3E-06 --  166  

 2  2.0E-06  0.85541  165  

 4  1.0E-06  0.43464  163  

 8  5.3E-07  0.22795  159  

 16  2.7E-07  0.11743  151  

     
 

 

 

         
 

 

                                                 
3
 A series follows a martingale when knowledge of past event never helps in the prediction of the future events.  
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The null hypothesis of the martingale is rejected since the p-values are different from zero. If the is no 

martingale it means that the market for residential real estate is not weak form efficient. Thus we reject the 

hypothesis of weak –form efficiency. The data used to The data used to perform rubustness is the return data 

that has the first level differnce. Robustness is to the ability to ascertain if the main results were not merely 

driven by underlying assumptions, which at times, gives biased results. Thus, we used this to understand if the 

altered assumptions could have significant variation with the results. 

 

V. Conclusion 

The central objective of this thesis is to sustain arguments for market efficiency in Istanbul, in its weak 

form. That is, if real estate returns for the future could be ascertained using past prices. In such an analysis, the 

concept of randomness becomes instrumental. Randomness translates efficiency and to test for this randomness 

in residential real estate, we followed a plethora of empirical literature to set our empirical methodology. The 

empirical methodology employed here is the random walk model as supported by Nisar and Hanif (2012), 

Schindler (2010), Ananzeh, (2014). To detect randomness (Random Walk), of residential real estate market 

prices, there is a statistical process as put forward by Schindler (2010).  Summarily, first test, autocorrelation 

rejects the random walk hypothesis for the monthly returns; the second-run test, rejects the presence of a random 

walk, meaning that returns are not independent of each other. The variance ratio test also rejects the presence of 

a random walk meaning that the weak-form market efficiency theory does not hold for Istanbul residential real 

estate.  Of the three tests (autocorrelation, run test, variance ratio test), the results obtained cast doubt on the 

theory of efficient market hypothesis. The result completely rejects the presence of a random walk, thereby 

signalling that returns are not independent of each other. We go further to control the results if they are not 

influenced by underlying assumptions (robustness). Thus an error-minimizing test conducted, again rejects the 

null hypothesis (Martingale- where past information can‘t help to predict the future) and accepts the alternative. 

We therefore conclude the European side of Istanbul, Turkey is not exhibiting the features or characteristics of 

an efficient market hypothesis as coined by Fama in 1970. 

In the spirit of exiting literature, the empirical findings are in consistence with a large body of existing 

finance literature; Gu (2002). Schindler et al (2009) Maier and Herath  (2009) Schindler (2010) Yakie (2016). 

Since it is believed that markets can be inefficient and over time can changed to be efficient (Ananzeh, 2014), 

(Ergul ,1995). 
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