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In this article, we examine the sampling distributions of the T-ratios commonly used
to support the exam of the market efficiency. From the p-values and the fixed block
bootstrap methods, it shows that those T-ratios are far from the standard normal
distribution claimed by numerous previous studies. Therefore, the T-ratios should
not be used to test whether or not the market is efficient.
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1. Introduction

Under the efficient market hypothesis (EMH), stock prices are expected to fully
reflect all available information about the market. Fama (1970) classifies the market
into “strong”, “semi-strong”, and “weak” forms. Under the strong form of the EMH,
all information that is public or non-public is incorporated into the calculation of a
stock’s current price; therefore, investors cannot gain abnormal profits from any
public or non-public information. Under the semi-strong form of the EMH, only
information that is public is incorporated into the calculation of a stock’s current
price; therefore, investors cannot gain abnormal profits from any public information.
Finally, under the weak form of the EMH, only historical information is incorporated
into the calculation of a stock’s current price; therefore, investors cannot use
technical analysis to obtain abnormal profits.

To assess whether the markets are at least weak form efficient, numerous studies
have investigated whether investors can apply the simple moving average trading
rules to gain abnormal profits. See for reference: Bessembinder, and Chan (1998),
Brock, Lakonishok, and LeBaron (1992), Hudson, Dempsey, and Keasey (1996),
Kwon, and Kish (2002), Metghalchi, Chang, and Du (2011), Metghalchi, Chen, and
Hajilee (2016), and Yu, Nartea, Gan, and Yao (2013).
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Following the aforementioned studies, a day is labeled as a Buy day if the short-term
moving average price of length S exceeds the long-term moving average price of
length L. Various moving average trading rules also specify the differences by a
band of a% for eliminating "whiplash" signals (Brock, et al., 1992) when the short
and long period moving averages are close. That is,

Buy if (1 + a%) £ Xio3 Py = (1 — a%) £ 2k Py; otherwise Sell. (1)

We will denote this trading rule as MA(S, L, o). Popular moving average trading
rules (Brock, et al., 1992) are MA(1, 5, 0), MA(Z, 15, 0), MA(1, 50, 0), MA(1, 100,
0), MA(1, 200, 0), MA(Z, 5, 1), MA(Z, 15, 1), MA(Z, 50, 1), MA(1, 100, 1), and
MA(1, 200, 1).

Following Fama (1965), the daily rate of return at time t, R, is defined as in Equation
(2):

Re= In(Py) — In(Pe1) = In(%). )
To test whether abnormal profits exist, three T-tests for the following hypotheses

were tested (see Brock, et al., 1992, and numerous articles by Metghalchi, et al.,
2011, 2016, 2018, and 2019).

Ho: ptb = ph, s = M, Ub = s
V.S. Hal pb # ph, Hs # Hh, Hb # Us,

where p, us, and pn are the mean returns for the Buy, Sell days, and buy-and-hold
strategy, respectively.

For testing Ho: tb = pn V.S. Ha: o # i, use the first t-test:

Ty = 2ok 3)
NED
For testing Ho: ps = pn v.S. Ha: ps # i, use the second t-test:
Xs—
To==g" )
Jns
For testing Ho: tb = psV.S. Ha: ub # pn, use the third t-test:
Ta=Te=2fs (5)
s2 2
Sb o, S8
Ilb ng

where Xy, and X are sample means, sp, Ss are sample standard deviations, and np, ns
are sample sizes for daily returns of Buy and Sell Days, respectively.

In this study, we will investigate the sampling distribution of the above T-tests via
block bootstrapping method with fixed block length of 20, 50, 100, 200, 500, 1000,
and 2,000 on ten popular moving average trading rules: MA(1, 5, 0), MA(1, 15, 0),
MA(1, 50, 0), MA(1, 100, 0), MA(1, 200, 0), MA(Z, 5, 1), MA(Z, 15, 1), MA(1, 50,
1), MA(Z, 100, 1), and MA(Z, 200, 1).
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2. Data and Methodology

Our analysis utilizes NASDAQ daily prices from Yahoo! Finance. Specifically, we
investigate prices from three different periods. The first study period contains the
most recent 1,000 NASDAQ daily prices from 1/11/2016 to 12/30/2019, a period of
about 4 years. The second study period contains the most recent 5,000 NASDAQ
daily prices from 2/15/2000 to 12/30/2019, a period of about 20 years. The third
study period contains the most recent 8,000 NASDAQ daily prices from 4/4/1988 to
12/30/2019, a period of about 32 years.

Table 1 summarizes the sample sizes ny and ns, the sample mean X and X, the
sample standard deviations s, and ss for daily returns of Buy and Sell Days,
respectively, and the T-ratios from Equations (3)-(5). In all previous studies (Brock,
et al., 1992, and Metghalchi, et al., 2011, 2016), T-ratios from Equations (3)-(5) are
assumed to follow an approximately normal distribution. From Table 1, almost all
the T-ratios are significant at the significant level of a=0.01. except for those with a
longer moving period for a short period of observations, e.g., MA(1. 200, 0) and
MA(1, 200, 1). From the results shown in Table 1, the NASDAQ market was
concluded to be inefficient by all previous studies (Metghalchi, et al., 2011, 2016).

Table 1. p-values of the T-ratios for various MA trading rules on NASDAQ price

index

For 1,000 NASDAQ daily prices from 1/11/2016 to 12/30/2019 for about 4 years
Trading Rule Nb Ns Xy X, Sp Ss h T1 T, Ts
MA(1,5,0) 624 372 0.005 -0.006 0.007 0.011 0.0007 13.604™ -12.030™ 16.993"
MA(1,15,0) 678 308 0.002 -0.003 0.007 0.014 0.0007 6.635" -5.080™  6.994™
MA(1,50,0) 725 226  0.002 -0.002 0.007 0.016 0.0007 3.614™ -2.877"  3.658"
MA(1,100,0) 764 137 0.001 -0.003 0.008 0.018 0.0007 2.081"  -2.098" 2.434™
MA(1,200,0) 713 88 0.001 -0.002 0.009 0.018 0.0007 0.879 -1.183 1.314
MA(1,5,1) 158 118 0.010 -0.014 0.009 0.013 0.0007 13.534™ -11.724™ 16.860™
MA(1,15,1) 442 173  0.004 -0.006 0.007 0.016 0.0007 9.438" -5913™  8.125"
MA(1,50,1) 650 152 0.002 -0.003 0.006 0.017 0.0007 4.282"" -2.864™  3.562™
MA(1,100,1) 727 107 0.001 -0.004 0.007 0.019 0.0007 2.027°  -2.329™  2.598™
MA(1,200,1) 699 75 0.001 -0.002 0.009 0.019 0.0007 0.772 -1.055 1.158

For 5,000 NASDAQ daily prices from 2/15/2000 to 12/30/2019 for about 20 years
Trading Rule  ny Ns Xy, X, S Ss h T: T Ts
MA(1,5,0) 2843 2153 0.007 -0.009 0.012 0.015 0.0001 30.023™ -27.843™ 40.041™
MA(1,15,0) 2956 2030 0.004 -0.005 0.012 0.018 0.0001 17.361™ -13.617™ 20.187"
MA(1,50,0) 3100 1851 0.002 -0.003 0.010 0.020 0.0001 9.470™ -6.046™  9.097"
MA(1,100,0) 3235 1666 0.001 -0.002 0.010 0.021 0.0001 7.318™ -4.726™  6.842"
MA(1,200,0) 3289 1512 0.001 -0.002 0.010 0.022 0.0001 5.698™ -3.140™  4.631™
MA(1,5,1) 1094 1008 0.012 -0.016 0.015 0.017 0.0001 27.054™ -29.064™ 39.658™
MA(1,15,1) 2041 1401 0.005 -0.008 0.012 0.020 0.0001 18.735™ -14.158™ 20.922™
MA(1,50,1) 2722 1504 0.002 -0.003 0.010 0.022 0.0001 10.845™ -6.257""  9.476™
MA(1,100,1) 2996 1433 0.002 -0.003 0.010 0.022 0.0001 8.109™ -4.587"  6.742"
MA(1,200,1) 3132 1360 0.001 -0.002 0.009 0.023 0.0001 5.436™ -3.048"™  4.388"

For 8,000 NASDAQ Daily Prices from 4/4/1988 to 12/30/2019 for about 32 years
Trading Rule  ny Ns X, X, S Ss h T: T T3
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MA(1,5,0)
MA(1,15,0)
MA(1,50,0)
MA(L,100,0)
MA(,200,0)
MA(L,5,1)*
MA(1,15,1)
MA(1,50,1)
MA(1,100,1)
MA(1,200,1)

4631
4872
5191
5373
5681
1724
3359
4510
4975
5474

3365
3114
2760
2528
2120
1435
2039
2224
2143
1905

0.006
0.004
0.002
0.002
0.001
0.012
0.005
0.002
0.002
0.001

-0.008
-0.005
-0.003
-0.002
-0.002
-0.015
-0.007
-0.003
-0.002
-0.002

0.011
0.011
0.010
0.010
0.011
0.013
0.011
0.010
0.010
0.011

0.014
0.017
0.019
0.019
0.021
0.016
0.019
0.020
0.021
0.021

0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004

37.551"
21.293™
11.106™
7.910™
5.313™
35.283™
23.714™
12.795™
8.694™
5.253"

-34.610™
-17.083™
-8.306™
-6.118™
-4.421™
-35.178™
-17.614™
-8.231™
-5.855™
-4.320™

49.648™
24.918™
11.816™
8.464™
5.807™
35.283™
25.799™
12.018™
8.249™
5.617""

** indicates that the T-ratio is significant at o = 0.01 by comparing with z = £ 2.576
wrongfully in previous studies

N, Ns are sample sizes, X, and X, are sample means, sy, Ss are sample standard
deviations for daily returns of Buy and Sell Days, respectively. un is the mean return
from buy-and-hold strategy. T-ratios are from Equations:(3)-(5).

* results were shown in Table 2

The numeric example in Table 2 shows how to apply trading rule MA(1, 5, 1) on
8,000 NASDAQ prices from 4/4/1988 to 12/30/2019 and how to obtain the t-ratios of
T1=35.2835, T, =-35.1781, and T3 = 49.2913.

Table 2. A Numeric Example of Applying MA(1, 5, 1) to Find the T-ratios

Adjusted Rate of
NASDAQ Return = (1+1%)*  (1-1%)*

Date t Closing IN(Pdpe1) MA(D) MA(5) MA(5) Buy/Sell  Remarks
4/4/1988 -4 371.9
4/5/1988 -3 373.4
4/6/1988 -2 377.7
4/7/1988 -1 378.9
4/8/1988 0 381.8 0.0076 376.74  380.51 37297  Buy 381.8 > 380.51
4/11/1988 1 382.5 0.0018 378.86  382.65 375.07 382.5 < 382.65
4/12/1988 2 383.4 0.0024 380.86  384.67 377.05 383.4 <384.67
4/13/1988 3 383.4 0.0000 382.00  385.82 378.18 383.4 < 385.82
4/14/1988 4 3745 -0.0235 381.12  384.93 377.31  Sell 3745<377.31
4/15/1988 5 373.9 -0.0016 379.54  383.34 375.74  Sell 373.9<375.74
12/27/2019 7964 9006.62 -0.0017 8970.50 9060.21  8880.80 9006.62<9060.21
12/30/2019 7965 8945.99 -0.0068 8974.71 9064.45  8884.96 8945.99<9064.45
Uh 0.000398
Nb 1,724
Ns 1,435

Xb 0.0117

Xs -0.0147
Sb 0.0133
Ss 0.0162




T,

Ts
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0.0133

::0.0117—0.000398)/(m) = 35.2835

::-0.0147-0.000398)/(3%) = -35171

0.01332 n 0.01622
1724 1435

= 49.2913

=:0.0117+0.0147)/

Brock, et al (1992) acknowledges the adoption of bootstrap methods on the simulated
null models (i.e., on the models of random walk, AR(1), GARCH-M, and the
Exponential GARCH) for stock prices. In contrast to Brock, et al (1992), we directly
apply the block bootstrap to the resampling of the NASDAQ price index and observe
the distribution of the T-ratios. The distribution of the T-ratios on the NASDAQ has
never been shown in Brock et al (1992), Metghalchi et al (2011 and 2016), or in any
other academic research paper.

In this study, we use block bootstrap methods to show that the large T-ratios are in
fact, not significant under certain appropriately chosen fixed block lengths.

In contrast to the original resampling from independent random samples (Efron,
1979), the block bootstrap method is used when samples are correlated. Because the
sample is a time series taken from the NASDAQ price index, the original resampling
method for independent observations will not be able to replicate the correlations
among the data (Hall and Horowitz, 1996, and Inoue and Shintani, 2001, Kunsch,
1989, and Politis, 2003). The rule of thumb for a block bootstrap is to group data into
subgroups of length | = n*3 (Hall and Horowitz, 1996, and Inoue and Shintani, 2001)
first, then an overlapping or non-overlapping method can be applied in resampling.

The overlapping or so-called moving block bootstrap method is first introduced by
Kunsch (1989). It divides the time series into n-I-1 blocks. Block 1 contains {y1, y2,
..., yi}, Block 2 contains {yz, ys, ..., yi1}, ....., and the last Block, the (n-l+1)th
Block contains {yn.+1, Yni+2, ...., yn}. FOr an easy illustration, let n be divisible by |
and let k = n/l. The block bootstrap sample of length n will be generated as {yii+1,

Yi1+2, ..., Yit+l; Yi2+1, Yi2+2, ..., Yi2#l; ..., Vik+l, Yike2, ..., Vik+l}, Where ig, io, ..., ik are K
independently and identically distributed (i.i.d.) random samples with or without
replacement from {1, 2, ....., n-I+1}. For instance, n = 12, and | = 3. For the

overlapping method, Block 1 contains {y1, y2, ys}, Block 2 contains {y2, ys, y4}, .....,
and the last block, the (12-3+1)=10" Block contains {yio, Y11, Y12}. Let k=12/3=4
1.1.d. random samples with or without replacement from {1, 2, ...., 10} be chosen.
For instance, let the four random samples be {2, 7, 5, 2}. The new time series of
length n=12 will be {y2, y3, Y4, Y7, Ys, Yo; Y5, Y6, Y7; Y2, Y3, Y4}.

For the non-overlapping or so-called simple block bootstrap method, we divide the
data into k = n/l blocks, where for an easy illustration we assume n is divisible by I.
Block 1 contains {y1, Y2, ..., 1}, Block 2 contains {yi+1, yi+2, ..., yai}, ....., and the
last Block n/I = k™ Block contains {yn-1+1, Yn-i+2, ..., yn}. The block bootstrap sample
of length n will be {y(1-1)=+1, ...., Yitsl; Y(2-0)142, «.eey Yiz#ly <oy Y(ikeD)*+1y --..ns Yikel}
where iy, i2, ..., ik are k i.i.d. random samples with or without replacement from {1,
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2, ....., k}. For instance, n = 12, and | = 3. For the overlapping method, Block 1
contains {y1, Y2, Y3}, Block 2 contains {ys, ys, VYs}, ....., and the last block, the
12/3=4" Block contains {y1o, Y11, y12}. Let k=12/3=4 i.i.d. random samples with or
without replacement from {1, 2, 3, 4} be chosen. For instance, let the four random
samples be {1, 4, 3, 1}. The new time series of length n=12 will be {y1, y2, ¥3; Y10,

Y11, Y12; Y7, Y8, Y9; Y1, Y2, Y3}

From Lahiri (1999) and Andrews (2002), there is little difference in performance on
sampling distributions of statistics from overlapping and non-overlapping methods.
Under the weak form of the EMH, the stationarity condition is not required. As such,
we do not need to vary the block length randomly to keep the stationary structure of
the NASDAQ (Politis & Romano (1994), and Politis, 2003). In addition, Brock, et al
(1992), Kiefer and Vogelsang (2005), and Shao and Politis (2013) suggest the use of
fixed block bootstrap method for heteroskedastic and autocorrelated time series.
Therefore, we use a fixed, not random, block length overlapping method when
constructing the sampling distributions for ratios T1, T2, and T3 using the statistical

({2

software “r.

In our study, the smaller block length of n'® = 20 will not be able to keep the
correlation relationship of our original time series. A block length of ¥ to % of the
length of a time series will be able to keep the correlation of the time series. For
instance, n = 8,000, the block length of 20 will not show the non-significant property
in statistics of ratios T1, T2, and Ts. However, with a block length of 2,000, or 4,000,
we will be able to show the non-significant property in statistics of ratios Ty, T2, and
Ts. For instance, if we are using a block of length 2,000, then the time series of
length 8,000 is classified into 8,000-2,000+1 = 6,001 subgroups. Four i.i.d. random
samples from {1, 2, ...., 6,001} will be drawn. The block strapping time series of
size 8,000 will be composed accordingly for our analysis in “r.”

The p-values for ratios T1, T2, and T3 will depend on the length of the time series,
moving periods, and the fixed block length. Tables 3-5 show the p-values for ratios
T1, T2, and T3 for various length of time series being n = 1,000, 5,000, and 8,000;
moving period of 5, 15, 50, 100, and 200 with and without a "whiplash" signal of [J
= 1%; and different fix block length. From our study, the "whiplash™ will not make
much difference on p-values for ratios T1, T2, and Ta.

Despite the discussion of non-independency of observations within and between
samples via runs test by Ren, Ren, and Glasure (2018), the p-values for a fixed block
length of about ¥ to % of the original length of a time series also show the non-
significant effect of the T-ratios. In other words, the large T-ratios in Table 1 lead to
the conclusion that hypotheses Ho: pw = pin, pus = pn, and pp = ps cannot be rejected at
a significant level of o = 0.05 or 0.01 and refutes the previous studies that the market
is not efficient. In fact, without needing to show the histograms and the Q-Q
probability distribution, from the p-values (tail areas) in Tables 3-5, we can see that
the T-ratios T1, T2, and T3 are far from the standard normal distribution claimed by
previous studies (Brook, et al., 1992, and Metghalchi, et al., 2011, and 2016).
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Table 3. p-values of the T-ratios for Various MA Trading Rules from Block

Bootstrapping

For 1,000 NASDAQ Daily Prices from 1/11/2016 to 12/30/2019

Fixed Block Length

Trading Rule 50 100 200 250 400 Ti-ratio
MA(1,5,0) 0.002™ 0.002" 0.418 0.659 0.973 13.604
MA(1,15,0) 0.002™ 0.108 0.729 0.921 0.755 6.635
MA(1,50,0) 0.212 0.503 0.795 0.645 0.436 3.614
MA(1,100,0) 0.150 0.182 0.150 0.106 0.048" 2.081
MA(1,200,0) 0.000™ 0.008™ 0.002™ 0.010" 0.004™ 0.879
MA(1,5,1) 0.002™ 0.008™ 0.230 0.384 0.637 13.534
MA(1,15,1) 0.002™ 0.018" 0.382 0.583 0.905 9.438
MA(1,50,1) 0.006 0.168 0.913 0.891 0.617 4.282
MA(1,100,1) 0.108 0.148 0.126 0.082 0.038" 2.027
MA(1,200,1) 0.000** 0.002™ 0.002™ 0.002™ 0.004™ 0.772

For 5,000 NASDAQ Daily Prices from 2/15/2000 to 12/30/2019

Fixed block length
Trading Rule 250 500 1,000 1,250 2,000 T,-ratio
MA(1,5,0) 0.002™ 0.026" 0.354 0.511 0.821 30.023
MA(1,15,0) 0.002™ 0.046" 0.422 0.569 0.767 17.361
MA(1,50,0) 0.002™ 0.058 0.464 0.611 0.677 9.470
MA(1,100,0) 0.002™ 0.062 0.428 0.565 0.835 7.318
MA(1,200,0) 0.002™ 0.070 0.458 0.589 0.827 5.698
MA(1,5,1) 0.002™ 0.018" 0.280 0.416 0.997 27.054
MA(1,15,1) 0.002™ 0.028" 0.360 0.501 0.849 18.735
MA(1,50,1) 0.002™ 0.040" 0.398 0.543 0.831 10.845
MA(1,100,1) 0.002™ 0.042" 0.422 0.553 0.753 8.109
MA(1,200,1) 0.002™ 0.076 0.470 0.589 0.837 5.436

For 8,000 NASDAQ Daily Prices from 4/4/1988 to 12/30/2019

Fixed Block Length
Trading Rule 250 500 1,000 2,000 4,000 T,-ratio
MA(1,5,0) 0.002™ 0.002™ 0.074 0.591 0.805 37.551
MA(1,15,0) 0.002™ 0.008™ 0.106 0.661 0.727 21.293
MA(1,50,0) 0.002™ 0.008™ 0.168 0.807 0.629 11.106
MA(1,100,0) 0.012 0.012" 0.248 0.941 0.521 7.910
MA(1,200,0) 0.012 0.060 0.498 0.841 0.352 5.313
MA(1,5,1) 0.002™ 0.002™ 0.064 0.523 0.899 35.283
MA(1,15,1) 0.002™ 0.002™ 0.076 0.573 0.823 23.714
MA(1,50,1) 0.002™ 0.004™ 0.118 0.711 0.703 12.795
MA(1,100,1) 0.002™ 0.006™ 0.196 0.861 0.591 8.694
MA(1,200,1) 0.002™ 0.060™ 0.480 0.863 0.362 5.253

* indicates that the T-ratio is significant at o = 0.05; ** indicates that the T-ratio is

significant at o = 0.01
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Table 4. p-values of the T»-ratios for Various MA Trading Rules from Block
Bootstrapping

For 1,000 NASDAQ Daily Prices from 1/11/2016 to 12/30/2019
Fixed Block Length

Trading Rule 50 100 200 250 400 T,-ratio
MA(1,5,0) 0.000™ 0.000™ 0.008™ 0.016" 0.000™ -12.030
MA(1,15,0) 0.000™ 0.004™ 0.010" 0.026" 0.002™ -5.080
MA(1,50,0) 0.038 0.006™ 0.012" 0.010" 0.012" -2.877
MA(1,100,0) 0.757 0.066 0.034" 0.036" 0.016" -2.098
MA(1,200,0) 0.090 0.593 0.755 0.619 0.398 -1.183
MA(1,5,1) 0.000™ 0.000™ 0.012" 0.028" 0.014" -11.724
MA(1,15,1) 0.000™ 0.000™ 0.010" 0.018" 0.004™ -5.913
MA(1,50,1) 0.056 0.020 0.034" 0.038" 0.028" -2.864
MA(1,100,1) 0.268 0.026 0.040" 0.034" 0.070 -2.329
MA(1,200,1) 0.046 0.274 0.759 0.931 0.883 -1.055

For 5,000 NASDAQ Daily Prices from 2/15/2000 to 12/30/2019
Fixed Block Length

Trading Rule 250 500 1,000 1,250 2,000 To-ratio
MA(1,5,0) 0.000™ 0.002™ 0.028" 0.040" 0.076 -27.843
MA(1,15,0) 0.000™ 0.004™ 0.018" 0.046" 0.064 -13.617
MA(1,50,0) 0.000™ 0.002™ 0.012" 0.118 0.166 -6.046
MA(1,100,0) 0.004 0.038 0.082 0.056 0.060 -4.726
MA(1,200,0) 0.617 0.398 0.577 0.577 0.378 -3.140
MA(1,5,1) 0.002 0.022 0.022" 0.038" 0.064 -29.064
MA(1,15,1) 0.000™ 0.004™ 0.014" 0.038" 0.034" -14.158
MA(1,50,1) 0.002** 0.016 0.070 0.084 0.136 -6.257
MA(1,100,1) 0.008 0.052 0.096 0.094 0.028" -4.587
MA(1,200,1) 0.807 0.507 0.643 0.649 0.490 -3.048

For 8,000 NASDAQ Daily Prices from 4/4/1988 to 12/30/2019
Fixed block length

Trading Rule 250 500 1,000 2,000 4,000 To-ratio
MA(1,5,0) 0.000™ 0.000™ 0.000™ 0.018" 0.080 -34.610
MA(1,15,0) 0.000™ 0.000™ 0.000™ 0.022" 0.090 -17.083
MA(1,50,0) 0.000™ 0.000™ 0.000™ 0.010" 0.024 -8.306
MA(1,100,0) 0.000™ 0.000™ 0.000™ 0.018" 0.060 -6.118
MA(1,200,0) 0.000™ 0.000™ 0.000™ 0.034" 0.124 -4.421
MA(1,5,1) 0.000™ 0.000™ 0.000™ 0.018" 0.084 -35.178
MA(1,15,1) 0.000™ 0.000™ 0.000™ 0.020" 0.086 -17.614
MA(1,50,1) 0.000™ 0.000™ 0.000™ 0.024" 0.070 -8.231
MA(1,100,1) 0.000™ 0.000™ 0.000™ 0.022" 0.064 -5.855
MA(1,200,1) 0.000™ 0.000™ 0.002™ 0.028" 0.120 -4.320

* indicates that the T-ratio is significant at o = 0.05; ** indicates that the T-ratio is
significant at o = 0.01
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Table 5. p-values of the Ts-ratios for Various MA Trading Rules from Block

Bootstrapping

For 1,000 NASDAQ Daily Prices from 1/11/2016 to 12/30/2019

Fixed Block Length

Trading Rule 50 100 200 250 400 Ts-ratio
MA(1,5,0) 0.002** 0.002" 0.010" 0.014" 0.012" 16.993
MA(1,15,0) 0.002** 0.006™ 0.028" 0.044" 0.048" 6.994
MA(1,50,0) 0.002** 0.084 0.064 0.068 0.076 3.658
MA(1,100,0) 0.002** 0.627 0.380 0.260 0.188 2.434
MA(1,200,0) 0.002** 0.050 0.256 0.388 0.617 1.314
MA(1,5,1) 0.002** 0.002™ 0.012" 0.022" 0.022" 16.860
MA(1,15,1) 0.002** 0.002™ 0.018" 0.032" 0.024" 8.125
MA(1,50,1) 0.002** 0.142 0.090 0.120 0.132 3.562
MA(1,100,1) 0.002** 0.945 0.214 0.168 0.164 2.598
MA(1,200,1) 0.002** 0.006™ 0.158 0.208 0.328 1.158

For 5,000 NASDAQ Daily Prices from 2/15/2000 to 12/30/2019

Fixed Block Length
Trading Rule 250 500 1,000 1,250 2,000 Ts-ratio
MA(1,5,0) 0.002™ 0.016" 0.022" 0.032" 0.094 40.041
MA(1,15,0) 0.002™ 0.020" 0.038" 0.042" 0.094 20.187
MA(1,50,0) 0.002™ 0.066 0.102 0.108 0.186 9.097
MA(1,100,0) 0.002™ 0.060 0.068 0.078 0.138 6.842
MA(1,200,0) 0.002™ 0.364 0.440 0.515 0.591 4.631
MA(1,5,1) 0.002™ 0.002™ 0.012" 0.012" 0.080 39.658
MA(1,15,1) 0.002™ 0.002™ 0.016" 0.030" 0.078 20.922
MA(1,50,1) 0.002™ 0.006™ 0.050 0.076 0.158 9.476
MA(1,100,1) 0.002™ 0.010" 0.072 0.074 0.138 6.742
MA(1,200,1) 0.002™ 0.388 0.503 0.581 0.713 4.388

For 8,000 NASDAQ Daily Prices from 4/4/1988 to 12/30/2019

Fixed Block Length
Trading Rule 250 500 1,000 2,000 4,000 Ts-ratio
MA(1,5,0) 0.002™ 0.002™ 0.002™ 0.018" 0.090 49.648
MA(1,15,0) 0.002™ 0.002™ 0.002™ 0.034" 0.110 24.918
MA(1,50,0) 0.002™ 0.002™ 0.002™ 0.028" 0.096 11.816
MA(1,100,0) 0.002™ 0.002™ 0.002™ 0.052 0.148 8.464
MA(1,200,0) 0.002™ 0.004™ 0.028" 0.098 0.206 5.807
MA(1,5,1) 0.002™ 0.002™ 0.064 0.523 0.899 35.283
MA(1,15,1) 0.002™ 0.002™ 0.002™ 0.030" 0.108 25.799
MA(1,50,1) 0.002™ 0.002™ 0.002™ 0.042" 0.114 12.018
MA(1,100,1) 0.002™ 0.002™ 0.002™ 0.054 0.144 8.249
MA(1,200,1) 0.006** 0.006™ 0.024" 0.094 0.198 5.617

* indicates that the T-ratio is significant at a = 0.05; **

significant at o = 0.01

3. Conclusion

indicates that the T-ratio is

In this article, we examine the sampling distributions of the T-ratios in Equations (3)-
(5) used to support market efficiency. From the p-values (tail areas) listed in Tables
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(3)-(5), the fixed block bootstrap methods show that those T-ratios are far from the
standard normal distribution claimed by numerous previous studies, especially when
the length of time series get larger, e.g., 5,000 or 8,000 observations (about 20 years’
worth and 30 years’ worth of observations, respectively). Therefore, the T-ratios
presented in Equations (3)-(5) cannot be used to test whether or not the market is
efficient. Numerous studies have applied T-ratios to the NASDAQ and other price
indices following a Normal (or a T) distribution to assess whether the markets are at
least weak form efficient. Recent studies include Metghalchi, Metghalchi, Hajilee,
and Hayes (2018) on the Iceland All-share Index and Metghalchi, Hayes, and
Niroomand (2019) on the Morgan Stanley Capital International (MSCI) Emerging
Market Index. Brock, et al (1992) acknowledges the adoption of bootstrap methods
on the simulated null models (i.e., on the models of random walk, AR(1), GARCH-
M, and the Exponential GARCH) for the Dow Jones price index from 1897 to 1986.
In contrast to Brock, et al (1992), we directly apply the fixed block length bootstrap
method to the resampling of the more recent NASDAQ price index and observe the
distribution of the T-ratios. In contrast, we demonstrate that such markets cannot be
deemed inefficient due to the inappropriate interpretation of T-ratios as what has
claimed in Metghalchi, et al (2011, 2016, 2018, and 2019).
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