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Abstract

The Predictive Power and Economic Effectiveness of Trading Rules Strategies:
Application of VMA (p, q, r) and TRB (p, r, d) Conditional Models to Canadian Equity

Market

Matey Iliev Gerov

Concordia University, 2005

This study evaluates the predictive power and economic effectiveness of ten variable-
length moving average (VMA) and six trading range break-out (TRB) rules applied to
S&P/TSX Composite Index. It is found that VMA rules do not generate random buy and
sell signals, which is consistent with trading rules having predictive power. By capturing
negative risk premia, the rules reduce risk and yield significant excess returns over a
simple buy-and-hold-strategy. The effect of trading costs on profitability is nontrivial;
break-even two-way transaction costs suggest the rules are effective only in a low-cost
trading environment. The performance of the rules is consistent; the best and the worst

performing rules in-sample remain so out-of-sample.
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I. Introduction

Brock, Lakonishok and LeBaron (1992)! provide evidence that moving average and
trading range break-out rules® can yield significant returns over a simple buy-and-hold
strategy. Their findings are noteworthy, because every one of the rules demonstrates
predictive power on the Dow Jones Industrial Average index (DJIA) over a period of 90
years. Moreover, their bootstrap results suggest that none of the employed null models,
namely random walk, autoregressive, GARCH-M, and Exponential GARCH, is
consistent with the observed conditional returns. Findings such as these have prompted
revisits that attempt to challenge the statistical significance of the results through the use
of various bootstrap simulations and novel methodologies. Evidence from White’s
Reality Check (Sullivan, Timmermann and White, 1999), a test that accounts for the bias
inherent in a researcher’s choice of trading rules to apply, suggests that moving average
and trading range break-out rules are robust to data snooping. The predictive ability of
trading rules is also supported by genetic algorithms that, in the same vein as the Reality
Check, attempt to overcome problems related to the possible biased selection of trading
rules and their parameters. Instead of adopting ad hoc specifications and then controlling
for data snooping biases, genetic algorithms generate new optimal rules ex-ante by
simultaneously searching for optimal structures and parameters in estimation samples and
then applying them to out-of-sample forecast periods. Allen and Karjalainen (1999), who

pioneered the genetic approach with financial data series, conclude that with 0.25%

' Where convenient Brock, Lakonishok and LeBaron (1992) will be referred to as BLL.

? A moving average rule is defined as “buying (or selling) when the short-period moving average rises
above (or falls below) the long-period moving average”, page 1735; under a trading range break-out rule
“signals are generated as stock prices hit new highs and lows”, page 1733.



transaction costs most of the genetically generated rules “are effectively similar to a 250-

3 This, along with evidence that trading rules yield excess

day moving average rule
returns in a number of emerging and developed equity markets (Bessembinder and Chan,

1995 and Ito, 1999, among others), incite further examination.

This study evaluates the performance of Variable-length Moving Average (VMA)
and Trading Range Break-out (TRB) rules on the Toronto Stock Exchange S&P/TSX
Composite Index (TSX). Previously, Ito (1999, 2002) replicate BLL rules employing
Canadian equity data. The first evaluates trading rules profitability in Pacific-Basin
equities (Datastream Indices, 1980-1996) in the context of asset pricing models; the
second investigates whether two non-linear models can explain the statistically
significant returns produced by VMA rules on the TSE 300 from 1977 to 1995. Both
studies have weaknesses, however. The first adopts the double-or-out trading strategy on
the assumption that some governments restrict short sales, but this is not the case in
Canada and is therefore inappropriate. The second overstates the economic significance
of conditional returns by annualising buy and sell signal mean daily return differences,
rather than simply the total return divided by the number of days in the sample.
Unconditional mean returns are overstated as well because the calculation of the mean

does not exclude the first 200 observations that were used for estimating parameters.

Ito’s (2002) original sample from 1977 to 1995 is employed for a number of
analyses in, what will be referred to as, the in-sample. Eight more years of data, from

1996 to 2003, were collected and are used as out-of-sample period. Trading rule

3 Page 262



predictive power is investigated by testing the buy and sell signals for randomness where
standard and distribution-free tests are employed. Their effectiveness is then studied in
the framework of Jensen’s (1978) definition of the Efficient Market Hypothesis where
both price and total returns are adjusted for risk and transaction costs. Trading rule
returns are compared to unconditional returns from the buy-and-hold strategy on a risk-
adjusted basis using Sharpe and Jensen measures. The wealth depletion effect of
transaction costs is measured and break-even levels are estimated. Next, Consistency
Check is performed, that is, the robustness of the results is examined by comparing the
rank order of trading rules risk-adjusted performance in-sample and out-of-sample,
providing evidence of forecast reliability; in other words, it is tested whether rules differ
and whether the identified best and worst performing rules remain so when applied to
hold-out data. And finally, the relationship between excess returns and market volatility

is explored.

This study reveals that VMA trading rules do not generate random signals and
they yield excess returns over buy-and-hold. The risk associated with conditional returns
is lower where the best performing models have negative betas. The results are largely
consistent over the various comparison criteria, and are robust to transaction costs of 25
basis points. Increasing transaction costs to 150 basis points, however, quickly erodes
their profitability; the break-even is about 75 and 50 points for price and total returns,
respectively. Out-of-sample results suggest that TRB rules produce random signals and
their excess profitability is negative after transaction costs. The rank order test of trading

rules risk-adjusted performance lends support to a degree of forecast reliability. The two



best and worst VMA rules in-sample remain so out-of-sample. The same test on TRB
rules shows no significant difference among them, consistently, in-sample and out-of-
sample. There is a positive and significant relationship between conditional returns and

unconditional variance.

The remainder of the paper is organised as follows. Section 2 reviews the
literature. Section 3 discusses the trading rules. The methodology is explained in Section
4, and the Data samples in Section 5. Section 6 presents the results. Section 7 discusses

the main findings, and Section 8 concludes.



I1. Literature Review

Brock, Lakonishok and LeBaron (1992) apply two of the most popular ad-hoc trading
rules, namely, the moving average and the trading range break-out, to DJIA index daily
data from 1897 to 1986. All of the rules considered, which include ten variable- and ten
fixed-length moving averages, and six trading range break-outs, are shown to yield
excess returns and in which serial correlation accounts for less than 10%. The authors
also use a bootstrap to compare actual trading rule returns to returns simulated from a
number of generating processes, and find that trading rule returns are not consistent with
a random walk, autoregressive, GARCH-M, or Exponential GARCH process. They find
that buy signals consistently produce higher returns than sell signals and that returns

following buy signals are less volatile than those following sells.

The asymmetry of buy and sell signal returns suggests non-linearity. Employing
a single layer feed-forward network regression as a non-linear conditional mean estimator
and the previous buy and sell signals from two moving average rules, Gencay (1998)
addresses this issue and documents non-linear predictability in stock market returns. His
specification forecasts better than linear AR and GARCH-M models, which supports the
BLL finding that linear conditional mean estimators fail to characterise the temporal
dynamics of equity returns. More generally across samples, moving averages provide at
least a 10% forecast improvement in more volatile years. Performance is considerably

better in “trendy years” and moderate during periods without clear price tendencies.



Results for a number of developed and less-developed or emerging equity markets
support the predictive power of trading rules. Hudson, Dempsey and Keasey (1996) and
Mills (1997) largely replicate BLL on the UK equity market (FT30) and obtain results
remarkably similar to BLL. Isakov and Hollistein (2002) provide evidence from the
Swiss market (SBC General Index, 1969-1997). Bessembinder and Chan (1995) find that
trading rules are more profitable on less-developed than on developed markets. Ito
(1999), Parisi and Vasquez (2000), Ahmed, Beck and Goldreyer (2000), Gunasekarage
and Power (2001), and Chang, Lima and Tabak (2004) all support the hypothesis that

emerging markets are less efficient. Ratner and Leal (1999) is the one exception.

Although BLL do not find that trading rules performance differs across sub-
periods, replications of their work suggest weakening profits in the latest periods.
Sullivan, Timmermann, and White (1999), for instance, document that the best rule from
1897 to 1986 does not repeat its superior performance in the out-of-sample experiment
from 1987 to 1996. In fact, none of the rules is able to maintain its profitability. The
authors outline three possible explanations: the out-of-sample is not representative, the
trading rules are not representative, and the markets have become more efficient. The
first is an acknowledgement that, depending on the way performance is evaluated, one
out-of-sample period really yields only one observation, and thus is insufficient to draw
convincing conclusions about forecast reliability. The second addresses the possibility
that the employed 7846 rules are not representative of the whole universe. They
ultimately favour the third, citing low-cost computing power, lower transaction costs, and

increased liquidity as making markets more efficient. Ready (2002) has similar findings



and speculates that arbitrage activities on Wall Street have minimised trading rules return
opportunities. Employing data from 1962 to 1996 for NYSE and from 1973 to 1996 for
NASDAQ, Kwon and Kish (2002) find weakening profits from trading rules and suggest
that markets are becoming more efficient in disseminating information to a wider range
of investors. Bessembinder and Chan (1998) find that the break-even two-way
transaction costs decline rapidly after 1975 (DJIA Index, 1926-1991) and conclude that

excess trading rule returns are consistent with this improvement in operational efficiency.

Excess returns from trading rules cannot as yet be explained by measurement
error. Bessembinder and Chan (1998), for example, conclude that the heightened returns
cannot be attributed solely to errors arising from non-synchronous trading. Further, they
argue that the omission of dividend yields introduces bias in sell signal returns and
estimate that the additional return from dividends is 0.016% per day, which compares to
sell signal mean return of 0.027%. Ready (2002) controls for such possible measurement
error by using total index returns and finds that four moving average trading rules
perform worse than buy-and-hold from 1987 to 2000. However, both studies apply short
position constraints assuming respectively, double-or-out and long-bond-instead-of-short-

stock trading strategies, which limits the representativeness of their results.

Trading rules are economically effective in a low-cost trading environment.
Isakov and Hollistein (2002) find that only investors who face two-way transaction costs
of less than 0.66% can benefit on Swiss market and conclude that for a large fraction of

participants the weak form of market efficiency cannot be rejected. Two separate studies



employing large samples, from 1935 to 1994 for FT30 (Hudson, Dempsey and Keasey,
1996) and from 1926 to 1991 for DJIA (Bessembinder and Chan, 1998), estimate
identical average break-even two-way transaction costs of 0.8% and 0.78%, respectively.

In contrast, Ito (1999) reports an average of 1.58% in Canada from 1980 to 1996.



II1. Conceptual Foundation of the Trading Rules

1. Variable-length Moving Average Rules

The moving average oscillator is one of the oldest and most popular tools used by
technical analysis. It smoothes data, ostensibly removing noise to reveal underlying

trends. At time t, a moving average is calculated as:

1 n—l1
ma,(p)=—3 x,,, 6
P =0
where p is the smoothing parameter (number of observations) and x; is the closing price at

time £.

Murphy (1999) and Schwager (1996) describe the double crossover moving
average strategy as two moving averages, one with a short and the other a long smoothing
parameter. A moving average trading rule generates a buy signal when the short moving
average crosses above the long moving average, and a sell signal when the short moving

average crosses below the long moving average (see Figure I). It is given formally as:

n-1 n=1

if, l 2 X, > l 2 X,_; »then Buy, 2)
D =0 q i=0
1 n-1 1 n—-1

if, =Y %, <= x,_, ,then Sell, 3)
D=0 q =0

where p is the smoothing parameter of the short moving average, g is the smoothing

parameter of the long moving average and x, is the closing price at time ¢.
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The crossing of the two moving averages is indicative of reversal in price
direction and a possible opportunity to exploit well-known low-order serial correlation
(Allen and Karjalainen, 1999). Smaller smoothing parameters suggest more sensitive to
price moving averages and thus, more frequent crossovers. If the smoothing parameter of
the short moving average p is equal to one, then the average is effectively equal to the

price, and the rule is known as single crossover moving average strategy.

This study examines Variable-length Moving Average rules (VMA), which
include the double crossover moving average with and without a trading filter band. The
purpose of this band is to filter out weak signals by validating each signal with respect to
whether the short moving average is outside a fixed percentage band around the long

moving average:

n-1 n=1
if, Z x> (1 + _’_E. x,_; , then Buy, @)

i=0

n-1 n=1

if, Zx i (1 - —0) Zx . » then Sell, &)
D=0 i=

where p is the smoothing parameter of the short moving average, g is the smoothing

parameter of the long moving average, r is the size of the filter band and x; is the closing

price at time ¢.
The notation of moving average trading rules is given by VMA (p, g, r) model,

where p is the short smoothing parameter, g is the long smoothing parameter, and 7 is the

size of the filter band. The parameters used are the same as BLL, namely, (1, 50, 0),

11



(1,50, 0.01), (1,150,0), (1,150,0.01), (5,150,0), (5,150,0.01), (1,200, 0),

(1,200, 0.01), (2,200,0) and (2,200, 0.01).

2. Trading Range Break-out Rules

Schwager (1996) defines the trading range as a horizontal corridor that contains price
fluctuations for a specific period of time. The upper and the lower boundaries of this
corridor define local maximum, called resistance, and local minimum, called support,

which can be represented as follows:
resistance, (p) = max(x,_;,..., X, o) 6)
support, (p) =min(x, ..., X, ,), @)

where p is the time parameter (number of observations) and x, is the closing price at time .

A simple trading range break-out rule generates a buy signal when the closing
price exceeds the prior local maximum, and a sell signal, when the closing price declines

below the local minimum (see Figure I):

if , x, > resistance, (p), then Buy, ®
if, x, <support, (p), then Sell, ®

where p is the time parameter and x, is the closing price at time ¢.

The ability of the price to move to a new high or low indicates a potential for a

new trend in the direction of the break-out (Schwager, 1996). Thus, the penetration of a

12



previous high is viewed as a buy signal, and the penetration of previous low as a sell

signal. Shorter time periods imply more frequent signals.

Following BLL, this study employs Trading Range Break-out rules (TRB) with

and without trading filter bands:

if,x, > (1 + T(’;—é)resistance, (p), then Buy and hold for (d) periods, (10)

if, x, < (1 - i—(—’;—o-]support, (p), then Sell and hold for (d) periods, an

where p is the time parameter, r is the size of the filter band, d is the holding period and x,

is the closing price at time ¢.

The notation of the rules is given by TRB (p, r, d) model, where p is the time
parameter, r is the size of the filter band and d is the holding period. The parameter
specifications are (50, 0, 10), (50, 0.01, 10), (150, 0, 10), (150, 0.01, 10), (200, 0, 10) and

(200, 0.01, 10).
3. Trading Strategy

VMAs and TRBs are lagging indicators because they generate trading signals after a
price trend has ostensibly changed. In this respect, the buy-and-hold will yield higher
returns in any given period of consecutive positive market returns, while rules can
compensate for the lagging effect during negative drifts. This consideration brings to the

important issue regarding the way short selling is implemented. Ratner and Leal (1999),

13



Ahmed, Beck and Goldreyer (2000) and Ready (2002) constraint short positions by
replacing sell days with neutral days, under which sell signal returns are equal to risk free
rate. This approach is biased, because it assumes equality between negative risk premia
and risk free rate. Moreover, there is no difference between sell signal returns as implied

by the definition of the trading rules and neutral signal returns.

Another type of short position constraint found in previous studies (Bessembinder
and Chan, 1998, Ito, 1999, among others) is the double-or-out trading strategy. Under
this strategy, the neutral signal return is taken to be equal to the buy-and-hold return and
the sell signal return is taken to be equal to the risk free rate. The buy signal is associated
with borrowing of additional funds at risk free rate and opening a long position, which is
doubled. The implications for comparative performance of this double-or-out strategy
are unclear because of the effects of leverage and the assumption that funds can be

borrowed or lent at the same rate.

14



IV. Methodology

1. Return Series

Since the omission of dividends may lead to overstated performance of trading rules, the
VMA and TRB rules are examined for both daily price returns, which are based solely on
change in security prices, and daily total returns, which are based on prices and
distributions (stocks, dividends, etc.). The returns are calculated as the difference
between natural logarithms of closing prices:

R =In(x,,)~In(x,), (12)
where 4 is the holding period (daily return series are generated as A=1) and R is the return

for the period.

Returns conditional on buy, sell and neutral signals are given by:
RCz =N [ln(xt+1) - ln('xt )]’ (1 3)

where 7 is a signal indicator and Rc is the conditional return.

The buy signal (1 = 1) prescribes a long position whose return is equal to the buy-

and-hold. The sell signal () = -1) prescribes a short position whose return is the negative
of the buy-and-hold for price return series; when total return data is used it is net of
dividend yield and of the risk-free rate to represent the cost of borrowing. For a neutral

position (1 = 1), the return is equal to the risk-free rate.

15



2. Evaluation of Trading Rules

2.1. Randomness of Buy and Sell Signals

Let buy and sell signal returns be binary variables with two possible outcomes — positive
or negative, and 0 denotes the proportion of positive returns to all outcomes. The
process of generating buy and sell signal return series is equivalent to a sampling
procedure with VMA (p, q, r) and TRB (p, r, d) models as the sample selection methods,
and unconditional return series as the underlying population. As long as the selection
methods are random, buy and sell sampling distributions will approximate the population
distribution. More specifically, buy and sell signal point estimators of the population
proportion of positive returns will be equal. This is consistent with trading rules
generating random signals, and tested employing a distribution-free chi-square test of null

hypothesis of equality of k proportions Hy: 0; = 6, = ... = 6, with test statistics*:

1 L x} N6, -
=y , 14
¢ eo(l-eo)gn,. 1-9, (14

where n;, N and x; are the number of trials, observations and positive returns, respectively.

Randomness of trading signals also implies equal buy and sell signal point
estimators of population mean. Three null hypotheses of equality between two

independent means are tested using a standard Gossett t-test’:

* One-tail rejection region: 02y’ ; Gibbons and Chakraborti (2003) explain the test in detail, page 390.
’ Two-tail rejection region: |t* | St(1- /25 ny + ny- 2)

16



(H1) Null hypothesis of equality between conditional on buy signal mean return and

unconditional mean return Hy: Rc.pyy- Ryc = 0, with test statistics:

£ = K- U
ol o 1s)
N, N

where L, , O b2 and N, are the buy signal mean return, variance and number of buy days,

and i, 0’ and N are the mean return, variance and number of observations under

buy-and-hold.

(H2) Null hypothesis of equality between conditional on sell signal mean return and

unconditional mean return Hy: Re.sgrz - Ruc = 0, with test statistics:

o, o (16)
N

where L , 0.’ and N, are the sell signal mean return, variance and number of sell days,

and L, o and N are the mean return, variance and number of observations under

buy-and-hold.

(H3) Null hypothesis of equality between conditional on buy signal mean return and

conditional on sell signal mean return Hy: Rc.pyy-Re.serr = 0, with test statistics:

t*z ub_lus
A a7
Nb Ns

where 11, , 05> and N, are the buy signal mean return, variance and number of buy days,

and U , o’ and N; are the sell signal mean return, variance and number of sell days.

17



The power of the t-test for difference between means of two independent large
samples with estimated standard deviation depends on the assumption that both
populations are approximately normally distributed, which however, is not the case with
stock market returns. BLL address this issue by generating a bootstrap distribution that is
used to make inferences about the original distribution. None of their null models, or
those used by others in later studies, could generate a bootstrap distribution for which
trading rule returns are persistently higher than those generated with the actual series. In
the Canadian context, Ito (1999, 2002) applied the bootstrap methodology to the VMA
(p, g, r) and TRB (p, 1, d) models from 1980 to 1996 and again to the VMA (p, q, r) from
1977 to 1995. None of his null models are consistent with the actual trading rule return

distributions at the 5% level of significance.

To address the issue of distribution form, this paper employs distribution-free
tests based on another measure of central tendency, the median, which distribution does
not depend on that of the population and thus, assumptions about underlying population
are not necessary. The hypotheses H/ and H2 are adjusted for differences between
median returns, that is, Hy: Mcpyy = Myc and Hy: Mc.sgir = Myc, and Mood’s median
test® is applied with asymptotic’ z test statistics®:

_ U-nt/N
Jmm,t(N 1)/ N3 ’

Z*

(18)

¢ Gibbons and Chakraborti (2003) explain the test in detail, page 247.
7 For large N the hypergeometric distribution approaches the binomial one and the asymptotic distribution
is approximately standard normal.

8 Two-tail rejection region: I z*| > Zopn

18



where N is the total number of observations, n; and »;, are the number of observations in
the two samples, U is the number of observations less than the grand median, and ¢ is

equal to N/2, if N is even, or (N-1)/2, if N is odd.

The null hypothesis that trading rules generate random signals implies identical
distributions of buy signal and sell signal returns. To test this, Wilcoxon rank-sum test’
is employed, and the hypothesis H3 is adjusted for equality between any two
corresponding locations, that is, Hy: 6 = 0. The test statistic'® is:

& (19)

where i is the simple weights and Z; is the indicator random variable and rank-order

statistics of the combined samples.
2.2. Adjustment for Risk
The notion of risk-adjusted returns is fundamental for the precise evaluation of trading

strategies, because it demands comparison of returns at equal level of risk. Neely (2001)

argues that a number of studies on the topic leave unclear implications for the Efficient

? Gibbons and Chakraborti (2003) explain the test in detail, page 298.

' Two-tail rejection region: W, = n(N+D) + [é +2,,, /n_,ni%il_)_ ],
2

where the p-value is the smaller of:

1-n(N+1) 1+n(N+1)
+——_ —_——
@, @y 5

o 2 or 1-Q
12 12
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Market Hypothesis (EMH), because the simple comparison of mean returns is not
sufficient to evaluate the usefulness of the models. Brown, Goetzmann and Kumar
(1998) emphasise the importance of risk adjustment by pointing a study by Alfred
Cowles, which led to the development of EMH and which apparently was flawed,

because the difference in the relative risk had not been taken into account.

This study controls for risk using the Sharpe ratio (Sharpe, 1966) and Jensen
measure (Jensen, 1968). Both require the calculation of excess returns, which are defined
as conditional or unconditional returns minus the risk-free interest rate:

Ao ln(l+r,)
ER' =E(R"c,uC)=R"- — L=~
[ =ER|CUC)=R'-> —

) (20)
where ER is the excess return over risk free rate, C and UC are the conditional and

unconditional return and ry is the annualised risk free rate at the end of the previous

period.

Considered as a standard return-risk measure (Schwager, 1996), the Sharpe ratio
is a reward-to-variability proportion that measures excess return per unit of risk. The

familiar ratio is written as:

SR = Her

; @1
O.ER

where gr is the conditional or unconditional mean daily excess returns and oz is the

standard deviation of returns.
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Jensen measure is derived from a CAPM model specification where ¢« is the
legitimate risk-adjusted measure of performance and f is the risk parameter (Jensen,
1968):

ER;, =0+ B ER,, +¢,, (22)

where ER¢ and ER . are the conditional and unconditional excess return series.

In the context of this study, o is the average incremental risk-adjusted return due
to predictive power of trading rules. It is employed for comparison across trading rules
and against the buy-and-hold strategy where the positive and significant intercepts are
indicative for superior performance of trading rules. The risk parameter f§ is a measure of

tendency of conditional excess returns to move in line with the market risk premia.

2.3. Adjustment for Transaction Costs

The wealth depletion effect of transaction costs borne by institutional and individual
investors is incorporated by adjusting conditional returns with 25 and 150 basis points for
every two-way transaction. One-way transaction costs apply only for trading rules with
filter bands when there is a shift from a neutral to a long or short position or vice versa.
Transaction costs, TC, are subtracted from the trading rule returns on the day they are

incurred;

Re_re, = E(R.|TC,TC/[2) = R,, ~ In(1+ TC) (23)
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The analysis also includes an estimation of the break-even two-way transaction
cost across all trading rules. For a given number of trades, the break-even is the level of
transaction costs at which mean trading rule returns are equal to mean buy-and-hold

returns:

1c® = fe~Fue (24)
N

where N is the number of two-way transactions.
3. Consistency Check

One gauge of forecast reliability is to see whether the best and worst performing trading
rules in the in-sample keep their performance ranking in the out-of-sample. Assume that
trading rules are not significantly different one from another. In this case, the probability
of a trading rule changing rank from best to worst or vice versa in a later period is equal
across all trading rules, and so combining all trading rules and using a weighted signal is
as good as any. If, on the other hand, trading rules differ significantly in performance,
then an optimal strategy will involve separating the best from the worst. To do this, the
trading rules are first ranked according to their Sharpe ratios. Then a median exact test'’
with Monte Carlo significance for differences across k independent samples is conducted.
The probability distribution for this test is a multivariate extension of the hypergeometric
distribution used in (18), and the associated test statistic'? has approximately a chi-square

distribution under the null hypothesis that all trading rules are equally effective:

' Gibbons and Chakraborti (2003) explain the test in detail, page 355.
2 One-tail rejection region: Q(N-1)/N2x". La
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25)

where N is the total number of observations, #; is the number of observations in the T
sample, u; is the number of observations in the i sample less than the grand median, and

t is equal to N/2, if N is even, or (N-1)/2, if N is odd.

The Monte Carlo simulation is performed on 10,000 sample tables in order to
estimate 99% confidence intervals for the exact significance. If Hj is rejected, this is,
trading rules are not equally effective, then the best and the worst are excluded, and the

procedure is repeated on the remaining rules until all are tested.
4. Returns and Market Volatility

Previous research provides evidence that trading rules are more effective when applied to
less developed markets (Bessembinder and Chan, 1995 and Ito, 1999, among others).
Since emerging markets are, in general, more volatile than developed markets, it can be
inferred that there is a relationship between the performance of trading rules and the
volatility of the market. This is examined by regressing excess monthly returns on the

monthly variance of returns:

2
RCt —RUCt =a+ﬁo-Mz +8t (26)

Brock, Lakonishok and LeBaron (1992) find that trading rules tend to generate

long positions when returns are high and volatility is low and vice versa for the sell
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signals. Allen and Karjalainen (1999) confirm the above patterns and hypothesize that
when volatility is low, expected returns decrease and the corresponding upward revision
of prices is picked up by the trading rules. This suggests the presence of a systematic
relationship between trading rule signal returns and volatility, which is investigated in

this study by employing the following two models:
2
R gy, =00+ BR,, +Y0,,, +¢€,,
2
Re_sprr, =0+ BRy,, +70,, +€,, 27

where Rc.puy o serz is the buy or sell signal monthly return, Ry, is the unconditional

monthly return, and 6,/ is the monthly variance.
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V. Data Samples

The data set consists of three daily time series: the Toronto Stock Exchange S&P/TSX
Composite Price Index, which is based on closing prices; the Toronto Stock Exchange
S&P/TSX Composite Total Return Index, which is based on prices adjusted for
dividends; and the average yield on 91-day Government of Canada T-bills, which is
based on weekly auctions and corresponds to Statistics Canada CANSIM series B14007.
The sample runs from the first trading day of 1977, January 3rd, to the last trading day of
2003, December 31st, for a total of 6,803 observations. The first 200 observations are set
aside for calculation of the first observation of the trading rules. The in-sample matches
Ito’s (2002), January 3rd, 1977 to December 29th, 1995, for 4,788 observations,
including the initial 200. The out-of-sample runs from January 2nd, 1996 to December
31st, 2003 for 2,015 observations. All data were obtained from the Toronto Stock
Exchange — Canadian Financial Markets Research Center Summary Information

Database (TSX-CFMRC), a product of the TSX Group.
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VI. Empirical Results

1. Summary statistics

Table I contains descriptive statistics and autocorrelation estimates for the returns. The
in-sample mean daily and total daily returns are approximately 0.0341% and 0.0484%;
the out-of-sample means are 0.0276% and 0.0342%. The in-sample returns appear to be
less volatile than the out-of-sample returns. All returns are skewed left and are
leptokurtic, and Kolmogorov-Smirnov tests reject the null hypothesis that the series are
normally distributed. There is significant positive autocorrelation between one-day
lagged in-sample returns, which however, is smaller in the out-of-sample. The

autocorrelations with two- and five-day lags are weak.

2. Trading Signals

A description of the trading signals is presented in Table II with the in-sample in Panel A
and the out-of-sample in Panel B. Results for the in-sample and out-of sample are
similar, so most of the observations here will refer to Panel A. Columns Buy, Sell and
Neutral are the number of days that correspond to long, short and out-of-market
positions, respectively. Time Long, Time Short and Time Out approximate these periods

relative to the sample’s duration.

27



8¢

9L £78 %ELL LbHSE %S9 0°00§ %Z91 €L aBpiany
0vTI LE %L'16 80ZP %¢E°¢ 0ST %0°S 0€T (01 ‘10°0 ‘007) AUL
6'6v 6 %S TL 8TE€ %S 0ST %0°C¢ 0101 (01 ‘0 ‘007) AUL
L1l ov %116 8LIY %S°€ 091 %S 0ST (01 ‘10°0 ‘0ST) YL
v'Sy 101 %L'69 861¢ %S9 00€ %8°€T 0601 (01 0 ‘0ST) HYL
8°TL €9 %G8 816¢ %89 01€ %8"L 09¢ (01 ‘10°0 ‘0S) AL
9°8T S091 %I°€ES 8EYT %L €l 0£9 %1€ 0TST (01 “0°08) UL
9°8t LT %I 8°€9¢ %0°T€ 9ozrl %679 $°6887 a8p4oay
1'8S 6L %t'8 8¢ %9°LT 8971 %0°'v9 9€6¢ (10°0 ‘00T ‘7) VINA
9'v9 1L - - %S 1€ 44 %S"89 2413 (0 00 ‘7)) VINA
€99 66 %S$'8 68€ %8°'LT vLTI %8°€9 ST6T (100 ‘00T ‘1) VINA
916 68 - - % 1€ 1824! %9°89 LYig (0°00Z ‘1) VINA
LIL 9 %L01 6V %Z'8T 761 %119 08¢ (10°0 ‘0ST ‘S) VINA
8TL €9 - - %6°€E 9661 %1°99 7€0€ (0 ‘0ST ‘S) VINA
€LE €T1 %01 99 %¥'8T 10€1 %S°19 1782 (10°0 ‘0ST ‘1) VINA
Svb €01 - - %8¢ 1SST %99 LEOE (0 °0ST ‘1) VINA
v1T 1T %L'ET 8801 %0°'8T S:14! %¢E"8Y SITT (10°0°0S ‘1) VINA
LI L9Z - - %1°6€ v6LI %609 Y6LT (0°0S ‘1) VINA
opeil/sAe  sopeil N QO awiy, [eunaN 1I0YS duIL], [ES FuoT aw], Ang [PPOA [euOnIpUO))

‘uotnsod e Suip[oy Jo sAep Jo roquinu o3eISAR JY} SI app.L[/SAD(T 'SUOHOBSURI) ABM-OM] JO JOQUINU AU} ST S9ppL] N "SARP JO Ioqunu

[e10} 3y} 0} 9A1jR]dI SABD JO Ioquinu oy} Juasaid jp.unap pue jjag ‘Ang swi] ‘sefejuaciad ur usaln “(11-1) AjpAnoadsar ‘uonisod joxiew-Jo-yno pue uoys ‘Suof
Suipjoy sAep jo Isquinu 03 puodsaLiod jp.ynaN pue a5 ‘Ang ‘spapowt (p ‘1 ‘d) gL pue (1 ‘b °d) VINA 4Aq pajerouod sfeudis xepuy 001 ansodwio) XSI/d¥FS

S661-LL6T dldueg-u] ;v pueq

s[eusig suipei],
11 ?1qeL



Moving average trading rules result in a long position being held roughly two-
thirds of the time and a short position the remain third with remarkable inter-sample
consistency. Increasing the length of the averaging period greatly reduces the number of
two-way transactions or, equivalently, increases the length of time a position is held. A
50-day moving average, for example, results in 267 two-way transactions in the in-
sample (see column N Trades) or a position being held for two to three weeks (column
Days/Trade), whereas only 71 two-way transactions occur under a 200-day rule or a
position being held for an average of about two months. The effect of filter bands is to
increase the time out of the market to about 10% without a change in the relative duration
of the long and short positions. Double crossover moving averages greatly reduce the
number of transactions, whereas filter bands almost always increase them slightly. To
see this, consider the simple VMA (1, 150, 0) model. It generates 103 two-way
transactions. Lengthening the short smoothing parameter to five days, that is, VMA (5,
150, 0), reduces the number of trades by 40% to 63, but adding a one percent filter band
increases the number of trades to 123. More importantly, trade-generating frequency is

constant in-sample and out-of sample; it is 48.6 and 49.8 days, respectively.

As expected, trading range breakouts result in far fewer two-way transactions than
moving averages and more time spent out of the market. Depending on the length of the
period used to capture local minima and maxima, roughly three-quarters of the time is
spent out of the market, and when a position is held, the duration of long positions is
about three to four times that of short positions. In contrast to moving average rules,
trading range breakouts are much more sensitive to filter bands, and the result is to

dramatically reduce the number of trades and the time spent in the market.
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3. Randomness of Buy and Sell Signals

Table III presents the in-sample and out-of-sample results of distribution-free chi-square
tests for equal proportions. Column Buy>0 contains the proportions of buy signal returns
greater than zero, and column Sel/>0 proportions of sell signal returns greater than zero.
The difference between the two is about 8 percentage points in-sample and 4 out-of-
sample, the latter attributable to a narrowing for trading range breakouts. Moving
average proportion differences decrease from 6.2335% to 5.0225%, while TRBs from
12.4285% to 3.3069%, respectively. From 1977 to 1995 all trading rules generate
significant differences between buy and sell proportions. All tests associated with
moving average rules reject the null hypothesis with risk of less than 1%. This result is
consistent with BLL and Mills (1997), among others. Out-of-sample, the differences are
highly significant for single crossover moving averages, and not significant for any of the

trading range breakouts.

Panel A of Table IV contains in-sample mean price returns where columns
M (Buy) and u (Sell) correspond respectively to buy signal mean return and sell signal
mean return. All buy signal mean returns are positive with an average daily return of
0.0854%. Applying continuous compounding for an average of 252 trading days, this is
approximately 24.01% at an annual rate. This compares with the buy-and-hold average
0f 0.0341% or about 8.97% per year. Models with lower smoothing parameters and filter

bands tend to yield higher buy signal mean returns.
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Employing standard t-test, the null hypothesis that buy signal mean returns and
buy-and-hold mean returns are equal is rejected at the 1% significance level for four of
the rules, and at 5%, and 10% for two others (see p-value G). The probabilities
associated with Mood’s distribution-free test statistic presented in column p-value M
indicate overall higher statistical significance; ten tests suggest rejection of the equality at

less than 10%, eight of which are based on moving average trading rules.

All sell signal mean returns in column u (Sell) are negative, which means that sell
signals generate positive returns in periods of negative market returns. On average
trading rules yield 16.50% at an annual rate. Filter bands improve performance of all
VMA pairs and one of the TRB rules. It does not appear that lower smoothing
parameters influence explanatory power. Interestingly, test statistics results presented in
the next two columns are stronger for sell signal returns. Nine t-tests, six of which are
based on the moving average rules, reject the null hypotheses at 5% or less, and five rules
are marginally significant. The risk of Type I Error is substantially reduced employing
distribution free test statistics; ten tests reject the equality of mean daily returns at less

than 1% significance level; three trading range break-out rules are marginally significant.

The differences between buy and sell signal mean returns are presented in column
M (Buy)-ii (Sell). This study does not consider these differences economically, but
literally, that is, as evidence of the inequality between buy signal and sell signal returns.
In general, the differences is smaller for the moving average rules than trading range

breakouts; the introduction of a filter band increases the differences; and an
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increase in the smoothing parameter decreases differences for moving averages, but
increases them for trading range breakouts. The last two columns, p-value G and p-value
W, contain t-test and Wilcoxon rank-sum test statistics. The test for equality of means is

rejected for all trading rules, with the non-parametric tests providing stronger results.

The out-of-sample results are presented in Panel B. VMA rules generate buy
signal returns of 15.68% per year, which compares to in-sample 17.09%. In contrast,
TRB rules have much weaker predictive power with an average daily return of 0.0505%.
None of the standard t-tests reject the null hypothesis that conditional and unconditional
mean returns are equal; distribution free tests have similar probability levels. TRB (50, 0,
10) model has a positive sell signal mean return; in all other cases the returns are
negative. Trading rules yield on average 9.14% at an annual basis. The differences
between buy and sell signal mean returns are all positive. TRB rules are unable to sustain
the spread, which decreases from 0.2477% to 0.0858%. In contrast, VMA rules
demonstrate remarkable consistency in their ability to produce positive and statistically
significant differences. Overall, three standard tests and five non-parametric tests reject

the null hypothesis of identical buy and sell signal return distributions.

4. Adjustment for Risk

Descriptive results regarding the risk associated with the various strategies are presented

in Table V. Risk is measured by the standard deviation of the returns and also

decomposed into buy, sell and neutral signals. It appears that returns accumulated during
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buy days are less volatile than those from sell days, and overall, none of the trading rules
is riskier than buy-and-hold. VMA and TRB rules have an average standard deviation of
0.68% and 0.7648%, which compares to 0.7683% of the passive buy-and-hold approach.
The introduction of a filter band increases long and short returns variability across all
pairs. The out-of-sample results presented in the second section of the table are

remarkably similar to the in-sample results.

In-sample and out-of-sample price and total risk-adjusted returns are presented in
Table VI. Sharpe presents the Sharpe ratio of conditional and unconditional returns.
Jensen o and 3 are the intercept and f3 coefficient of the regression model (22) with their
respective p-values. From 1977 to 1995 the average price excess returns across all trading
rules is 0.0111% or 2.87% at an annual rate (see column Excess). This compares to a
negative buy-and-hold risk premia of 0.0032% or 0.80% per year. All trading rules
outperform the buy-and-hold strategy per unit of risk where the average Sharpe ratio is
1.897%, compared to —0.4134% for the passive approach. Fifteen Jensen o are positive,
but the intercept is highly significant only for two of the moving average models, VMA
(1, 50, 0) and VMA (1, 50, 0.01), and half of the trading range break-out models: TRB
(50, 0.01, 10), TRB (150, 0, 10) and TRB (150, 0.01, 10). Rules yielding significant
intercepts are these with the highest Sharpe ratios. On a risk-adjusted incremental basis
moving average rules outperform buy-and-hold strategy with 0.0106% or 2.71%; TRB
rules yield excess return of 0.0119% or 3.04% per year. The introduction of dividend
yield leads to a marginal improvement in the average conditional excess returns and a

substantial increase in the unconditional series. The Sharpe ratio of buy-and-hold
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improves to 1.4579%, outperforming VMA (5, 150, 0), VMA (5, 150, 0.01) and VMA (2,
200, 0) models. The average Sharpe ratio across all rules is 2.3508%. Interestingly,
dividend yield increases intercepts and reduces the risk of Type I error. Noteworthy is

the result that six models have negative and highly significant betas.

The out-of-sample average daily excess returns across all trading rules is 0.0239%
or 6.208% at an annual rate, where the improvement is due entirely to the moving
average rules. The employment of total returns leads to an increase in trading rule excess
returns to nearly double the returns from buy-and-hold. All of the moving average rules
outperform buy-and-hold with an average Sharpe ratio of 3.1029%; none of the trading
range breakout rules with a filter band has a better reading than that of the passive
strategy. The Jensen measure suggests that all trading rules outperform the benchmark
since they have positive intercepts with both daily and total daily returns. However, only
VMA (1, 50, 0) and VMA (1, 50, 0.01), have highly significant o’s. The average betas

are negative where six models have both negative and highly significant risk measures.

5. Adjustment for Transaction Costs

Table VII outlines the effect of transaction costs on in-sample and out-of-sample price
and total returns. The 25 BPS and 150 BPS columns contain total mean returns with two-
way transaction costs of 25 and 150 basis points. Column >B&H presents the annualised
continuously compounded differences between trading rule and buy-and-hold returns.

Break-even is the level of transaction costs measured in basis points at which trading rule
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and buy-and-hold returns are equal. Before transaction costs all trading rules yield higher
mean daily price return than buy-and-hold from 1977 to 1995. The highest mean return
of 0.0686% is produced by VMA (1, 50, 0.01) model. At an annual rate it is
approximately 18.87% or nearly 9.90% higher than buy-and-hold. VMA (5, 150, 0),
which has the lowest mean return, outperforms buy-and-hold by 0.03% per year. Across
all trading rules, the buy-and-hold approach is outperformed by 0.0142% per day or
4.00% at an annual rate. Overall, it appears that trading rules with lower smoothing
parameters tend to yield higher returns. The introduction of filters bands improves the

performance in six of the eight trading rule pairs by at least 0.0023% per day.

Adjusting for transaction costs of 25 basis points only VMA (5, 150, 0) model is
unable to outperform buy-and-hold strategy. The best performing model is VMA (1, 50,
0.01), which delivers approximately 6.47% above unconditional return per year. On
average trading rules beat buy-and hold by 2.39%. The wealth depletion effect under
transaction costs of 150 basis points is enormous, as only TRB (150, 0.01, 10) model
generates positive return. Moving average trading rules require an average two-way
transaction cost of less than 49.85 basis points in order to be profitable. This break-even
for trading range break-out rules is about 107.65 basis points. The introduction of trading

filter bands increases the break-even points for all pairs.

Dividend yield has a substantial impact on excess returns, as trading rules

outperform buy-and-hold strategy with less than 1%. Adjustment for transaction costs of

25 basis points puts the overwhelming majority of trading rules in loosing position with
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an average negative performance of 0.71%. Among the four models that remain
profitable, VMA (1, 50, 0.01) yields the highest annual return of 3.32% above the buy-
and-hold strategy. The employment of 150 basis points extends the average loss down to
—8.36%, and none of the trading rules is able to yield profits above buy-and-hold strategy.
The break-even averages are reduced to economically insignificant 2.57 and 8.27 basis
points. However, four of the trading rules are able to outperform the buy-and-hold

strategy assuming transaction costs between 28.2 and 45.9 basis points.

The out-of-sample results are presented in Panel B. Before transaction costs
moving average mean returns are similar in-sample and out-of sample. More
importantly, the best performing model, VMA (1, 50, 0.01), persistently generates before
transaction costs excess return of about 10% per year; with 25 basis points the excess
returns are about 6.4%. Overall, it appears that VMA rules improve their performance
after transaction costs from 1996 to 2003. This is implied by the weaker wealth depletion
effect where price and total return average break-even increase from 49.85 to 88.76 and
from 2.57 to 65.55 basis points in-sample and out-of sample, respectively. In contrast,
trading range breakouts perform less consistently; average performance is halved
between samples. Four of the rules yield negative excess returns before transaction costs.
The worst performing model is TRB (50, 0,01, 10) with daily returns of 0.015% or 3.85%
at an annual rate. For TRB rules, the relationship between smoothing parameters and
returns is reversed, and the introduction of a filter band does not improve performance;

for VMA rules the results are consistent.
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7. Consistency Check

The result of the evaluation of forecast reliability is presented in Table VIII. Column
Sharpe Ranking shows the trading rules ranked according to their Sharpe ratios. N Obs is
the number of observations in each group. Column py(H) - y(L) presents the difference in
mean excess returns between the rule with the highest Sharpe ratio and the rule with the
lowest Sharpe ratio within each rank. Chi-Sq. is the test statistics from (25), and p-value
is the p-value of the test for difference among all rules within the rank. Columns Lower
B and Upper B are the lower and upper band of the 99% confidence interval calculated
with Monte Carlo simulations based on 10,000 sample tables of the corresponding p-
value. Best Model and Worst Model show the trading rules that yield the highest and the

lowest mean returns within the groups.

The in-sample test results indicate that at a 1% level of significance the null
hypothesis of equality among moving average rules is rejected as long as the two best and
the two worst performing trading rules are present. There is virtually no significant
difference among trading rules ranked from three to eight. The out-of-sample test results
are similar. Most important is that the two best and two worst performing trading rules
are the same for both samples (marked with ‘* in the last two columns). Moreover, they
do not change their ranks. In order of their performance, these models are VMA (1, 50,
0,01), VMA (1, 50, 0), VMA (5, 150, 0,01) and VMA (5, 150, 0). With respect to trading
range breakout rules, the test results suggest that there is no significant difference among

them, again, consistently in-sample and out-of sample.
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8. Return and Market Volatility

Table IX presents the full-sample results of the regression model defined in (27). Alpha
and Beta are the intercept and the slope. Columns p-value @ and p-value B correspond
respectively to the p-values of the intercept and of the slope. R-square is the coefficient
of determination of the fitted regression models. All regression models are highly
significant with p-values of the F-tests less than 0.0001 (the p-values are not shown in the
table). For all trading rules the intercept is negative, implying that without variability,
trading rule returns would be less than buy-and-hold returns. Without any exception the
intercepts are highly significant. The positive and highly significant betas suggest that an
increase in market volatility is associated with better performance of the trading rules. It
appears that an increase in smoothing parameters dampens this relationship, while the
introduction of a filter band does not have significant effect. The coefficients of

determination vary between 11.08% and 27.9%.

Full-sample results for the long and short returns modelling as given in (29) are
presented in Table X. Alpha, Beta and Gamma are the intercept and the regression
coefficients of predictor variables. Columns p-value o, p-value B and p-value
Y correspond respectively to their p-values. R-square is the coefficient of determination.
All regression models are highly significant with p-values of the F-tests less than 0.0001
(the p-values are not shown in the table). Ceteris paribus, positive buy-and-hold returns

lead to higher return from long positions and lower return from short positions and vice
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versa. Unconditional returns have greater impact on buy returns than on sell returns.
The introduction of a filter band consistently reduces this impact and increases the
importance of volatility. Both buy and sell signal returns are positively correlated to
market risk. Interestingly, it appears that market volatility has similar effects on both buy
and sell returns. The coefficient of determination implies that around half of the variation
of the conditional returns resulting from moving average rules can be explained by the
simple modelling employed in this paper. This figure is considerably lower for trading

range breakouts.
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VII. Discussion

Considering the large qualitative differences between the in-sample and out-of-sample
unconditional return distributions, the VMA rules demonstrate remarkable consistency.
Not only is their signal-generating frequency similar, 48.6 and 49.8 days, but also their
long and short positions duration is stable, 2/3 and 1/3 of the time, respectively. This is
not an accidental coincidence, as the standard and distribution-free tests provide
sufficient evidence to reject the null hypothesis that conditional models generate random
signals. The striking fact is that the accumulated returns following sell signals are all
positive and higher that risk-free rate, which indicates successful identification of
negative risk premia. This is reflected in the conditional variances where trading rule
returns are consistently less volatile than buy-and-hold returns. Noteworthy are the
negative betas associated with the best performing models, which are typical for
strategies designed to counter the market, such as those employed by hedge funds. In-
sample and out-of-sample VMA returns are effectively equal and the difference in returns
between the rule generating the highest returns and buy-and-hold strategy is consistently
around 10% at an annual rate. In many aspects, TRB rules have similar characteristics,
but less consistently so. First moment conditional returns are relatively small, which

implies that possible measurement errors cannot explain excess returns (see Appendix B).

Employing Datastream dividend-adjusted index for Canada, Ito (1999) finds that

VMA and TRB rules can be profitable under transaction costs of 1.88% and 1.09%,

respectively. In contrast, the break-even levels estimated in this study are 0.0257% and
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0.0827% for roughly the same period, using TSX data. The differences resulting from
data samples and trading strategies cannot explain the gap. Presumably, Ito (1999) fails
to distinguish between buy-sell difference and actual return. Out-of-sample break-even
transaction costs are higher, which provides evidence that VMA rules improve their
performance. This is a contradictory finding with respect to the hypothesis that trading
rules experience a weakening predictive power. TRB rules results may support this
hypothesis, but their overall out-of-sample significance is marginal. Because there is a
positive and significant relationship between conditional returns and market volatility, the
improved VMA performance is partially explained by the higher unconditional variance

out-of-sample.

The best and worst performing rules in-sample remain so out-of-sample. Table
XI contains selected measures related to the performance of VMA (1, 50, 0.01) and VMA
(5, 150, 0), which respectively yield the highest and the lowest risk-adjusted mean return
among the rules that significantly differ from one another. Employing VMA (1, 50, 0.01)
with transaction costs of 25 basis points, the buy-and-hold strategy is outperformed by
6.47 percentage points in-sample, and 6.31 percentage points out-of-sample. Use of total
returns brings these numbers down to 3.32% and 4.94%, still nontrivial. At the same
time, risk is reduced, significantly improving the overall performance. Assuming
transaction costs of 150 basis points, the best performing rule on a risk-adjusted basis
yields negative returns. Figure II depicts the evolution of dollar returns produced by
VMA (1, 50, 0.01), buy-and-hold, and T-Bills, indicating the effect that use of total

returns data and transactions costs has on performance.
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VIII. Conclusion

The results of this study are consistent with trading rules having predictive power.
Accumulating positive sell signal returns and reducing risk, VMA rules demonstrate a
degree of forecasting reliability, which cannot be attributed to chance. Evidence from the
consistency check method, a contribution of this paper, reveals that the best performing
conditional models remain so when applied to out-of-sample data. In a low-cost trading
environment, they yield economically significant excess returns over the buy-and-hold
strategy; for market participants facing high transaction costs, however, the notion of

market efficiency is valid.

It is worthwhile to investigate the predictive power of VMA rules. An interesting
alternative would be to test with individual equities and to create zero-cost portfolios by
matching buy and sell signals for different stocks. Future research may also focus on

experimenting with lower smoothing parameters or examining the effects of filter bands.
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Appendix A. Full-sample 1977-2003 Results

Table I
Summary Statistics

Full-sample price and total returns are employed. Estimation periods are excluded. Returns are calculated
as log differences (applying formulas 12 and 13). Kolmogorov-Smirnov statistics are used to test whether
returns are normally distributed where p-value corresponds to Prob > D. p (1), p (2) and p (5) are estimated
autocorrelations. For each Pearson’s lagged correlation coefficients p-values (Prob > |r[) under null

hypothesis Hy: Rho=0 are presented.

Price Return Total Return
N Observations 6603 6603
Total Return 2.118717 291188
Mean Return 0.00032087 0.00044099
Median Return 0.000628 0.000733
Minimum Return -0.120086 -0.119645
Maximum Return 0.086459 0.086460
Std Deviation 0.00871205 0.00870741
Skewness -0.9914339 -0.9952852
Kurtosis 14.2196746 14.1877191
Kolmogorov-Smirnov 0.078213 0.079063
p-value <0.0100 <0.0100
p (1) 0.16643 0.16664
p-value <.0001 <.0001
p2) 0.00187 0.00131
p-value 0.8793 0.9154
p(5) 0.03262 0.03209
p-value 0.0080 0.0091
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Table I11

Buy and Sell Proportions
Full-sample daily returns are employed. Buy>0 contains the proportion of buy signal returns greater than
zero to all buy days. Sell>0 contains the proportion of sell signal returns greater than zero to all sell days.
Difference presents the nominal difference between Buy>0 and Sell>0 proportions. The last columns
contain p-values of distribution-free chi-square test statistics 0>¢%_; o, (14) for null hypothesis Hy: 6, = 6,
= ... = 6, of equality for k proportions.

Conditional Model Buy>0 Sell>0 Difference p-value
VMA (1, 50, 0) 0.568267 0.501936 0.066330 <.0001
VMA (1, 50, 0.01) 0.579570 0.509906 0.069663 <.0001
VMA (1, 150, 0) 0.559809 0.497290 0.062519 <.0001
VMA (1, 150, 0.01) 0.561751 0.498672 0.063079 <.0001
VMA (5, 150, 0) 0.553327 0.484424 0.068903 <.0001
VMA (5, 150, 0.01) 0.555665 0.490647 0.065018 <.0001
VMA (1, 200, 0) 0.558659 0.497180 0.061479 <.0001
VMA (1, 200, 0.01) 0.559237 0.501569 0.057668 <.0001
VMA (2, 200, 0) 0.556250 0.492228 0.064022 <.0001
VMA (2, 200, 0.01) 0.557962 0.497897 0.060065 <.0001
Average 0.561050 0.497175 0.063875

TRB (50, 0, 10) 0.557909 0.513725 0.044183 0.0192
TRB (50, 0.01, 10) 0.572531 0.518182 0.054349 0.0595
TRB (150, 0, 10) 0.553996 0.550000 0.003996 0.8790
TRB (150, 0.01, 10) 0.564103 0.510714 0.053388 0.1563
TRB (200, 0, 10) 0.557881 0.561111 -0.003230 0.9115
TRB (200, 0.01, 10) 0.555804 0.508333 0.047470 0.2343
Average 0.560371 0.527011 0.033360

Average across models 0.560795 0.508364 0.052431

Buy-and-Hold 0.540512
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Table V
Variability of Returns
Full-sample conditional and unconditional returns are employed. o(Buy), & (Sell) and ¢ (Neutral) contain
standard deviations of buy, sell and neutral signal price returns. o (Model) is the standard deviation of
conditional returns. & (Buy-and-Hold) is the standard deviation of buy-and-hold strategy.

Conditional Model ¢ (Buy) o (Sell) o (Neutral) 6 (Model)
VMA (1, 50, 0) 0.007235 0.010578 - 0.008697
VMA (1, 50, 0.01) 0.007434 0.011429 0.000141 0.008099
VMA (1, 150, 0) 0.007649 0.010487 - 0.008705
VMA (1, 150, 0.01) 0.007685 0.010983 0.000095 0.008425
VMA (5, 150, 0) 0.007717 0.010400 - 0.008711
VMA (5, 150, 0.01) 0.007790 0.010879 0.000099 0.008427
VMA (1, 200, 0) 0.007647 0.010592 - 0.008706
VMA (1, 200, 0.01) 0.007737 0.010929 0.000087 0.008521
VMA (2, 200, 0) 0.007655 0.010590 - 0.008708
VMA (2, 200, 0.01) 0.007741 0.010852 0.000086 0.008487
Average 0.007629 0.010772 0.000102 0.008549
TRB (50, 0, 10) 0.007623 0.012799 0.000186 0.006696
TRB (50, 0.01, 10) 0.008911 0.015606 0.000171 0.005302
TRB (150, 0, 10) 0.007758 0.015440 0.000187 0.005621
TRB (150, 0.01, 10) 0.009090 0.018202 0.000164 0.004465
TRB (200, 0, 10) 0.007731 0.014880 0.000185 0.005093
TRB (200, 0.01, 10) 0.008905 0.016889 0.000163 0.003967
Average 0.008336 0.015636 0.000176 0.005191
Average across models 0.007894 0.012596 0.000142 0.007289
6 (Buy-and-Hold) 0.008712
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