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Abstract

We investigate an old principle proposed by market technicians
which holds that price gaps (consecutive intraday price ranges that do
not overlap) contain information about the distributions of subsequent
price movements, and, in particular, that prices will move into the gap
within days of its appearance. Since practitioners rarely base their
predictions on gaps-information alone we also investigate the extent
to which this information is conditioned on the size of the gaps, any
accompanying technical chart patterns, and trading volume. We find
substantial evidence to support the hypothesis that price gaps contain
information about future returns. We also find that the size of the gap,
and the volume of trade when the gap appears, contain additional
information. We do not find that chart patterns add to the price-gap
information in any systematic way.

*David Barr is at Durham University, UK. Jackson Wong is at Investors Intelligence,
London.



1 Introduction

Technical analysts argue that some patterns found in past movements of asset
prices contain information about future price movements; economists argue
that they do not. Both sides can appeal to theoretical foundations, with
technical analysis supported by psychological and behavioural arguments |,
and economic analysis supported by the efficient markets hypothesis. The
empirical evidence is mixed but the broad conclusion to date is that technical
analysis ‘works’ in foreign exchange markets, but not in equity markets. The
term ‘works’ is usually taken to mean that pattern-based predictions can be
used to generate excess profits, which is where the conflict with the efficient
markets hypothesis arises. A looser interpretation is that patterns have some
predictive power for the distribution of returns even if they cannot generate
profitable trades. Lo, Mamasky and Wang (2000) find evidence that this is
in fact the case for a range of standard technical patterns. In this paper
we extend this research to investigate the predictive power of ‘price gaps’
i.e. the gap between the maximum (minimum) price in one period, and the
minimum (maximum) price in the next.

Price gaps have interested technical analysts for many years (see Edwards
and Magee (1966)) and have resulted in the stylized rule that there is a ten-
dency for prices to move into a gap in subsequent trading i.e. that past gaps
act as an attractor for future prices.! While the gaps rule is typically used to
predict price levels, it has obvious potential as a predictor of their conditional
variance, which makes the Lo, Mamasky and Wang tests appropriate, and
raises the possibility that gaps data could contribute to asset price models
based on ARCH processes. The aim of this paper is to test the hypothesis
that gaps contain information about the futures prices of currencies, fixed
income securities, stock indices and commodities. We ask the following ques-
tions, (i) Do price gaps contain information about the distribution of future
price movements? (ii) Do price gaps act as a magnet for future price move-
ments? (iii) Do price gaps signal profitable trading opportunities? (iv) Do
price gaps augment information derived from standard chart patterns and
trading volumes?

We address these questions by categorizing price gaps into five standard
types, known widely as congestion, breakout, runaway, exhaustion, and is-
land gaps. We then develop simple algorithms to detect and sort the gaps

'In some circumstances gaps are treated as repellers; see Section 2 below.



before comparing conditional returns after the appearance of a gap with
unconditional returns measured over each asset-price sample as a whole, fol-
lowing Lo, Mamasky and Wang (2000).

The rest of this paper is as follows: Section 2 describes the various types
of price gap, their algorithmic identification, and the use of conditioning vari-
ables; Section 4 describes our futures data; Section 5 presents the empirical
results, and Section 6 concludes.

2 Price gaps: definitions and identification.

2.1 Causes and Types of Price Gap.

Previous research has suggested several possible causes of prices gaps, such
as the arrival of new information (Fleming and Remonola (1999a and 1999b)
and Fleming (2003)), or a clustering of buy/sell orders driven by prices hit-
ting certain technical levels.? (Osler (2003) and Kavajecz and Odders-White
(2004)3) Technical analysts have grouped price gaps into different types, each
of which offers a different prediction about subsequent price behaviour. The
main types, introduced below, are discussed further in Edwards and Magee
(1966), Schwager (1996), Bulkowski (2005) and Kaufman (2005).1

2.1.1 Congestion gaps.

Congestion gaps are commonly seen where prices appear to be constrained
between unchanged resistance and support levels before and after the gap
emerges i.e. the constraint is believed to persist after the gap has appeared.®
Since technical analysts interpret these levels as ex ante upper and lower
bounds on the range of prices subsequent to the gap’s appearance, congestion
gaps are generally predicted to be filled rapidly. Consequently, Edwards and
Magee (1966, p.211) for example, suggest that these gaps have little or no
value to traders.

2We do not investigate the causes of price gaps. The question of whether price gaps
can themselves be predicted is an interesting issue, but outside the scope of our study.

3In particular, Kavajecz and Odders-White (2004) find evidence that some technical
indicators can capture changes in the state of the limit book orders, indicators such as
moving average.

4Ex-dividend gaps are not included in the present study since their cause is clear.

5The interval bounded by the resistance and support is known as the congestion area.



2.1.2 Breakout gaps.

Breakout gaps occur where the emergence of the gap takes the price outside
an established resistance and support range. Breakout gaps typically appear
to be accompanied by increased trading volume, and by new highs (lows)
for an upward (downward) breakout gap. Edwards and Magee (1966) claim
that the probability that a price will continue its direction of movement is
increased if it has recently broken out of a range i.e. in this case the gap acts
as a repeller.

2.1.3 Runaway gaps.

Runaway gaps occur during a strong price advance or decline.® Technical

analysis predicts that prices will continue to move in the direction of the
gap, and will not reverse to cover the gap in the short-term.

2.1.4 Exhaustion gaps.

Exhaustion gaps are usually described as ‘the last gasp’ after a strong price
trend. The high or low price recorded during the exhaustion gap must be a
new high or new low. These gaps are typically accompanied by higher than
average volume, and are frequently preceded by other gaps. The ‘rule’ here
is that the gap will be filled quickly, usually within 2 to 5 days.

It is difficult to distinguish, ex ante, between runaway and exhaustion
gaps, because it is never clear whether the trend is continuing (implying a
runaway) or terminating (implying an exhaustion). Conventional wisdom is
that the probability that a gap represents an exhaustion increases with the
number of runaway gaps preceding it.

An Exhaustion Gap is seldom the first gap in a runaway move;
it is usually preceded by at least one Continuation (Runaway)
Gap. Thus, you may ordinarily assume (unless the contrary ap-
pears from other and more weighty indications) that the first gap
in a rapid advance or decline is a continuation Gap. But each
succeeding gap must be regarded with more and more suspicion,
especially if it is wider than its predecessor. Edwards and Magee
(1966, p.216)

6To quantify as a strong price movement, the prices before and on the day the runaway
gap occur should be new highs (lows) for an upward (downward) movement.
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The obvious problem for our identification algorithm is deciding how
many runaway gaps must occur before a gap can be categorized as an ex-
haustion. For simplicity, we fix the number at 1.

2.1.5 Island gaps.

An Island gap is an island of prices bordered before and after by two gaps.
Island gaps are not claimed to be a strong indicator of reversal. Rather,
they belong to minor tops in a larger chart formation, such as the head, in
the Head-and-Shoulders formation (Edwards and Magee (1966)). Given this
interpretation, island gaps are also said to predict some sort of reversion to
earlier price levels. For example, if an island top appears, the hypothesis is
that near-term” prices will decline, and vice versa.

2.2 Identification of Price Gaps

After a price gap has been detected we allocate it to one, and only one, of
the first four price gaps. If the island gap condition is satisfied, it will be
allocated to this group also.

The formal definitions are as follows, where O;, H;, L; and C; denote the
open, high, low and closing price for day ¢:

Congestion Gaps

CG indicates a congestion gap; U and D indicate up and down move-
ments, and both conditions (1 and 2) must be satisfied.

UCG1 L; > H; 4
UCG2 Ot and Ot < MaX(Ht_l, ...7Ht_10)

and

DCG1 H; < Ly
DCG2 Ct and Ot < Min(Lt_l, ceny Lt—lO)

Breakout Gaps

"We define ‘near-term’ to be 7 trading days.



UBG1 L, > H,_,4
UBG?2 Either C; or O, or L; > Max(H;_1, ..., H;_10)
UBG3 Ht > Sup(Ht, ceny Ht—lO)

and

DBG1 H;, > L, ;4
DBG?2 Either C; or O, or L; < Min(L;_1, ..., Ly_10)
DBG3 Lt < i]flf(Lt, ceny Lt—l())

Runaway Gaps

URG1 L; > H;_4

URG2a H; 5 > Max(H; : t = —2,...,—2 — k) where k =15
URG2b H; ; > Max(H; : t = —1,...,—1 — k) where k = 15
URG3 H; > sup(Hy, ..., H;_15)

and

URG1 H, < L;_;

URG2a L; 5 < Min(L; : t = —2,...,—2 — k) where k = 15
URG2b L; ; < Min(L; : t = —1,...,—1 — k) where k = 15
URG3 L; < inf(Ly, ..., Ly_15)

Ezxhaustion Gaps
UEG1 L; > H;_,

UEG2 One or more upward Runaway gaps must occur in the previous
7 days.

UEGS3 H; > sup(Hy, ..., Hi_2)

and

DEG1 H; < Ly,

DEG2 One or more downward Runaway gaps must occur in the last
7 days.



DEG’3 Lt < inf(Lt, ceny Lt—22)
Island Reversal Gaps
UIG1 Ly > H; o

UIG2 L, ; > H,
UIG3 Ht,1 > Sup(Ht, vy Ht725)

and

DIG1 L;_o > H;_4
DIG2 L, > H;_,4
DIG3 Lt—l < inf(Lt, ceey Lt_25)

2.3 Does the size of the gap matter?

We also investigate the hypothesis that the wider the gap, the more infor-
mative it is. We categorize the widths into three sizes, all of which relate to
the price range prior to the appearance of the gap.

We measure the sizes of upward and downward gaps by gapdiff, = L; —
H, y and gapdiff, = H; — L;_; respectively, and classify 3 sizes as,

1. (small) gapdiff, ; <[0;-1 — C;]
2. (medium) gapdiff, , < |H,_; — L;_1|
3. (large) gapdiff, 3 > |H; 1 — L; 1

where Oy, Hy, C; are the open price, high price and close price at time ¢
respectively.

2.4 Conditioning variables

If gaps are found to contain information about future prices it is reasonable
to suspect that this information might also be contained in other, coinci-
dent, data. If this is the case, it may be that combining the gaps data
with these other sources could provide more reliable information than the
gaps alone. We investigate two additional pieces of information: chart pat-
terns and trading volume. Our investigation of chart patterns follows that of
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Lo, Mamaysky and Wang (2000) who provide empirical evidence that such
patterns alter the empirical distribution of subsequent stock returns in U.S.
equity markets. Blume, Easley and O’Hara (1994) show that trading volume
around the time of the appearance of a gap may contain information about
subsequent price movements.

2.4.1 Chart patterns.

Before searching for patterns in the price series we smooth the data using a
local polynomial regression. This allows our identification algorithm to pick
out ‘large’ patterns while ignoring the smaller ones that investors probably
treat as noise. Lo, Mamaysky and Wang (2000) also smooth the prices but
do so with Nadaraya-Watson kernel estimators. Local polynomial regressions
offer two advantages over these kernel estimators: the orders of the bias at the
boundaries and in the interior of a price series are similar, which reduces the
need to use specific boundary kernels, and we can estimate the regression
parameters using least squares. (Fan and Gijbels (1996, Chapter 3), and
Hastie, Tibshirani and Friedman (2001, Chapter 5)). ®

Given a set of extrema (eq,es, ..., €,) in a window of 30 days we iden-
tify the following chart patterns: Head-and-Shoulders, Triangle, Rectangle,
Broadening and Double. We then classify each of the identified price gaps
according to which, if any, of the chart patterns accompanies it. The results
of this classification are presented in Panel A of Table 7.

The five ‘canonical’ patterns are defined as follows (See Bulkowski (2005),
Edwards and Magee (1966) and Kaufmann (2005) for extensive descriptions
of chart patterns.), where the points (€,,_4, €3, €m—2, €m_1, €y ) are the five
extrema immediately preceding a price gap i.e. the gap itself occurs from e,
to Em+1-

Most of the patterns are used to predict the direction of movement when
prices break out of the pattern. Our investigation does not allow us to test
the accuracy of these predictions since we focus only on those breakouts
that constitute a gap and we ignore the rest. Our aim is simply to test
the hypothesis that a gap that is accompanied by a recent pattern is more
informative than a gap that appears on its own.

Head-and-Shoulders

8The details of the smoothing method are included in an appendix available on request
from the authors.




HSTOP1 ¢, is a maximum.
HSTOP2 ¢,,_5 > €,,_4 and €,,,_o > €,,
HSTOP3 max|e; — €| < 0.005 x €, where i = (m — 4, m) and € =

em—4+em
2
HSTOP4 max|e; — €| < 0.005 x €, where i = (m — 3,m — 1) and
= em—3t+em—1
2

and

HSBOT1 ¢, is a minimum.
HSBOT2 ¢, 2 < ¢4 and ¢,,_2 < €,,
HSBOT3 max|e; — é| < 0.005 x e, where i = (m — 4, m) and € =

em—4+em
2

HSBOT4 max|e; — €| < 0.005 x e, where i = (m — 3,m — 1) and
S __ em—3tem_1
2

Triangle

TTOP1 e, is a maximuim.

TTOP2 ¢,,_4 > €p—2 > €, and €,,,_3 < €1

and

TBOT1 ¢, is a minimum.

TBOT2 e, 4 <€, o <e,and e, 3> e, 1
Rectangle
RTOP1 ¢, is a maximum.

RTOP2 max |e; — e| < 0.005 x €, where i = (m — 4, m — 2, m) and

em—4+em—2+tem

€=
3
RTOP3 max|e; — e < 0.005 x €, where ¢ = (m — 3,m — 1) and
é — em—3tem—1

2
RTOP4 min(e,,_4, €2, €m) > max(€m_3, €m_1)

and



RBOT1 ¢, is a minimum.
RBOT2 max|e; — e| < 0.005 x €, where i = (m —4,m —2,m) and

em—4tem—2+em

€= 3

RBOT3 max

__ em— 3+€7n 1

e; — el < 0.005 x &, where i = (m — 3,m — 1) and

RBOT4 max(e,,_4, €m_2, €m) < min(e,,_s, €,_1)
Broadening

BTOP1 ¢, is a maximum.

BTOP2e¢,, 4 <eé€,_2<e,ande,_3<eén,_1
and

BBOT1 ¢, is a minimum.

BBOT2e¢,,_4 > ¢€,—2 > e, and €,,_3 > €,—1
Double

DTOP1 ¢, is a maximum.
DTOP2 max|e; — €| < 0.0025 x e, where i = (€top1, €rop2) and € =

€toplte€top2
2

DTOP3 max |eop1+ — €rop2t| > 15 days
and

DBOT1 ¢, is a minimum.
DBOT?2 max |e; — é| < 0.0025 x €, where i = (€pot1, €hor2) and € =

€bot1+Cbot2
2

DBOT3 max ‘ebotl,t — ebotQ,t’ Z 15 days

2.4.2 Trading volumes.

The hypothesis we seek to test is that the information content of a price gap
is reinforced if it is accompanied by a level of trading that is higher than the
recent average, which we measure arbitrarily over the previous 22 days. If
the gap-day volume is higher than this average, we have an increasing volume
(IV) price gap, the converse being a decreasing volume (DV) price gap.
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3 Empirical methods.

3.1 Sampling Conditional and Unconditional Returns

We apply the above algorithms to identify the gaps, and record the contin-
uously compounded returns over the following day, and over the period of 4
days beyond that. This provides 20 sets of conditional returns. In contrast to
standard chart patterns such as Head-and-Shoulders, detecting price gaps is
immediate since there is less controversy about their formation. In particu-
lar there is no need to wait for several days before measuring the conditional
returns, as is unavoidable in the tests of Lo, Mamaysky and Wang (2000).

For each price series, we compare the unconditional to the conditional
returns after standardising as follows

ri¢ — Mean(r; )
! ! 1
S.D.(Ti’t> ( )

where the mean and standard deviation are computed for each individual
price series.

Ziy =

3.2 Information and Statistical Tests

The specific comparisons that we make are based on a goodness-of-fit test
and the Kolmogorov-Smirnov test as proposed by Lo, Mamaysky and Wang
(2000).

For the goodness-of-fit test, the procedure is to compare the quantiles of
the conditional returns with their unconditional counterparts. The first step
is to compute the deciles of unconditional returns and tabulate the relative

frequency (0;) of the conditional returns that fall into the jth decile of the
unconditional returns:

A Number of conditional returns in decile j

b = 2)

The null hypothesis is that returns are independently and identically dis-
tributed and, therefore, that the conditional and unconditional return dis-
tributions are identical. The corresponding goodness-of-fit test statistic () is
given by:

Total number of conditional returns

0 (T; —0.10T)?
_ Mg ) L2
Q= 2 qr X9

=1

(3)
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VT(6; — 0.10) ~ N(0,0.10(1 — 0.10)) (4)

where T} is the number of observations in decile j and 7" is the total number
of observations. Asymptotic Z-values for each bin are given by (4).

The Kolmogorov-Smirnov test is derived from the cumulative distribution
functions Fi(z) and Fy(z) with the null hypothesis that F; = F,. Denote the
empirical cumulative distribution functions as F](z)

Fi(2) =

~

1 &
Yo I(Zw <2), i=1,2 (5)
T k=1

where I(-) is the indicator function and (Zy){%, and (Zy)i2, are the two
samples. The Kolmogorov-Smirnov statistic is given by the expression:

T, 2 . .
= Fi(z) - F
1= (7)) swlie) - R (©

and the p-values by:

Prob(y <z) = i (—1)*exp(—2k*z?), x>0 (7)

k=—o00

Under the null hypothesis, the statistic v should be small. An approximate a-
level test of the null hypothesis can be performed by computing the statistic
and rejecting the null if it exceeds the upper 100ath percentile for the null
distribution. (See Press et al. (2002, Section 14.3) and DeGroot (1986))

Finally, a simple t-statistic allows us to test whether the unconditional
mean returns are statistically significantly different from zero. The test-
statistic is:

z
"oV )

where Z is the mean of the normalized conditional returns, o is their standard
deviation, and 7T, is the number of observations of the conditional returns 2z
in a particular price gap. The null hypothesis is Z = 0. We apply equation
(8) to all mean returns.
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3.3 Nonparametric Bootstrapping

We construct empirical distributions of the number of price gaps using the
simple nonparametric bootstrap discussed in Levich and Thomas (1993).
‘Nonparametric’ here refers to the fact that we are not imposing any form
of statistical distribution on the time series.” We then use the empirical
distributions to test whether there is anything unusual about our samples in
terms of the number of gaps that appear.

The sampling procedure is as follows:

1. Given n returns, we scramble these returns to form a new n-dimensional
array, and rebase each one to an initial price of 100. We sample without
replacement, so that the unconditional distributions of each bootstrap
is identical to those of the associated actual return, and the initial and
final prices are the same as the original sample data.

2. We apply the price gap identification algorithm to the scrambled prices
to form an empirical distribution for the number of gaps detected, and
the distribution of normalized conditional returns up to five days after
a price gap is detected. The procedure is repeated 1000 times.

3. We compare the actual number of price gaps with this distribution.

If there is nothing unusual about the numbers of gaps in our samples they
should not be significantly different from the numbers of gaps obtained for
the shuffled series. We set the rejection criterion at 10%.

4 Data

We use at least 10 years of daily futures prices for each of 28 contracts based
on currencies, fixed income, stock index and commodities, giving a total of
164,288 observations. We chose futures rather than underlying assets because
they are influenced less by difficulties of short selling. The consecutive price
series (which end at the expiration of their contracts) are spliced together to
create continuous price series.!® Details of the contracts in our sample are
listed in Table 1.

9 Alternatively, Brock, Lakonishok and LeBaron (1992) impose and fit random walk,
AR(1), GARCH-in-Mean and Exponential- GARCH models to stock index data.

10The continuous series are constructed by rebasing successive contract prices following
a procedure similar to that in Levich and Thomas (1993), Kho (1996) and Sullivan, Tim-
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5 Empirical Results.

5.1 The Price Gap-Fill Hypothesis.

Table 2 presents the results of applying the gap identification algorithm de-
scribed in Section 2. The first three rows in Panel A record the numbers
upward and downward price gaps, sorted according to the 10 gap patterns,
and conditioned on increasing (IV) or decreasing volume (DV). Following
this is the result for each individual futures contract, for which the first row
is the number of gaps detected and the second is the median number of gaps
from the 1000 nonparametric bootstraps.

The gaps that appears most frequently are the congestions, followed by
breakouts, runaways, exhaustions and islands. The ranking is similar for
both upward and downward gaps, and for many of the individual contracts.
The numbers of upward and downward gaps are roughly equal across the
samples.

For all of the fixed-income and stock index futures, however, the number
of upward price gaps exceeds that of the downward gaps. This is due to a
general upward trend in futures prices as declining interest rates have led to
increases in bond prices over recent decades.

Price gaps appear to be more closely associated with increasing, rather
than decreasing trade volumes. For example, the total number of upward
price gaps associated with increased volume is 6,578 (57%) compared to
4,966 (43%) with decreased volume.

The number of congestion gaps (UCG and DCG) accompanied by de-
creasing volume is higher than that for increasing volume, which may sug-
gest that congestion gaps are more prone to subsequent price reversals, since
these gaps appear not to be accompanied by heavy trading. For breakout,
runaway and exhaustion gaps the numbers with increasing volume are almost
twice those with decreasing volume. For example, the numbers for UBG are
3,002 and 1,404, and for UEG 292 and 151, respectively.

The S&P 500 index futures displays the fewest gaps of the all of the
contracts; it has nearly forty percent fewer than the US Treasury 10-year
future for example. A reason for this could be that S&P is less sensitive to
news than are bond futures, possibly due to the relative illiquidity of some of

mermann and White (1999, Section V). The details are included in an appendix available
on request from the authors. All data are from Datastream.
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the components of the underlying index. Or maybe there was just less news
of relevance to stock prices in our sample period.

We cannot reject the hypothesis that the price gaps count from the actual
prices equals that of the bootstrap series, which implies that the numbers of
price gaps shown by the actual futures prices are not unusually high or low.

Panel B of Table 2 presents the percentages of gaps filled in specific
time intervals. The percentage filled within a short period of time is high,
varying from 20.70% to 33.80% for 1-day, and from 26.50% to 31.90% for the
subsequent 4 days. That is, for our sample, the probability of a gap being
filled within 5 days of its emergence was about 0.6. Additional results (not
shown in the tables) show that 70% of gaps across all categories are covered
within 20 days and 80 percent are filled within 50 days. These simple results
provides informal support for the Gap-Fill hypothesis.

Breakout gaps (UBG and DBG) have the lowest percentages filled in 1-
day, which may indicate that these gaps capture prices that are breaking out
of some important resistance or support levels and are, therefore, less likely
to be reversed.

We now ask whether this apparent tendency for gaps to be filled offers
traders the opportunity to generate excess returns. Table 3 displays the
summary statistics for normalized conditional returns for days 1 to 5 after
the price gap is identified.!! The first column is the unconditional return
normalized to zero mean and unit standard deviation. Conditional mean
returns with an asterisk are significantly different from the unconditional
means based on at 10% t-test. At the bottom of each row is the conditional
mean return for gaps accompanied by increasing (IV) and decreasing (DV)
volumes.

Four of the five mean returns for upward gaps are negative on day 1.
Thereafter however, they display no obvious bias in either direction. For
brakeout gaps, the results in row 1 of Table 3 support the earlier result that
these gaps have the lowest fill percentage at 1-day, since their conditional
1-day returns are positive and negative respectively. Moreover, the mean
returns on day 1 are both statistically significant and are the largest absolute
returns for any of the five days post-gap days.

The upward runaway gap (URG) shows some persistence in the mean
return, which is positive from day 2 to day 5, while DRG exhibits negative

HUThe results are for returns on the specified days, ie. they are not the cumulative
returns from day 1 onward.
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mean returns from day 3 to day 5. The average standard deviation of the
conditional returns for both URG and DRG are slightly higher than for the
congestion and breakout gaps. The standard deviations of the exhaustion
gaps (UEG and DEG), exceed those of the other gaps. The one-day Island
gaps misbehave in that they are contrary to the hypothesis that UIG should
have negative mean returns while DIG should have positive returns. In fact,
it is more common to see negative returns for both UIG and DIG.

Increasing volume appears to magnify the mean returns for all price gaps
over the first day. This is partially consistent with the results presented
by Cooper (1999), who finds that increasing-volume stocks exhibit weaker
reversals than decreasing volume stocks in US equity markets. Thereafter
there is no consistent pattern, which suggests that the information in trading
volumes is useful for only 1 day.

5.2 The Information Content of Price Gaps
5.2.1 Goodness of Fit Tests.

Table 4 presents the goodness-of-fit tests, aggregated across all contracts,
and sorted vertically according to gap type, from day 1 to day 5. The results
along the rows are the ten deciles of the normalized conditional returns in
percentage form. Under the null hypothesis, each bin should contain 10%
of the total. The numbers in parenthesies below each percentage are the
asymptotic z-values given in equation (4). The last column is the goodness-
of-fit Q-statistic computed using equation (3), and the number in parentheses
below the -statistic is its probability value.

The large Q)-statistics for all price gaps on day 1 (except DIG) imply
that we can reject the hypothesis that the distributions of unconditional and
conditional normalized returns are identical. As we move from day 2 to day
5, however, there is a slight increase in the p-values, especially for UCG
and UIG, implying that some of the conditional return distributions become
indistinguishable from the unconditional distributions after one day. The
highest @)-statistics are shown by the exhaustion gaps (UEG and DEG), and
lowest by the downward island gap (DIG).

One clear feature of Table 4 is the variation in the distribution of the nor-
malized returns displayed by the different gaps. For congestion and breakout
gaps, the distributions seldom venture more than 1.5 percentage points from
the null of 10.00 percent for each decile. The deviation from the null is con-
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siderably greater for runaway gaps (URG and DRG), sometimes exceeding
three percentage points. For exhaustion gaps (UEG and DEG), the percent-
age deciles range from 4.93 to 20.90: the weight of the distributions being
pushed to both tails of the distribution, suggesting that the typical finding of
excess kurtosis in returns may be conditioned by the appearance of specific
price gaps.

5.2.2 Kolmogorov-Smirnov Tests.

Table 5 presents the Kolmogorov-Smirnov two-sample distribution tests ag-
gregated across all contracts, sorted horizontally by the gap type, from day
1 to day 5. The parameter v is the Kolmogorov-Smirnov statistic given in
equation (6) and the numbers in parentheses are the probability values.

In general the results are consistent with the goodness-of-fit test though
not quite as emphatic. For the first day, 6 of the 10 gaps appear to contain
information. For congestion gaps (UCG and DCG) the p-values suggest that
any gap effects for dissipate after one day. For breakout gaps however, we
find the opposite: On day 1, both UBG and DBG produce insignificant p-
values at 0.400 and 0.111 respectively but are below 10% for days 2 to 5. This
suggests that prices continue to behave abnormally for a few more days after
the penetration of key support or resistant levels. For the effects of runaway
gaps (URG and DRG) appear to dissipate by days 3 and 1 respectively. The
results for exhaustion price gaps (UEG and DEG) are fairly strong, with
p-values that are statistically significant (ranging from 0.000 to 0.064) for all
days. Both the goodness-of-fit and the Kolmogorov-Smirnov tests suggest
the presence of useful information in the exhaustion gaps.

As with the goodness-of-fit tests, the only price gaps that do not appear
to contain any information at all are the islands. This also confirms Edwards
and Magee’s observation, described earlier, that island gaps are very difficult
to identify in real time.

While the results in Table 5 (rows 3 and 5) support the hypothesis that
increasing or decreasing volumes add to the information in the price gaps,
there is no clear pattern to this. For example, the significant result for
the upward runaway appears to arise in the context of increasing, but not
decreasing, volume. For the downward runaway it is less clear cut with both
volume-based measures being significant at 10%. Nevertheless, of the 21
cases in which the test indicates the presence of information, 12 appear to
be related to increasing volume, 4 are related to decreasing volume, and 5
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appear to be independent of volume changes.!?

5.3 Does the Size of the Price Gap Matter?

Table 6 presents the results categorized by size. The first three lines show
the price-gap counts for each size: For each type, the small gaps are the most
common, followed by medium and large.

For exhaustion gaps (UEG and DEG) the proportion of large gaps exceeds
25%, and is greater than for the others. For the breakaway gap, for example,
the percentage for large over the total sample is % ~ 17.36 percent and
% ~ 17.17 percent for upward and downward gap respectively.

The remainder of Table 6 presents summary statistics and information
test results for each size. Asterisks by the p-value and t—-statistics indicates
significance at 10%.

We noted previously that the mean returns on UCG, UBG, URG and
UEG are statistically significantly negative on day 1, which results from
price reversals that cover the gaps. When we split the gaps by size, some

interesting results emerge:

1. The congestion gap (UCG) mean returns are negative for all sizes, and
the mean return for small gaps is larger than for the other sizes. This
suggests that a contrarian strategy might be profitable here.

2. All upward breakout gaps have positive mean returns and all downward
breakout gaps have negative mean returns, suggesting that a trend-
following strategy is appropriate following all breakout gaps.

3. For both upward runaway and exhaustion gaps, the mean returns for
small and medium gaps are negative, but those for large gaps are posi-
tive. Moreover, the mean return for the large gaps is the largest of the
three. This pattern is reversed for the downward runaway and exhaus-
tion gaps. This suggests that if the size of the price gap is large enough,
then a strong momentum effect tends to follow. The large standard de-
viations for large runaway and exhaustion gaps also implies that these
momentum effects are accompanied by increased volatility i.e. even
though traders can earn higher expected returns by trading the URG,
UEG, DRG and DEG price gaps, these higher returns are accompanied

12This observation is based on the set of test results that are significant at 10%.
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by higher risk (as measured by standard deviation). Furthermore, a ca-
sual look at the pattern count for large gaps of these types shows that
it is not a large number. It is undoubtedly fairly difficult to trade all
these gaps over twenty-eight futures contract over a span of 25 years.

4. All large downward gaps (DCG, DBG, DRG and DEG) show negative
mean returns i.e. downward momentum effects are strong when the
size of the downward gap is large.

For the Exhaustion gaps (UEG and DEG), all the @@ and ~ statistics
are significant at 10% for all sizes at day 1. After day 1, however, only the
large gaps show significant ) and ~ statistics consistently for five days. The
returns for large gaps show the most consistent direction, which is negative
for DEG and positive for UEG (except day 5). Lastly, Island gaps (UIG and
DIG) have very unreliable results for all days, which is consistent with our
earlier findings.

In summary, the results here support the hypothesis that the size of the
price gap contains information about the price movement on day 1 but that
this generally dissipates by day 2. The effects exhibited by exhaustion gaps
appear to be consistent with the momentum effects found by Jegadeesh and
Titman (1993, 2001) in US equity markets, and Moskowitz and Grinblatt
(1999) for specific industries.

5.4 Conditioning on Chart Patterns

Table 7 presents the results for price gaps conditioned on chart patterns.
Panel A presents the count for each of the gap-pattern pairs. Panel B
presents the mean and standard deviation for returns conditioned on each
pair, followed by the goodness of fit test (Q)) and Kolmogorov-Smirnov test
(y) results.

For upward Congestion gaps (UCG), the most frequent pattern is the rect-
angle (RBOT, RTOP), followed by Head-and-Shoulders and Doubles. The
difference in the pattern count between RBOT (432) and RTOP (405) is low.
For upward breakout gaps (UBG), the largest count is RBOT (631), followed
by HSBOT (469) and TBOT (219). Similarly, for downward breakout gaps
(DBG), RTOP (492) has the largest count, followed by HSTOP (394) and
TTOP (235).

For upward congestion gaps, the total number of bottom patterns (HS-
BOT, RBOT, TBOT, BBOT, DBOT) is 1,102 and the total number of top
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patterns (HSTOP, RTOP, TTOP, BTOP, DTOP) is 997, a difference of only
105. Conversely, for upward breakout gaps, the total number of bottom chart
patterns is 1,586, but the total number of top patterns is only 315, a differ-
ence of 1,271. This implies that upward breakout gaps (and to a large extent,
runaway and exhaustion gaps) experience some form of ‘bottoming-out’ be-
fore an upward price gap occurs. The opposite is the case for downward
breakaway gaps, where prices experience some form of ‘topping’ before a
downward gap appears.

Panel B displays summary statistics and information test results for each
pattern where the test is based on a comparison of the conditional distribu-
tion for each gap-pattern pair, with the unconditional distribution for the
sample as a whole (i.e. not with the conditional distribution for a specific
gap). As in the previous section an asterisk indicates statistical significance
at 10%. Statistically significant results appear to be randomly distributed
among the gaps, and across all ten chart patterns. This suggests that no
chart pattern is capable of producing reliable results in terms of statistically
significant p-values for ) and v statistics required to reject the hypothesis
that conditional returns are similar to unconditional returns. For example,
on day 1, the @ statistic for RBOT is significant for UCG, UBG and DBG,
but not for the rest of gaps. On day 4, the same pattern is now significant
for UIG and DEG. Furthermore, it is difficult to discover any patterns that
exhibit significant statistics for the goodness-of-fit, Kolmogorov-Smirnov and
t-tests together, even for exhaustion gaps.

The evidence suggests that chart patterns do not add to the information
available from price gaps. While the earlier results suggest that price gaps do
contain information, this appears to be spread randomly across the patterns.
This is not to say that the patterns contain no information, since they may be
informative at times when there are no price gaps, and they may contain the
same information as the gaps when they do appear. Nevertheless, conditional
on the occurrence of a gap, chart patterns appear to provide no incremental
information.

6 Conclusion

This paper investigates an old principle proposed by market technicians: the
Gap-Fill hypothesis, which holds that when a price gap occurs, it will be
filled in the near future, and that price gaps contain important informa-
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tion regarding the distributions of subsequent price movements. To test the
Gap-Fill hypothesis, we use time series of futures prices and categorize each
observed price gap into one of five types commonly used by chartists, i.e.
Congestion, Breakout, Runaway, Exhaustion and (one-day) Island. We then
categorize further according to a number of conditioning variables to reflect
the fact that practioners rarely base their predictions on gaps-information
alone. These conditioning variables are gap-size, chart patterns and trading
volume.
Several of our results contribute to the literature on technical analysis:

1. The Gap-Fill hypothesis is supported by the data: 30% of gaps are
filled on the day after they appear, another 30% are filled during the
4 days after that, and 75% of are filled within 20 days of the gap’s
appearance.

2. Price gaps contain information regarding the distribution of prices in
the days after the gaps appear, and this information appears to deteri-
orate slowly after the first day. This information appears to be related
to trading volumes but this does not appear to be related is any useful
way to specific types of gap.

3. In many cases the information derived from price gaps generates sta-
tistically significant returns on day 1, but not on subsequent days.

4. Trading volume provides useful additional information regarding sign
of the returns, but only for the first day after the gap appears.

5. The size of exhaustion gaps provides additional information that per-
sists for (at least) five days. Other types of gap show less reliable results
however.

6. Chart patterns do not add information to that already available from
price gaps.

In conclusion, we find evidence that gaps provide information about the
distribution of prices on the day after a gap occurs. This information is not
generated by all types of gaps however and where it does arise it generally
dissipates by the second day after the gap. It would be interesting to apply
these tests to intra-day data since day-traders probably rely more than any
others on technical indicators in their trading decisions.
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Table 1: Futures Contracts

Futures Contracts Sample Period  Contracts Months Observations
Currencies
US-Yen Jan. 78-Jun. 06 3,6,9,12 7184
US-CHF Jan. 78-Jun. 06 3,6,9,12 7186
US-GBP Jan. 78-Jun. 06 3,6,9,12 7184
US-AUS Jun. 88-Jun. 06 3,6,9,12 4555
US-CAN Sep. 87-Jun. 06 3,6,9,12 4744
Fixed Income
US 2Y T-Bond Jun. 90-Jun. 06 3,6,9,12 4014
US 5Y T-Bond May. 88-Jun. 06 3,6,9,12 4539
US 10Y T-Note May. 82-Jun. 06 3,6,9,12 6074
US 30Y T-Bond Jan. 78-Jun. 06 3,6,9,12 7167
EuroDollar Dec. 81-Jun. 06 3,6,9,12 6182
UK Long Gilts Dec. 82-Jun. 06 3,6,9,12 5954
JAP. JGB Dec. 86-Jun. 06 3,6,9,12 4704
AUS. 3Y T-Note May. 88-Jun. 06 3,6,9,12 4579
AUS. 10Y T-Bond Dec. 84-Jun. 06 3,6,9,12 5456
CAN. 10Y Bond  Sep. 89-Jun. 06 3,6,9,12 4211
Stock Indices
S&P 500 Apr. 82-Jun. 06 3,6,9,12 6095
FTSE 100 May. 84-Jun. 06 3,6,9,12 5593
Nikkei 225 Sep. 88-Jun. 06 3,6,9,12 4378
Dax Nov. 90-Jun. 06 3,6,9,12 3938
Commodities
Gold Jan. 79-Jun. 06 2,4,6,8,10,12 6894
Silver Jan. 79-Jun. 06 3,5,7,9,12 6908
Cotton Jan. 79-Jun. 06 3,5,7,10,12 6894
Crude Oil Apr. 83-Jun. 06 1-12 5782
Heating Oil Jul. 80-Jun. 06 1-12 6507
Cocoa Jan. 79-Jun. 06 3,5,7,9,12 6886
Coffee Jan. 79-Jun. 06 3,5,7,9,12 6880
Wheat Jan. 79-Jun. 06 3,5,7,9,12 6928
Sugar Jan. 79-Jun. 06 3,5,7,10 6882
Total Observations 164,288

Source: Datastream
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