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Abstract To Chartists, there is an axiom about the stock gap which is “gaps always
get filled soon” . However, there is a lack of sufficient academic literature to discuss
this kind of issue carefully. This paper exhibits some characteristics of the gap by
collecting empirical data in Chinese and American stock markets. By applying a
detrending and random exchange process on the original data, the results reveal
that the real data series has some inherent structure behind the price variation and
the overall trend hinders the gaps’ generation and slows down the gaps’ refilling
process to a certain extent. The difference between the original data and the randomly
exchanged data after the detrending suggests that the gap-filling phenomenon may
exist in the stock markets of China and the United States.

Keywords Price gap - Gap-filling + Stock market + Random shuffling process -
Detrending

1 Introduction

Revealing universal law based on analyzing empirical data, as necessary and essential
part, has significantly promoted the considerable progress of the study on financial
markets. It is well known some stylized facts such as the fat-tailed distribution of
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returns, volatility clustering of returns, and slow decay of auto correlation in absolute
returns etc. [1, 2] have discovered and became useful tools to judge the quality of
theoretical models [3]. But, the process of discoveries and tests for new possible facts
never stopped. For instance, the power law relation between skewness and kurtosis
[4], the universal and stationary price formation mechanism [5], and spurious trend
switching [6]. Consistent empirical findings would inspire relevant theoretical work
and practical application attempts.

This paper is supposed to discuss some features about gap-filling, the interesting
but easily neglected phenomena, empirically. The stock price gaps generally refer
to the presence of a “vacuum” on candle chart, which resulted from the difference
between the highest and lowest prices. Some scholars have long time noticed that
evidences as “the market abhors a vacuum and all gaps will be filled” [7]. It is
consistent with the opinion that only when a gap in the stock price be replenished in
short time, and then the stock price will continue to move forward [8]. However, until
now, there are only a few academic literatures on the gap which mainly focus on the
similarity and difference of statistics of the trade volume in transactions period such
as before, during and after the gap [9, 10]. In short, it remains as only hearsay because
there are insufficient researches in price gaps in stock markets, which deserves to be
attached more importance.

For systematically study on gap-filling phenomena, this paper adopts random-
shuffle and de-trending technology among different markets in several countries.
We attempt to answer whether a market tend to fill price gaps and whether there is
a universal law in gap-filling among different markets. What we do is a statistical
analysis, which is a very beginning of tremendous work. The sections of the article
will be arranged as follows. In Sect.?2, a brief introduction to the gap phenomenon
and our data sources will be present. In Sects. 3 and 4, a stochastic exchange process
will be presented, and the results will be compared with the empirical ones. In Sect. 5,
the statistical results of no trend data will be shown. In the last section, we conclude
and discuss.

2 Background and Data Source

2.1 Gap and Gap-Filling Phenomena

The candlestick-graph is a style of financial chart used to describe price movements
and is one of the most convenient tools to find the trend and the gap of the stock[11].
Each candlestick represents four important prices for that day: opening price, closing
price, maximum price and minimum price. In Fig. 1, it is obvious to find 4 vacancies
that appears between some adjacent bars that indicating the gaps.

Price gaps can be divided into up gaps and the down ones by jumping directions.
To form an up gap, the lowest price must be higher than the highest price of the
previous day, and a down gap is formed when the highest price is lower than the
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Fig.1 Phenomena of gap and gap-filling. The data is got from https://sg.finance.yahoo.com

lowest price of the previous day. There are 2 up gaps on 4th May and 7th May and
2 down gaps on 14th May and 29th May in Fig. 1.

A gap is filled or closed means that the price movement cover the space at a later
time. For an up gap, the lowest price on the day of filling the gap must lower or equal
to the lower boundary of the gap. For a down gap, the highest price on the day of
filling the gap must higher or equal to the upper boundary of the gap. In that case,
the “up gap 2” was filled on 30th May; the “down gap 1” and “down gap 2” were
filled on 25th May and 14th June respectively. Until the end of the period, the “up
gap 1 has not closed yet.

Gaps are meaningful for providing clues about price movements. The breakup in
price continuity implies that something important has happened to the fundamentals
or the psychology of the crowd has triggered for one stock even the whole market. By
the inception of technical analysis, these “holes” can be identified as the possibility
of its profitable exploitation by traders in the stock markets [10].

2.2 Data Description

We collected all the available stock data from Shanghai stock exchange (SHSE), the
main board of Shenzhen stock exchange (SZSE-1), the second board of Shenzhen
stock exchange (SZSE-2), New York stock exchange (NYSE) and NASDAQ stock
exchange (NASDAQ) respectively. We use backward adjusted prices to get rid of
the effect of splits and dividends. These stock markets are representative markets in
both China and the U.S.
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Table 1 Information of empirical data

Stock market | Stocks no. Time span Average trade | Source
days

SHSE 1384 2008/1/2-2017/12/29 1605.37 tushare

SZSE-1 1361 2008/1/2-2017/12/29 1751.18 tushare

SZSE-2 733 2009/12/30-2018/10/19 1098.85 tushare

NYSE 2005 2008/1/2-2017/12/29 2508.02 Yahoo

NASDAQ 1838 2008/1/2-2017/12/29 1838.76 Yahoo

“The data of China Shanghai exchange and Shenzhen exchange are provided by tushare (see more
information at http://tushare.org/)

bThe transaction data in the United States come from the Yahoo Finance (see more details on https://
finance.yahoo.com)

As shown in Table 1, a ten-year period is taken into consideration. The data pre-
processing includes deleting missing values. Yahoo provides stock data with null
values when the stock is suspended. We have deleted stocks with too many missing
or abnormal values.

3 Random Shuffling

In this subsection, we will present a randomly shuffling process. As a kind of time
series, price features both distribution and time-series characteristics such as volatil-
ity aggregation and time-relevant correlation. By replacing original series with a
randomly distributed series, Random Shuffle would destroy the time-relevant cor-
relation while reserving the distribution characteristic, which is a regular method
broadly applied[12, 13]. Meanwhile, the gap-filling phenomenon reflects short-term
correlation behavior of time series, so if there does exist inherent mechanism of gap
generation and complement, we would break it by Random Shuffle. In short, by
comparing the differences in statistical characteristics of time-series between real
data and the randomly generated data, we can reveal that if the real data is dependent
in time series and then we can find the features of gap and gap-filling in real data.
As shown in Fig. 2a, the process is as follows

— Get real data and make statistics
Figure 2 is the candlestick plot of original empirical data. There are two gaps,
one is an up gap which occurred on day 2, and another one is a down gap on day
4. We define X, open, Xi closes X1,nigh and X, 1oy to indicate the opening, closing
price, highest and lowest price of a stock on the ¢th trading day respectively. For
te€[1,2,3,...,T]and T represents length of the data.

— Calculate ratios to last close
Calculating the ratios of the four prices per day to the previous day’s closing price
in turn.
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Fig. 2 Randomly switching processing: a the original data; b calculate the daily ratios to close
price on previous trade day; ¢ randomly switch daily ratios; and, d recalculate the price data from
earliest close price with the shuffling daily ratios
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In this way, we can get the relative changes of the price indices of every day.
As shown in Fig. 2b, this ratios are given on a daily mark as vector r,| =
(rt+1,open» Tt+1,closes T't+1,high> rt+1,low)'

— Randomly shuffle ratio vectors
Keep the data of the first day, and randomly rearrange the other daily’s ratio vectors.
In Fig.2b, new r3, r3, ry, ri, r¢ are shuffled from old r3, ry4, r¢, 14, r respectively.
1.€. 13 ppen = T3,0pens T3 close = T3,closes r;high = r3.high» and r3 ;.. =13 on and so
on.

— Consequently recalculate prices
The new daily prices are recalculated from the first day’s original data and the
rearranged ratios. This process should be carried out in order.
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There are no gaps in the new candlestick plot 2d. Notice that it is also possible to
generate gaps by randomly adjusting the original data that do not have a gap.

If there is an internal mechanism of gap generation and filling in the time series,
the stock prices before and after would have strong correlation. If we switch the price
sequences randomly, it will eliminate the internal structure and see different statistics
results.

4 Results of Empirical Statistics on Original Data

4.1 The Statistics of Original Data

Table?2 exhibits some meaningful statistical norms, such that (Njoy) the average
number of gaps in the 100 trade date per stock; the average and standard deviation
of T Dy and N D y;;; which presents the number of the trade days and natural days
required to fill the gap respectively; and N,,fineq is the average number of gaps
that were not filled until the end of the period. Besides, S,,, defined as the gap
size or gap width to distinguish how big one is the gap. For an up gap, the size is
St gap = X and for a down gap S ¢4 = W respectively. There
are some clear evidences that we could find from Table 2.

Xitow—Xi—1,high

1. On average, there is a gap of about 3.5-6.8 in 100 trading days. Both kinds of gaps
in the US stock exchange markets have a larger amount than Chinese markets do.
The less occurrence of the gaps in Chinese markets perhaps due to the “T+1”
trading rules and 10% restrictions. Besides, the number of unfilled gaps is also
significantly larger in America than that in China. The proportion of down gaps
in the US market is almost twice that of up gaps.

2. The average filling time is about 27.6 to 50.5 trading days, and both China and
the U.S. have a large variance. In detail, the gap-filling time of down gaps is much
longer than that of up gaps in China except SZSE-2, while it is almost the same
in the U.S. This may indicate that the development of the Chinese stock market
is relatively weak, and it requires more time to recover from the unexpected
environment impacts.

3. The average gap size is between 0.9 and 1.6%. No matter in up gaps or down
gaps, the order is the same, NASDAQ > SZSE-2 > SHSE > SZSE-1 > NYSE.

4.2 Statistical on Shuffling Data

This paper uses randomly shuffling technology to compare how far in difference of
the actual data to random series. We believe that the differences can reflect the gap-
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Table 2 Gap statistics of actual data from some stock exchanges

Gaptype |Index SHSE SZSE-1 SZSE-2 NYSE NASDAQ
Up gap Nioo 1.5579 1.6637 1.8118 3.6070 2.4547
T D 30.171 27.626 36.780 33.417 33.452

(101.634) | (89.562) | (124.639) |(124.921) |(119.584)

N Dqii 47.443 44.657 61.423 48.498 48.533

(158.724) | (143.611) |(210.110) |(181.419) |(173.702)

Saap 0.01464  [0.01446  |0.01577  |0.01021 0.01638

(0.02501) | (0.04997) | (0.01889) |(0.39952) | (0.09832)

Nunfilled 1.3721 1.7355 0.5681 6.6599 42136

Down gap | N1oo 1.9666 2.0534 2.1424 3.2272 2.1723
T Dgn 50.531 47.893 27.767 30.140 33.237

(161.448) | (150.297) |(90.522) | (108.777) | (120.140)

N Dgui 80.175 76.911 44.973 43.789 48.262

(254.046) | (238.986) | (143.906) | (158.284) | (174.473)

Saap 001137  [0.01127  |0.01271 0.00943 0.01630

(0.01391) | (0.01492) | (0.01506) | (0.01860) | (0.04216)

Nunfilled 1.7211 1.6032 34128 1.5172 1.4469

Total Nigo 3.5245 37171 3.9542 6.8342 4.6270
T D 41.531 38.822 31.896 31.869 33.351

(138.606) | (127.162) |(107.598) |(117.585) |(119.845)

N Dgui 65.707 62.474 52,511 46.274 48.405

(217.741) | (202.580) | (177.521) | (170.901) | (174.064)

Saap 001282  |0.01271 0.01403 | 0.00985 0.01634

(0.01968) | (0.03537) |(0.01689) |(0.29481) | (0.07790)

Nunfilled 3.0932 3.3387 3.9809 8.1771 5.6605

filling phenomenon. The results of statistics on shuffling data are shown in Table 3.
Comparing the Table 3 to Table 2, it can be found as follows.

1. Almost in all markets, shuffling data have more gaps than empirical data. Espe-
cially, the down gap in each market has considerable increment. The increment
degree is larger in the U.S. than that in China. It indicates that the transaction
behavior in the actual market would avoid the appearance of gaps, especially in
the U.S.

2. The time to fill an up gap change significantly. Almost all the U.S. markets take
more time to fill the gaps, which indicates that there is a certain phenomenon
of early gap-filling. However, the situation in China is quite complicated. The
average gap-filling time of down gaps in SHSE and SZSE-1 has decreased by
about 40% and the gap-filling time of up gaps has increased by around 25%. This
may indicate that the up gaps tend to be refilled while the refilling of the down
gaps is impeded. Overall, the difference on gap-filling time has been narrowed
down.
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Table 3 Gap statistics on data from randomly shuffling process

Gap type| Index SHSE | SZSE-1 | SZSE-2 | NYSE |NASDAQ
up gap |Nioo 1.6138] 1.6660| 1.7014 4.4009 3.2939

38.693*| 35.967*| 29.788| 34.442*| 34.026%*

T Dy (139.629)[(129.187)| (96.372)| (130.213)| (125.903)
ND. 61.118%| 57.823*% 48.962| 49.998% 49.391%

P (221.774)((207.958)((160.567)| (189.075)| (182.776)
5 0.01212*[ 0.01216*| 0.01243*| 0.01049*| 0.01593*
gap

(0.02400)((0.04986)|(0.01573)| (0.36743)| (0.08766)
Nungitea| 1.3171] 1.6062| 1.1744] 5.0613] 3.6147
down gap|N1oo 2.3995| 2.3731| 2.6045] 3.7991]  2.8963
39.447%| 39.023%] 30.937| 38.052%| 35.545%

TDguu (137.351)|(132.376)| (98.115)] (132.823)| (129.311)
ND. 62.368%| 62.983% 50.664] 55.295%| 51.588*

Pl 1(217.707)](214.584) |(161.983) | (193.047)| (187.646)
Suur 0.00905%] 0.00918*| 0.01052%[0.009813*]  0.01538

(0.01150)|(0.01252){(0.01263)| (0.01835)| (0.03994)
Nungitlea| 1.7934]  1.6466] 1.6485] 2.6528|  2.2409
total | N100 4.0133] 4.0391] 4.3060] 8.2001| 6.1902
39.144%| 37.763%] 30.484] 36.114%| 34.737*

TDyin (138.271)[(131.078)| (97.431)| (131.441)| (127.511)
NDju 61.865%| 60.855%| 49.992 52.452% 50.419%

W 1(219.351)((211.891)[(161.425)| (190.943)| (185.074)
g 0.01028*[ 0.01042*| 0.01128*] 0.01018*| 0.01567*
gap

(0.01770)((0.03537)|(0.01397)| (0.2708)| (0.06971)
Nungitea| 3.1105] 3.2527] 2.8229] 7.7142] 5.8556

“*means we can reject the null hypothesis that the random result is the same with the original one
at 5% significance level using Kruskal-Wallis rank sum test
bThe red letters mean bigger and blue letters mean smaller than the original results

3. Apart from NYSE, the size of the gap has been reduced to varying degrees. The
overall size of the gap is slightly reduced.

5 Result of Statistics on No-trend Data

5.1 Detrending Processing

The overall trend of the stock market does have an influence on the time of gap filling.
For example, an upward gap is difficult to be filled when prices are at rising trend,
so as to a downward gap at down trend. We use the detrending technology to get rid
of the overall trend from the individual stock by the following steps.
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— Step 1: Take the first trading day of the research period as the base period and
calculate the adjustment coefficient.

— Step 2: For the five stock markets, the adjustment coefficients are calculated respec-
tively using its market index.

— Step 3: Divide the daily four prices of each stock by the adjustment coefficient of
the corresponding date.

5.2 Statistical Result on No Trend Data and Shuffling Data

Table4 shows the statistic result of no trend data and the statistics on shuffling no-
trend data is shown in Table 5.
Comparing Table 4 to Table 2, we can find some changes.

1. The average number of both kinds of gaps increases, while the changes of unfilled
gaps are not significant. The increment in the U.S. is somewhat larger than China,

Table 4 Gap statistics of no trend data from some stock exchanges

Gap type | Index SHSE SZSE-1 SZSE-2 NYSE NASDAQ
Up gap Nigo 2.1725 3.0157 2.6894 4.2063 3.3948
T Dgn 23.039 17.871 17.976 28.351 25.705
(103.802) |(75.305) | (75.612) | (118.555) |(107.116)
N Dgui 36.464 28.729 29.685 41.165 37.312
(164.133) | (122.013) | (127.049) | (172.032) | (155.528)
Seap 0.01250  |0.01174  |0.01352  [0.00839  |0.01511
(0.02356) | (0.02678) | (0.01858) |(0.03122) | (0.08566)
Nanilled 1.1185 2.0154 0.8595 2.3461 1.6823
Down gap | Nioo 2.2705 3.2461 2.8684 4.0237 3.4649
T Din 17.818 17.208 14.654 23.315 23.573
(73.020) | (72.198) | (61.776) | (88.606) | (94.618)
N Dgui 28.417 28.034 23.903 33718 34.215
(116.132) | (116431) | (101.689) |(129.397) | (137.435)
Saap 0.00811 0.00785 | 0.00889  |0.00796 | 0.01261
(0.01078) | (0.01082) |(0.01136) |(0.01643) | (0.03356)
Nunilled 1.3208 1.4798 1.3656 4.7450 4.8997
Total Nigo 4.4430 6.2618 5.5578 8.2300 6.8597
T Dan 20.371 17.527 16.262 25.889 24.628
(89.443)  [(73.711) | (68.839) | (105.374) | (101.002)
N Dan 32.352 28.369 26.701 37.536 35.748
(141.707) | (119.152) | (114.698) | (152.784) | (146.676)
Sgap 001025  |0.00974 | 0.01111 0.00818 | 0.01381
(0.01831) | (0.02029) |(0.01543) |(0.02501) | (0.06425)
Nunilled 2.4394 3.4952 2.2251 7.0911 6.5820
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Table 5 Gap statistics on data from randomly shuffling process

Gap type| Index SHSE SZSE-1 | SZSE-2 | NYSE |[NASDAQ
up gap |Nioo 2.0299| 2.7262 2.5611] 4.4780 3.9218

24.220*  21.745 16.908| 26.276| 27.231%*

T Dy (98.993)| (94.686)| (70.481)((110.075)| (110.232)
ND. 38.434%[ 35.261%]  27.729| 38.183] 39.522%

P (157.376)((155.349)| (117.035){(159.997) | (159.973)
s 0.01165] 0.01124] 0.01191] 0.00902[ 0.01580
gap

(0.02312)[(0.02748)| (0.01630)|(0.03119)| (0.08114)
Nungitea|  1.4400] 1.9662]  1.3070] 2.6325| 1.7134
down gap|N1oo 2.6938]  3.5377|  3.3660] 4.4492] 4.0792
18.310%| 16.145]  12.951| 27.634] 24.896"

TDyuu (90.705)| (80.146)| (61.944)((116.768)| (101.430)
ND. 29.144% 25987 21.259| 40.162] 36.149*

P (144.452)((129.430)| (104.044)[(169.686)| (147.212)
Suu 0.007445( 0.007812| 0.008441| 0.008459| 0.01298

(0.009444)|(0.01015){(0.009921)|(0.01674) | (0.03299)
Nungitied|  0.7449]  0.9104]  0.8336] 3.4283] 4.4272
total | N10o 47237] 6.2639]  5.9271] 7.1105] 5.6352
20.850%| 18.582%]  14.661] 26.953% 26.041%

TDyur | (94.401)| (36.818)| (65.797)|(113.461)| (105.842)
NDjmy | 33130°] 30025 26.:101°| 30.160° 578020

| (150.212)|(141.370)| (114.698)|(164.899)| (153.608)
S 0.00927] 0.00932] 0.00996] 0.00874| 0.01433
gap

(0.01697)|(0.01985)| (0.01321)|(0.02503)| (0.06107)
Nungitea|  2.1849] 2.8766]  2.1426] 6.0608]  6.1406

“*means we can reject the null hypothesis that the random result is the same with the original one
at 5% significance level using Kruskal-Wallis rank sum test
bThe red letters mean bigger and blue letters mean smaller than the original results

whereas the SZSE-1 experience the sharpest increment. These may indicate that
the real market will avoid the appearance of gaps.

2. The time to fill a gap is significantly shorter, and the difference between the up
gaps and down gaps are narrow. It takes even less time to close a down gap than
it does to close an up gap in SHSE and SZSE-1, which means the overall trend
in these two markets hinders the refilling process.

3. As to the gap size, the changes in both China and the U.S. are not evident. The
changes go in the smaller direction, and the order of the five markets remains the
same.

Then we focus on the changes on the no-trend data after the random exchange.
Comparing Table 5 to Table 4, it can be found as follows.

1. The changes of almost all statistics after random exchange are reduced. The total
number of the gaps did not change too much, even there are less gaps in the U.S.
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2. What ever types of up or down, time to fill an gap is changed significantly. They
are almost increased after random shuffling except SZSE-2, which implies there
is a certain degree of gap filling phenomena in the original detrending data.

3. The changes in the gap sizes are statistically insignificant.

These may indicate that the patterns in the original data series have been broken
after the detrending process, so the statistic results are quite the same after the random
shuffling process, which means that the gap-filling phenomenon has something to
do with the overall trend.

6 Conclusions and Discussions

In this paper, we discussed a gap-filling phenomenon which does not receive much
attention from academic world. Specifically, we focused on the statistic character-
istics of gap and gap-filling time. Different markets were slightly different in some
statistic characteristics, such as the number of gaps, the gap-filling time, the size of
the gap and so on, but generally they are similar.

To reveal that the existed gap can be recovered in a specific pattern, we proposed
a randomly shuffling process. After the random shuffling process, we found some
significant differences in each characteristic, especially for the gap-filling time. We
can reject that most of the random results are the same as the original one at a 5%
significance level by Kruskal-Wallis rank sum test. In short, we found that the stock
market had some internal pattern in terms of gap-filling and may recognize that this
phenomena are widespread in these countries.

We use detrending technology to remove the trend of the whole market from
individual stocks. We found the changes of statistics after the random exchange
are reduced, which means that the gap-filling phenomenon may possibly be related
to the overall trend. Moreover, regardless of the trend, the number of gaps in the
U.S. market and the number of gaps that have not been filled are larger than those in
China, reflecting the high activity of the U.S. stock market, which is related to China’s
“T+1” trading rules and the daily 10% restrictions. Some differences between real
data and no-trend data suggest that the overall trend hinders the gaps’ generation and
slows down the gaps’ refilling process to a certain extent. After the detrending, the
difference between the original data and the randomly exchanged data suggests that
the gap-filling phenomenon may exist in the stock markets of China and the United
States.

Researches about gap-filling phenomenon could have some guiding significance
for stock traders. For instance, a trading strategy might be established on the possi-
bility of a stock gap being filled in future time. Therefore, it is a subsequent research
direction that to focus on the distribution of gap-filing time. Additionally, the mecha-
nism of how a gap is generated and then filled is also a question worthy of discussion.
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