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ABSTRACT 

 
This dissertation consists of three essays. Essay 1 examines and quantifies 

various components of the trading costs of stocks listed on the Stock Exchange of 

Thailand (SET). The sample includes 79 stocks actively traded in 1997. The results 

show that although traders submitting passive orders gain an immediacy price paid 

by those using aggressive orders passive traders still face a sizable opportunity cost 

when their orders are partially filled or totally unfilled. This opportunity cost more 

than offsets the benefits from the filled portions of the order; therefore, the total 

trading cost or the implementation shortfall (Perold 1988) of passive limit orders is 

generally positive. To minimize this implementation shortfall, it is best to submit the 

order at the prevailing best quote. In addition, the implementation shortfall is 

positively related to order size, order aggressiveness, and stock price volatility and 

negatively associated with firm size, stock price, and stock liquidity. 

Essay 2 examines the price behavior associated with buy and sell trades of 71 

stocks actively traded on the SET from March 2000 to June 2002. During this time, 

the market experienced three distinct conditions: bullish, bearish, and neutral. The 

study concludes that the asymmetry of permanent and temporary price impact 

between buy trades and sell trades is determined primarily by market conditions. 

Specifically, contrary to the findings in previous studies, the results show that, in 

bear market conditions, an increase in price induced by a buy trade is mostly 

temporary, but a decline in price following a sell trade is mainly permanent. 

Therefore, our results invalidate the proposition that buy trades are more informative 

than sell trades. However, for very large trades, it appears that, regardless of market 

conditions, the permanent price impact of buys is always larger than the price impact 

of sells. This finding is consistent with the hypothesis that buys are better informed 

 X
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than sells. Finally, the empirical results do not support the hypothesis that a stock’s 

history of price performance explains the buy-sell asymmetry of permanent price 

impact. 

Essay 3 examines trade sizes used by informed traders. The sample includes 

73 stocks actively traded on the SET, a pure limit order market, from January 2002 

to October 2002, which comprises two distinct market conditions: bull and bear 

markets. Using intraday data, the study finds that the “medium-to-large” size of 

trades (i.e., percentile 75 and larger) accounts for disproportionately large impacts on 

changes in traded and quoted prices. Studies conducted on U.S. markets show that 

informed traders employ trade sizes that fall between percentile 50 and percentile 95 

(Barclay and Warner 1993) and between percentile 40 and percentile 90 

(Chakravarty 2001). Therefore, our results support the hypothesis that informed 

traders on SET (a market where there is no market maker) are able to use larger-

sized trades than trades employed by informed traders in the US market where there 

are market makers who are able to screen out informed trades. 

 XI
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1.1   Introduction 

This paper analyzes trading costs incurred by market order traders and limit 

order traders and compares the costs of different order submission strategies, and 

examines the relationships between trading costs and stock/order characteristics. 

Previous studies1 that use transactional data (e.g., Trade and Quote (TAQ) data) 

focus on trading costs incurred by traders who initiate trades. These studies 

implicitly assume that trade initiators pay trading costs (e.g., effective half spread) 

for demanding immediacy, and a liquidity supplier (i.e., limit order trader) gains 

the effective spread by supplying immediacy.2 However, limit order traders incur 

implicit costs that none of those studies take into account. Limit order traders face 

risks in exchange for the spread gained from supplying liquidity. In particular, 

unlike market orders, for which execution is guaranteed, limit orders face a non-

execution risk (Cohen et al. 1981), which exposes limit order traders to opportunity 

costs. Opportunity costs may occur when a large portion of a limit order is unfilled, 

and there is an adverse selection problem associated with unfilled orders. The 

unfilled portion of a limit order usually needs to be filled later at a worse price than 

market orders that could have been submitted earlier (Handa and Schwartz 1996; 

Perold 1988; Wagner and Edwards 1993).3 Therefore, in order to obtain a better 

                                                 
1 See, for example, Bennett and Wei (2006), Berkman et al (2005), Bessembinder (1999, 
2003b, 2003c), Bessembinder and Kaufman (1997a, 1997b), Boehmer (2005), Frino and 
Oetomo (2005), Huang and Stoll (1996, 2001), SEC (2001), and Venkataraman (2001). 
2 Bodurtha and Quin (1990) show that institutional investors can reduce trading costs by 
trading patiently (e.g., by using more limit orders instead of predominantly using market 
orders). 
3 In addition, there is an adverse selection problem associated with the filled portions of 
limit orders, frequently called the winner’s curse problem, picked-off risk, or bagging cost 
(Handa and Schwartz 1996). This problem results from the option character embedded in 
limit orders (Copeland and Galai 1983). This risk is related to information-based trades 
initiated by informed market orders against limit orders (or against market makers in 
quote-driven markets), and it forces liquidity suppliers (e.g., limit order traders and market 
makers) to demand compensation, which is incorporated into the spread cost (for example, 
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understanding of limit order trading costs, it is necessary to take the opportunity 

costs from the unfilled portions of limit orders into account. 

To quantify the opportunity cost faced by limit order traders, more detailed 

data (beyond transactional data, in which only trade and quote are available) are 

required. Therefore, the present study uses order-level data (not transactional data) 

to quantify the trading costs incurred by limit order and market order traders. Costs 

computed from the order-level data are different from costs computed from 

conventional market microstructure databases (e.g., Trade And Quotes).4 In the 

data used in this study, the timing of the order is available, which enables a more 

accurate characterization of the true cost of trading stocks than would be possible 

using Trade And Quotes (i.e., TAQ) data, where only reported trade executions are 

available. That is, information about the time an order was submitted mitigates 

estimation biases that result from an inappropriate use of benchmark prices.5 More 

important, the quantity of stock sought in an order can be considered an ex ante 

quantity as opposed to the quantity of stock traded, which is an ex post quantity. 

Specifically, it is possible to evaluate and quantify the two costs of an order using 

information about an ex ante quantity: that is, the cost of the filled portion as well 

as the (opportunity) cost of the unfilled portion of an order. 

                                                                                                                                        
see sequential trade information-based models by Easley and O’Hara 1987; and Glosten 
and Milgrom 1985).  
4These costs are conceptually similar to costs computed by studies using order-level data 
about institutional equity trades. For example, see the order-level costs reported by 
Chiyachantana et al. (2004), Conrad et al. (2001) and Keim and Madhavan (1995, 1997) 
and the trade-package costs presented by Chan and Lakonishok (1995, 1997). 
5For example, the mid-point at the time an order was submitted is a more appropriate 
benchmark for measuring the trading cost than the mid-point at the time an order was 
executed (or the mid-point of the quotes in effect 5 seconds before the trade report time) 
generally used by researchers using TAQ data. See Bessembinder (2003a) and Peterson 
and Sirri (2003) for a discussion about methodological issues concerning the relative 
timing of trades and quotes used when assessing trade execution costs.  
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The study discussed in this article contributes to the existing literature on 

trading costs in the following ways. First, most studies that examine trading costs 

focus on developed markets: for example, NYSE (which has both market makers 

and public limit orders) and NASDAQ (which is a quote-driven market). 

Surprisingly, few studies have investigated less-developed markets or pure order-

driven markets6. The present examination of trading costs for orders on the Stock 

Exchange of Thailand (a centralized electronic pure order-driven market) is 

intended to fill this gap. Second, this study uses detailed data, and as a result, it is 

possible to quantify not only the trading costs incurred by the initiating side of the 

trade (e.g., price impact cost7), but also the costs incurred by the passive side of the 

trade. In particular, the study empirically quantifies the opportunity cost incurred 

by passive orders (i.e., limit orders). By adding the price impact cost of the filled 

portion and the opportunity cost of the unexecuted portion of an order (which 

results in the well-known implementation shortfall measure8), it is possible to 

examine which types of orders (i.e., market and limit orders) as well as which 

levels of aggressiveness are optimal (i.e., incur the smallest total trading cost). 

Finally, this study examines how the price impact cost, opportunity cost, and 

implementation shortfall relate to a trader’s decision variables (e.g., order 

                                                 
6 Aitken et al. (2004) compare the relative bid-ask spreads of open-outcry versus 
electronically traded markets. Their empirical evidence, based on three major futures 
exchanges that transferred trading systems of stock index futures from open-outcry to 
electronic systems, support the hypothesis that electronic trading can lower trading costs 
compared to floor-based trading. 
7 Our definition of price impact cost corresponds roughly to effective half spread used by, 
for example, Bessembinder (2003c), Bessembinder and Kaufman (1997a, 1997b), and 
Huang and Stoll (1996). 
8The implementation shortfall measure was developed and popularized by Perold (1988). 
Specifically, implementation shortfall can be computed as a weighted average of price 
impact cost and opportunity cost, where the weights are percentage filling rate and 
unfilling rate, respectively.  
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aggressiveness and order size) and exogenous factors (e.g., stock market 

capitalization, stock price volatility, stock price level, and stock liquidity). 

The results of the present study show that an aggressive (passive) order 

incurs a positive (negative) price impact cost for executed orders. In other words, a 

market order trader who demands immediacy pays a price for it, while a limit order 

trader who supplies immediacy gains that immediacy price. The results also reveal 

a sizable opportunity cost for submitting limit orders because the unexecuted 

portions of limit orders need to be filled at unfavorable prices. The opportunity cost 

of the unexecuted portions of limit orders outweighs the favorable executed price 

of the filled portions of limit orders, and as a result, the overall trading cost of a 

limit order becomes positive (i.e., incurs trading costs). In addition, there is a 

relationship between stock/order characteristics and the opportunity cost of a limit 

order. The opportunity cost is negatively related to firm size, stock prices, and 

stock liquidity, and positively related to stock price volatility and order size. This 

study uses implementation shortfall as a measure of the total trading cost, and this 

measure reveals that it is optimal to submit a limit order at the best quote: that is, a 

buy (sell) limit order at the best bid (ask). Finally, the results show that 

implementation shortfall is negatively related to firm size, stock prices, and stock 

liquidity, and positively related to firm volatility and order size. 

The present comprehensive examination of trading costs contributes to the 

burgeoning body of literature exploring trading cost. In particular, the findings of 

this study provide a deeper understanding of the nature, determinants, and 

characteristics of trading costs in a pure order-driven, less-developed market, such 

as the Stock Exchange of Thailand. Therefore, this study is of interest to regulators, 

policy makers, brokers, and individual as well as institutional traders. 
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The remainder of the paper is organized as follows: Section 1.2 provides a 

literature review and discusses the hypotheses; section 1.3 provides details about 

the data, including sample selection and method; section 1.4 presents the empirical 

results of the study; and section 1.5 contains some conclusions. 

 

1.2   Literature Review and Hypothesis Development 

Trading costs are one of the most heavily researched areas in the market 

microstructure field. The focus of studies on trading costs is diverse: For example, 

some studies (e.g., Harris and Hasbrouck 1996; Peterson and Sirri 2002) compare 

the spreads for market and limit orders placed through the New York Stock 

Exchange’s (NYSE) SuperDOT system; some studies (e.g., Cooney and Sias 2004; 

Werner 2003) compare the spreads and information about NYSE system orders, 

floor broker orders, and specialist orders; and some studies (e.g., Griffiths et al. 

2000; Harris and Hasbrouck 1996) compare the trading costs of orders with 

different aggressiveness levels. Several studies examine trading costs in futures 

markets (e.g., Berkman et al. 2005; Frino and Oetomo 2005; Kurov 2005). A large 

number of studies (e.g., Bennett and Wei 2006; Bessembinder 1999, 2003b, 2003c; 

Bessembinder and Kaufman 1997a, 1997b; Boehmer 2005; Huang and Stoll 1996, 

2001; SEC 2001; Venkataraman 2001) examine cross-exchange trading costs, 

particularly between NYSE and the National Association of Securities Dealers 

Automated Quotations (NASDAQ). Several studies (e.g., Chan and Lakonishok 

1997; Chiyachantana et al. 2004; Conrad et al. 2003; Jones and Lipson 2001; Keim 

and Madhavan 1997, 1998; Perold and Sirri 1994; Wagner and Edwards 1993) 

investigate institutional trading costs. 
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1.2.1 Determinants of Price Impact Cost, Opportunity Cost, and Total 

Trading Cost 

Previous research (e.g., Chiyachantana et al. 2004; Keim and Madhavan 

1998; Wagner and Edwards 1993) finds a number of factors that affect spreads and, 

therefore, trading costs. This study divides factors that affect trading costs into two 

main variables: (1) decision variables, that is, factors that are determined by 

investors and traders (e.g., size and aggressiveness level of an order); and (2) 

exogenous variables, that is, factors outside the control of traders (e.g., stock-

specific factors and market condition [i.e., bull, bear, or neutral]). Specifically, the 

relevant decision variables are order size and order aggressiveness level, and the 

stock-specific characteristics include market capitalization, volatility, and trading 

volume.  

An aggressive order is expected to pay a higher price impact cost than a 

passive order because aggressive order traders require immediacy, and they need to 

pay for this immediacy (Griffiths et al. 2000). This discussion leads to the 

following hypothesis: 

Hypothesis 1: The more aggressive the order, the larger the price impact (i.e., 
there is a positive relationship between the aggressiveness 
level of an order and the price impact of an order). 

 

Easley and O’Hara’s (1987) model suggests that a large-sized order incurs 

high trading costs. Keim and Madhavan (1997, 1998) provide empirical evidence 

about institutional equity trades that supports the claim that a large order has high 

price impact costs. Aggressive orders incur no opportunity cost,9 and their cost, 

                                                 
9In general, an aggressive order refers to an order that get fully executed immediately upon 
submission. Therefore, an aggressive order will not have any unexecuted portions and 
incur no opportunity costs for unexecuted portions. 
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measured by implementation shortfall (i.e., a weighted average of price impact cost 

and opportunity cost), should have the same relationship to order size as price 

impact cost. For a limit order, as the size of the order increases, it becomes more 

difficult for the order to be filled, which leads to higher opportunity cost (i.e., the 

cost of the need to eventually transact the unfilled portions, usually at unfavorable 

prices). For a limit order, the opportunity cost is the main part of its total cost; 

therefore, the larger order size of the limit order should incur higher 

implementation shortfall cost.10 These arguments lead to the following hypotheses: 

Hypothesis 2:  There is a positive (negative) relationship between the order size 
and price impact of an aggressive (passive) order. 

Hypothesis 2.1:  There is a positive relationship between the order size and 
opportunity cost of a passive order. 

Hypothesis 2.2:  There is a positive relationship between the order size and 
implementation shortfall of an order. 

 

Bessembinder and Kaufman (1997a) and Keim and Madhavan (1997, 1998) 

find that trades in large-cap stocks cost less than trades in small-cap stocks. 

Griffiths et al. (2000) examine the Toronto Stock Exchange (TSE) and find that the 

overall trading cost, measured by implementation shortfall, is higher in small-cap 

stocks than in large-cap stocks. Griffiths et al. (2000) and Wagner and Edwards 

(1993) show that an order’s filling rate is lower for small-cap stocks than for large-

cap stocks, which leads to higher opportunity costs for trades in smaller stocks. For 

a limit order, the opportunity cost is the main part of its overall trading cost. 

Therefore, a limit order’s overall trading cost, measured by implementation 

                                                 
10To compare trading costs across different aggressiveness levels, the well-known 
implementation shortfall measure (Perold 1988) is used in the present study. The 
implementation shortfall measure consists of two components: the cost of the executed 
portion of an order (i.e., price impact cost) and the cost of the unexecuted portion of an 
order (i.e., opportunity cost). 
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shortfall, is higher among small capitalization firms. These arguments lead to the 

following hypotheses: 

Hypothesis 3:  There is a negative (positive) relationship between firm size and 
the price impact of an aggressive (passive) order. 

Hypothesis 3.1:  There is a negative relationship between firm size and the 
opportunity cost of a passive order. 

Hypothesis 3.2:  There is a negative relationship between firm size and the 
implementation shortfall of an order. 

 
 

In addition, research (Copeland and Galai 1983; Foucault 1999; Harris 

1994; Ho and Stoll 1981) suggests that there are several determinants of spreads. 

These determinants therefore affect price impact cost because spread cost is a part 

of price impact cost paid by immediacy-demanding aggressive orders. Harris 

(1994) reports that there is a positive relationship between spreads and the inverse 

of stock prices, which leads to hypothesis 4:  

Hypothesis 4:  There is a positive (negative) relationship between the price 
impact of an aggressive (passive) order and the inverse of stock 
price. 

 
Foucault’s (1999) model suggests that posted spreads are positively related 

to stock volatility in a limit order market because when stock volatility increases 

the probability of being bagged becomes larger and forces limit order traders to 

demand larger compensation. Copeland and Galai (1983) show that the bid-ask 

spread is a positive function of return variance, and it is a result of the nature of the 

option embedded in limit orders. Ho and Stoll (1981) illustrate that spreads 

decrease in liquidity (when measured by dollar trading volume) and increase in risk 

(when measured by stock price volatility). Once again, because spread cost is a part 

of price impact cost paid by aggressive orders, volatility will affect price impact 

cost. These arguments lead to hypothesis 5:  

 9

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



Hypothesis 5:  There is a positive (negative) relationship between stock price 
volatility and the price impact of an aggressive (passive) order. 

 
According to the Foucault (1999) model, when the volatility of the stock 

increases, the risk of being picked off for limit order traders increases. Due to this 

reason, limit order traders post less attractive offers, and the cost of market order 

trading becomes more costly. Limit orders become more frequent than market 

orders. As a result, the proportion of limit orders in the order flow increases with 

stock volatility, and the limit order fill rate decreases with stock volatility. In 

addition, when stock volatility becomes larger, the adverse price change of the 

unexecuted portion of a limit order is likely to be larger. As a result, a limit order 

trader incurs a larger opportunity cost for more volatile stocks. This argument leads 

to hypothesis 5.1:  

Hypothesis 5.1:  There is a positive relationship between stock price volatility 
and the opportunity cost of a passive order. 

 
Aggressive orders (e.g., market orders) incur no opportunity cost (Foucault 

1999; Griffiths et al. 2000), and their cost, measured by implementation shortfall, 

should have the same relationship to stock price volatility as price impact cost. 

However, for a passive order, the relationship between stock price volatility and its 

implementation shortfall measure is an empirical question because according to the 

hypothesis 5 a passive order incurs a negative price impact cost (i.e., gains a price 

impact cost) from trading in more volatile stocks, but according to the hypothesis 

5.1, a passive order incurs a higher opportunity cost when trading in high-volatile 

stocks. For a passive order, an opportunity cost is the principal part of its total cost 

(Griffiths et al. 2000). Therefore, the implementation shortfall cost of limit orders 

should be positively related to stock price volatility (see hypothesis 5.2): 
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Hypothesis 5.2:  There is a positive relationship between stock price volatility 
and the implementation shortfall of an order. 

 
 

1.2.2   Optimal Order Submission Strategy 

Traders must decide what type of order to place when they want to buy 

shares. A market order demands immediacy from the counterparty and, therefore, 

incurs an implicit price for immediacy. On the other hand, a limit order is not 

guaranteed execution, and it faces an execution risk. To compute the cost of limit 

orders, therefore, it is necessary to consider the cost of not filling the entire order. 

In order to account for an entire transaction cost, including opportunity cost (i.e., 

the cost of not transacting), Perold (1988) develops the implementation shortfall 

measure of transaction costs.11 Using the implementation shortfall measure, Harris 

(1998) develops a model that suggests it is optimal for most traders to place limit 

orders close to the market. Harris and Hasbrouck (1996), using a sample of NYSE 

SuperDOT orders, provide empirical evidence that limit orders submitted at the 

best quotes (i.e., buy [sell] limit orders priced at the best bid [ask]) perform best.12 

Griffiths et al. (2000), using data from the Toronto Stock Exchange, reach 

conclusions that are similar to Harris and Hasbrouck (1996). However, both studies 

use data from markets with market makers. Unlike NYSE or TSE, the Stock 

Exchange of Thailand uses a centralized electronic automatching system that does 

not require designated market makers. Therefore, the present study examines 

                                                 
11See Harris (1998, 2003) for a discussion about the relative merit of the implementation 
shortfall measure.  
12The performance is based on the ex ante performance measure proposed by Harris and 
Hasbrouck (1996). The measure is conceptually similar to the implementation shortfall 
measure adopted in the present study. The only difference is that the Harris and 
Hasbrouck’s measure uses the opposite-side quote prevailing at the time the order was 
submitted as a benchmark price, while the shortfall measure used in the present study uses 
the mid-quote prevailing at the order submission time as a benchmark price. 
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whether the optimal order submission strategy reported for NYSE and TSE also 

applies to a pure order-driven market, such as the Stock Exchange of Thailand:  

 
Hypothesis 6:  An implementation shortfall is minimized when traders submit 

buy (sell) orders at the best bid (ask). 

 
 

1.3   Data and Methodology 

1.3.1   Data 

The data used in the present study are obtained from two files: an order file, 

which represents the orders submitted for all securities traded through an automatic 

order matching system (AOM) from January 2, 1997 to December 31, 1997; and a 

trade file, which records the transactions of orders submitted for all securities 

through AOM from January 2, 1997 to December 31, 1997. The data cover all 

securities traded on SET (i.e., 457 common stocks, 39 warrants, 70 unit trusts, and 

170 foreign stocks). However, in order to ensure that the limit order book has bid-

ask quotes for most periods, only 79 liquid stocks are analyzed in this study.13 

Specifically, the stocks examined in the present study must have 144 active trading 

days per year, with an active trading day defined as a day with a minimum of 25 

trades. Although the number of covered stocks is approximately 17% (79/457) of 

the whole sample of stocks traded on SET, the market capitalization and trading 

volume of the 79 selected stocks cover approximately 70% of the whole stock 

sample (i.e., 457 issues) during 199714. 

                                                 
13Ding and Charoenwong (2003) suggest that spreads of thinly traded futures contracts 
computed from days with trades are more informative than those computed from days 
without trades.  
14 As a robustness check, we re-run the entire analysis on additional 62 stocks. The results 
for the 62 stocks are generally qualitatively similar to those for the original 79 stocks. It 
may not be meaningful to perform robustness tests on all omitted firms because about two-
thirds of the omitted firms are very illiquid (i.e., most of them have no more than 5 trades a 
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The SET index plummeted during most of the sample period (i.e., 1997) as 

a result of the Asian financial crisis. Only 95 of the 247 trading days in 1997 have 

positive open-to-close price changes. As Harris and Hasbrouck (1996) suggest, 

comparisons of the performance of buy and sell orders during periods of sharply 

rising or falling trends are not meaningful. Therefore, the analysis in the present 

study is based on a return-matched subsample: 77 days15 with positive open-to-

close price changes are compared to 77 days with negative open-to-close price 

changes. Therefore, the final sample consists of 79 stocks over 154 return-matched 

days. By construction, the distribution of open-to-close returns in the final sample 

is almost perfectly symmetric, with a mean, median, and skewness of nearly 0. 

Data with several types of errors are excluded from the analyses. First, 

orders with negative spreads are deleted16. Opening transactions are also excluded 

because the opening transactions on SET occur under a call auction system, which 

differs from the continuous trading system applied throughout the rest of the 

trading day. In addition, orders submitted during morning- and afternoon-pre-

opening periods (i.e., before the batch trading of respective periods) and after the 

close of the market are excluded from the analyses. 

 

1.3.2   Methodology 

1.3.2.1  Aggressiveness Level Classification 

                                                                                                                                        
day). Instead, the criteria for stocks to be included in our analyses are relaxed. Specifically, 
we now require a stock to have 120 active trading days instead of the original 144, where 
an active trading day is a day with a minimum of 10 trades (from the original restriction of 
25 trades a day). With the relaxed restriction, those 62 firms are obtained. 
15In the present study, 77 days with positive open-to-close price changes (instead of the 
whole 95 days with positive open-to-close price changes) is selected because 18 days with 
positive open-to-close price changes cannot be matched to days with negative open-to-
close price changes. 
16 The negative spread observations are errors in data (i.e., keying errors).  
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Biais et al.’s (1995) order aggressiveness classification system is extended 

in the present study, and the orders are divided into seven different categories 

ranked by the level of aggressiveness. A Category 7 buy (sell) order is the most 

aggressive level because the order price is greater (less) than the best ask (bid) 

price, and the size of the order exceeds the depth at the best ask (bid). A Category 6 

order is the second-most aggressive level because its price is equal to the best ask 

(bid), but the size of the order exceeds the depth at the best ask (bid). A Category 5 

buy (sell) order is an order with a price that is equal to or even greater (less) than 

the best ask (bid), and the size of the order is smaller than the best ask (bid) depth. 

Although Category 5 to 7 market orders will be immediately executed, only 

Category 5 is executed in full, while Category 6 and 7 orders are executed in part, 

with the unfilled portion of the orders remaining as limit orders.17 

Categories 1 to 4 are essentially limit orders (i.e., not immediately 

executed). Category 4 orders have prices that lie between the best bid and ask. 

Category 3 buy (sell) orders have prices equal to the best bid (ask). Category 2 buy 

(sell) orders have prices less (greater) than the best bid (ask) but greater (less) than 

the third best bid (ask).18 Category 1 buy (sell) orders have prices less (greater) 

than the third best bid (ask). Only the best three quotes in real time are visible on 

SET, and a Category 1 order is invisible to participants on SET.  

 

1.3.2.2  Price Impact Calculation 

Following Griffiths et al. (2000), the price impact of an order is measured 

as the percentage change from a true or unperturbed value of a security to the 

                                                 
17To be more exact, Category 7 orders may or may not be executed in full, depending on 
the limit prices and depths at the next-step quotes. 
18The third-best quote is used as the cutoff point because it is the last quote that is shown 
on the screen and still visible to all participants on SET. 
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volume-weighted average executed prices of the shares filling the order. The 

pretrade benchmark price is used as a proxy of the true value of a security.19 In the 

present study, the pretrade benchmark is the mid-point of the quotes prevailing at 

the time of order submission.20 In particular, the price impact is mathematically 

defined as follows: 

)/.log( quotemidpriceavPI −=  for a buy order 

)./log( priceavquotemidPI −=  for a sell order 

where PI refers to the price impact of an order, av.price refers to the volume-

weighted average of the prices of the shares filling the order, and mid-quote refers 

to the mid-point quote immediately before the order is submitted. 

 

1.3.2.3  Opportunity Cost Calculation 

When a market order is submitted, execution is guaranteed. Unlike a market 

order, a limit order encounters non-execution risk. Unexecuted limit orders 

(including partially executed limit orders) cannot be neglected because they 

represent the very real costs of foregone trades (i.e., opportunity costs). To 

precisely measure these costs, however, detailed knowledge of the traders’ 

investment objectives is required. In order to calculate opportunity costs (i.e., the 

cost of not transacting), the present study uses the approach employed by Griffiths 

et al. (2000), Handa and Schwartz (1996), and Harris and Hasbrouck (1996). 

                                                 
19Alternative common benchmarks of the true value of a security include a post-trade 
benchmark, opening price, closing price, and daily volume-weighted average price 
(VWAP). The discussions about the relative merits of these benchmarks can be found in 
Harris (2003) and Chan and Lakonishok (1993, 1995). 
20Several studies (e.g., Werner 2003) use the mid-quote at the time of the execution as the 
pretrade benchmark because they do not have details about the time of order submission. 
This problem is common in studies that employ TAQ data. Using the mid-quote at the time 
of order submission is conceptually more appropriate. Therefore, the present study 
improves on these studies. 
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Specifically, a fill price is assigned to orders not completely filled because of 

expiration or cancellation. This approach assumes that the trader is precommitted 

to trade in stocks: That is, the number of shares demanded in the order is the 

trader’s desired number of shares to trade, and the unexecuted limit orders must be 

filled upon expiration or cancellation. On SET, orders that are not completely filled 

at the end of the trading day automatically expire. Therefore, it is assumed that the 

unexecuted portions of expired buy (sell) orders are filled at the closing ask (bid) 

price. In addition, if the size of the unfilled portion of a buy (sell) order exceeds the 

depth of the close ask (bid) price, the portion in excess of the available depth is 

assumed to be completely filled at the next minimum tick size step. 

A slightly different approach is used for cancelled orders. Ideally, a fill 

price assigned to the cancelled portion of an order should be the opposite-side 

quote prevailing at the time of order cancellation.21 Unfortunately, the time of 

cancellation of an order is unavailable in the data used in the present study. To 

mitigate any biases caused by the unavailability of the time of order cancellation, 

the time until order cancellation is estimated. Specifically, for each aggressiveness 

category, the time until cancellation (i.e., the duration an order is displayed until it 

is cancelled) is estimated using the average time to last fill of the executed portions 

of limit orders.22 A cancelled portion of a buy (sell) order is filled at the best ask 

(bid) price prevailing at the estimated cancellation time if the best ask (bid) price is 

greater (less) than the order price; otherwise, if the best ask (bid) price prevailing at 

the estimated cancellation time is equal to or less (greater) than the buy (sell) order 

price, the cancelled portion is assumed to be filled by a market order at the initial 

                                                 
21Griffiths et al. (2000) use the opposite quotes 5 seconds after the order is cancelled as the 
assumed fill price. 
22The figures are shown in Table 1.1.  
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submission time. As in the case of expired orders, the size of the cancelled portion 

of an order is taken into account: That is, if the size of the cancelled portion of a 

buy (sell) order exceeds the depth of the best ask (bid) price prevailing at the 

estimated cancellation time, it is assumed that the portion in excess of the available 

depth can be fully filled at the next step price. 

The approach used to assign a fill price to the uncompleted portion of a 

limit order assumes that this unexecuted portion is filled by a resubmitted market 

order that executes against the opposite-side quote at the time of order cancellation 

or expiration.23 According to Harris and Hasbrouck (1996), this approach almost 

certainly exaggerates the penalty incurred by execution failures.24 In reality, a 

fraction of the unfilled portions of expired/cancelled limit orders are replaced by 

market orders. Some of those orders, of course, are replaced instead by more 

aggressively priced limit orders, or by nothing since some limit order traders are 

reluctant to trade at different prices from their desired prices. Hence, the approach 

is most appropriate for precommitted traders: that is, those who use limit orders to 

lower their trading costs but must trade before a certain deadline (e.g., a day). 

These traders use market orders or more aggressively priced limit orders after their 

initial limit orders fail to be executed. Furthermore, it is not possible to measure the 

cost of buying/selling stocks for a very large order that uses multiple split orders 

because the originally desired size of this type of order is not known.  

                                                 
23Some may argue that assuming a market order always executes against the opposite-side 
quote overstates the true economic loss because market orders often execute at inside-
quote prices (i.e., receive price improvement). This concern is not applicable on the Thai 
stock market: That is, in the Stock Exchange of Thailand, market orders always execute at 
the quoted prices.  
24The cost of trades (i.e., opportunity cost and implementation shortfall cost) of limit orders 
computed in the present study could be overestimated, to some extent. However, the 
potential biases from the overestimation of opportunity cost do not affect the main results 
of this study. In the Optimal Order Submission Strategy section, a discussion about why 
the main results of this study will not be affected by the biases from the overestimation of 
opportunity cost is provided. 
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1.3.2.4  Implementation Shortfall Calculation 

The implementation shortfall measure (Perold 1988) is used in the present 

study to assess which aggressiveness level of orders has the lowest overall costs.25 

The implementation shortfall measure has two basic components: execution cost 

and opportunity cost. An implementation shortfall can be calculated as the 

opportunity cost of the unfilled part of an order plus execution cost (i.e., the price 

impact cost of the filled part of an order).  

 

1.3.2.5  Regression Analysis 

The following cross-sectional regression is conducted to test hypotheses 1 

to 6 while controlling for other factors: 
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where Yi denotes two measures of trading costs (i.e., price impact cost [PIi] and 

implementation shortfall cost [ISi]); PIi equals the price impact of order i, with 

ln(Pi /Mi) for buys orders and ln(Mi /Pi) for sell orders; ISi equals the 

implementation shortfall of order i; Pi equals the volume-weighted average of the 

trade price for order i; Mi equals the mid-point quote immediately before the 

submission of order i; Ii,j equals a dummy variable equal to 1 if the aggressiveness 

of order i is Category j and 0 if otherwise, where j equals {1, 2, 3, 4, 5, 6, 7}, j 

equals 1, the most passive order, and j equals 7, the most aggressive order; Buyi 

                                                 
25For the application of the implementation shortfall measure, see Chiyachantana et al. 
(2004), Griffiths et al. (2000), Perold and Sirri (1994), and Wagner and Edwards (1993), 
among others. 
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equals a dummy variable equal to 1 if a buy order and 0 if a sell order; Firmsizei 

equals the natural logarithm of the market capitalization of a firm at the end of 

1996; Volatilityi equals the standard deviation of the daily return of a stock in 1996; 

PriceInversei equals the inverse of a stock price, defined as 100 times the inverse 

of the mid-point quote prevailing at the time of order submission, (100/Mi); 

Ordersizei equals the order size divided by the average daily trading volume over 

the recent 5 trading days; AvTrdVali equals the average daily trading value of a 

stock over 1996; and c denotes the coefficient of each explanatory variable. 

 

1.4   Empirical Results 

1.4.1   Descriptive Statistics of Order Classification 

Table 1.1 presents the descriptive statistics about the order classifications. 

The total number of orders is divided evenly between buy and sell orders, with 

approximately 2.6 million orders for both buy and sell orders. Category 3 orders 

are the most frequent type of buy and sell orders, constituting slightly more than 

25% of all orders submitted. Category 5 orders are the second-most frequent type 

of orders, constituting slightly less than 25% of all orders. Category 2 and Category 

1 orders are the third- and fourth-most frequent type of orders, constituting 

approximately 20% and 16% of all orders, respectively. The two most aggressive 

types of orders (i.e., Category 7 and Category 6 orders) represent only 0.28% 

(0.26%) and 5.63% (5.86%) of all buy (sell) orders, respectively. Although small in 

terms of the number of orders, Category 7 and Category 6 orders constitute 

approximately 13.5% (15.5%) of the total buy (sell) volume (see Table 1.1, column 

6) because Category 7 and Category 6 orders have much larger average sizes 

compared to the other categories. For example, for a buy-side order, the average 
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size of a Category 6 order is 3.3 times (2 times) as large as a typical Category 5 

(Category 3) order (see Table 1.1, column 5). Table 1.1 also presents the relative 

order size, which lends further support to the fact that Category 7 and Category 6 

orders are relatively large: That is, the relative order sizes of Category 7 and 

Category 6 orders are 5.89% (5.97%) and 2.29% (2.20%) for buy (sell) orders, 

respectively.  

The analysis of Category 4 orders reveals an interesting result: In terms of 

relative order size and the average number of filling trades of executed orders, a 

Category 4 order becomes disproportionately large. For example, for the buy side, 

the average size of a typical Category 4 order is 5,183 shares, while a typical 

Category 3 order is 6,753 shares. The relative order size of a typical Category 4 

order, however, is 1.58%, which is larger than a typical Category 3 order (1.07%). 

A Category 4 order also has a higher average number of filling trades than 

Category 3 and Category 2 orders. Note also that the average size of a firm that 

attracts Category 4 orders is 32,081 million baht, which is substantially less than 

the size of firms that typically attract Category 3, 2, or 1 orders. This suggests that 

Category 4 orders are more prevalent among less-liquid (i.e., low-trading volume), 

small stocks. This result is considered intuitive because a Category 4 order is an 

order whose price is between the best bid and ask prices, a situation that is more 

prevalent among less-liquid, small stocks. 

The filling rate for sell orders is much higher than the filling rate for buy 

orders because the size of a sell order is, on average, smaller than a buy order (i.e., 

5,408 shares for sell orders and 5,993 shares for buy orders). In addition, sell orders 

are typically smaller in limit-order-type categories (i.e., aggressiveness level 1 to 

4), which are the categories that do not get executed immediately upon submission. 

 20

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



The results also show that sell orders are, on average, executed slightly more 

quickly than buy orders (i.e., 21 minutes for sell orders versus 21.8 minutes for buy 

orders).  

The average percentage of filling rate for limit order categories declines as 

order aggressiveness decreases (e.g., from Category 4 to Category 1). For example, 

for a limit buy (sell) order at the best bid (ask), approximately 42% (50%), on 

average, of the total number of shares are traded. The fill rate drops significantly 

when an order is priced away from the best quotes (i.e., Category 2 and Category 

1). The low execution rates of limit orders indicate that limit order traders face a 

substantial execution risk: that is, the risk of not getting transacted. 

The results show that the two most aggressive orders and Category 4 orders 

are more prevalent among small firms than among large firms (see Table 1.1, 

column 9). The average size of firms that attract Category 7, 6, and 4 orders are 

29,616 million baht, 33,993 million baht, and 32,083 million baht for buy orders, 

respectively, while the average size of firms that attract passive orders are more 

than 40,000 million baht for buy orders. The results also hold for sell orders. 

The average time to first execution for the three most aggressive orders is 0 

by definition, but the average time to last execution are 2.3 minutes and around 9 

minutes for Category 7 and Category 6 buy orders, respectively. For the limit-

order-type categories, the average time to disposition of executed orders is higher 

as aggressiveness decreases.  
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1.4.2   Determinants of Trading Costs 

Table 1.2 presents the price impact of executed orders. The results of buy 

orders26 indicate that the price impact increases as the aggressiveness level 

increases, supporting hypothesis 1. Moreover, the magnitude of the price impact is 

negatively related to firm size, stock price, and the average trading value of stocks, 

but it is positively related to stock price volatility and order size. For example, for 

the large firm size group, which has an average market capitalization of 56,305 

million baht (approximately US$1.4 billion), the price impact of buy orders ranges 

from 1.21% for the most aggressive orders to -4.00% for the least aggressive 

orders. For small-sized stocks with an average market capitalization of 2,889 

million baht (equivalent to US$72 million), the price impact of buy (sell) orders 

ranges from 1.63% for Category 7 orders to -6.14% for Category 1 orders.  

The results in Table 1.2 confirm hypotheses 2, 3, 4, and 5. For orders that 

result in immediate execution (i.e., marketable limit orders with aggressiveness 

levels of 5 to 7), the price impact is negatively associated with firm size, stock 

price, and average trading value of stocks, but it is positively related to volatility 

and order size (see Table 1.2). For limit orders, the converse relationships are true. 

For example, for small-capitalization, highly volatile, low-priced, less-liquid 

stocks, a market order becomes more expensive (i.e., a market order pays more for 

immediacy in these stocks), while a limit order profits more from supplying 

immediacy (i.e., the price impact of a limit order becomes more negative for these 

stocks).  

The relationship between an order size and the price impact of various 

aggressiveness levels is as expected. Large-sized market orders pay a higher 

                                                 
26The results in Table 1.2 are for buy orders only. The results for sell orders are not 
reported because they are virtually identical to the results for buy orders. 
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immediacy price than small-sized market orders. This is consistent with the result 

in Wagner and Edwards’ (1993) study. The immediacy prices paid by market 

orders are profits for executed passive orders (i.e., Category 1 to 4 orders), and 

large-sized limit orders obtain a higher immediacy price than small-sized limit 

orders. 

Table 1.3 presents the relationship between the unfilling rate and its 

determinants (i.e., stock/order characteristics) across all order aggressiveness 

levels. The results discussion, however, focuses on the relationship between the 

unfilling rate and its determinants among limit orders because the unfilling rate is 

much more relevant to limit orders (i.e., Category 1 to 4) than to market orders 

(i.e., Category 5 to 7). As seen in Table 1.3, the unfilling rate increases as order 

aggressiveness decreases. By definition, Category 5 orders have a 0 nonexecution 

rate. The average unfilling rate for Category 6 orders ranges from 3.2% to 9.1%, 

while the average unfilling rate for Category 7 orders ranges from 0% to 2.6%. For 

limit orders, the unfilling rate generally increases when orders become more 

passively priced. For example, even when the buy order matches the best bid (i.e., a 

Category 3 order), approximately 40% of the order is not filled. When the buy 

order is priced below the best bid, more than 70% of the order is not filled, which 

suggests that limit order traders encounter a considerable nonexecution risk and a 

substantial opportunity cost. Orders for small-cap/low-trading-value stocks have a 

higher unfilling rate. This is the cost of the illiquidity of these stocks. Large-

volume orders have a higher unfilling rate, reflecting the difficulty in locating 

enough shares to complete large orders. Finally, neither stock price volatility nor 

stock price has a clear impact on an order’s unfilling rate.  
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Table 1.4 reports the adverse price change of the unexecuted portion of 

orders. The adverse price change is the cost of the need to eventually fill the 

uncompleted portion of the order by an aggressive order, and it is measured by the 

adverse percentage price change from the mid-point quote at the time of order 

submission to the assigned filled price. The adverse price change measures the cost 

of adverse selection arising from the nature of the option embedded in limit orders. 

When a limit order to buy (sell) is placed, the market is given a free put (call) 

option. As a result, the market will act strategically against the limit order. The 

adverse price change captures the adverse selection cost through the trades the 

market chooses not to transact. The results in Table 1.4 suggest that the adverse 

selection problem associated with the unfilled portion of orders is more severe in 

small-cap, highly volatile, low-priced, less-liquid stocks. Finally, large orders face 

higher adverse selection problems.  

The opportunity cost shown in Table 1.5 is formed by the adverse price 

change percentage in Table 1.4 and the unfilling rate in Table 1.3. The opportunity 

cost in Table 1.5 is the product of the adverse price change percentage in Table 1.4 

and the corresponding cell of the unfilling rate in Table 1.3. Table 1.5 shows that 

there is a sizable opportunity cost associated with limit orders (i.e., Category 1 to 

4), and small-cap orders have a higher opportunity cost, consistent with hypothesis 

3.1. For example, for Category 3 orders, the opportunity cost ranges from 0.62% 

for the large-firm group to 1.39% for the small-firm group. This is also reflected by 

the high (low) unfilling rate in Table 1.3 coupled with the high (low) adverse price 

shift in Table 1.4 of small (large) firms. This result is consistent with results in 

studies conducted by Griffiths et al. (2000) and Wagner and Edwards (1993). As 

hypothesized, opportunity cost is positively related to order size (hypothesis 2.1) 
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and stock price volatility (hypothesis 5.1). Furthermore, opportunity cost is 

negatively related to stock price and negatively associated with the liquidity of a 

stock (as measured by daily average trading value). In addition, the results in Table 

1.5 show very low opportunity costs for market orders. By definition, Category 5 

orders have a 0 opportunity cost due to a 0 unfilling rate. The low opportunity costs 

of Category 6 and 7 orders are caused almost entirely by the low unfilling rates of 

these orders (see Table 1.3). The results for sell orders largely resemble the results 

for buy orders.  

The opportunity cost in Table 1.5 is the cost of the unexecuted portion of an 

order, while the price impact in Table 1.2 (and multiplied by the filling rate 

percentage) forms the cost of the executed portion of an order. The implementation 

shortfall measure (Perold 1988) combines the cost of the unexecuted portion of an 

order and the price impact and produces a total trading cost.  

Table 1.6 shows the implementation shortfall of orders, and it reveals that a 

large order (hypothesis 2.2) for small-capitalization (hypothesis 3.2), high-volatile 

(hypothesis 5.2), low-priced, low-average-trading-value stocks incurs a high 

shortfall cost. This result holds true for both market and limit orders as well as for 

all aggressiveness levels. For market orders, the price impact cost is the main part 

of the implementation shortfall cost; therefore, for market orders, the relationship 

between stock/order characteristics and the price impact cost is the same as the 

relationship between stock/order characteristics and the implementation shortfall 

cost.  

As shown in Table 1.2, a limit order gains more immediacy price from 

small-cap, highly volatile, low-priced, illiquid stocks. However, using 

implementation shortfall as a measure of trading cost for a limit order (as shown in 
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Table 1.6) produces results contrary to the results in Table 1.2. Even though an 

executed limit order obtains a higher immediacy price from small-cap, highly 

volatile, low-priced, illiquid stocks, the nonexecution rate (as shown in Table 1.3) 

and the adverse price change of the unfilled portion (as shown in Table 1.4) of a 

limit order are high in these stocks. The nonexecution cost of a limit order is so 

large that it outweighs the favorable price impact (i.e., negative price impact) of the 

executed portion, making the total trading cost, as measured by the implementation 

shortfall, of a limit order positive and high in small-cap, highly volatile, low-

priced, illiquid stocks (the relationship that is also shown in Tables 1.3 and 1.5). 

The results for a limit order show that the major cost of a limit order submission is 

the cost of not transacting. As a result, the cost of not transacting a limit order 

needs to be taken into account when comparing the transaction costs of market and 

limit orders. 

 

1.4.3   Optimal Order Submission Strategy 

As with Tables 1.5 and 1.6, Table 1.7 shows that there is a substantial 

opportunity cost for the unexecuted portion of a limit order. The cost of the 

unexecuted portion is a function of the unfilling rate of a limit order and the cost of 

aggressively trading the unexecuted portion at unfavorable prices. Consistent with 

Griffiths et al. (2000), the present study finds that the adverse price change rises 

monotonically with the level of order aggressiveness.27 Table 1.7 demonstrates that 

for a limit order (i.e., order with aggressiveness level of 1 to 4) a favorable price 

impact is always more than offset by a positive opportunity cost, and the total cost 

                                                 
27This relationship is described in a manner different from the explanation offered by 
Griffiths et al. (2000). In the present study, this relationship merely represents a 
manifestation of the assumption underlying the calculation of the opportunity cost, as 
described in the Opportunity Cost Calculation section. 
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of trading, as measured by implementation shortfall, is positive. For example, 

Category 3 orders incur a negative cost of 0.37% for the executed portion of an 

order; however, approximately 43% of Category 3 orders go unexecuted and need 

to be filled at a cost of 0.84%. Therefore, the overall cost of Category 3 orders 

becomes 0.47%.  

The implementation shortfall of market orders (i.e., orders with 

aggressiveness levels of 5 to 7) is similar in magnitude to the price impact measure 

because the dominant cost of market orders is the price impact cost (as a result of a 

very high completion rate). For Category 4 orders (i.e., a limit order that improves 

the current quote but does not result in immediate execution), the implementation 

shortfall is much higher than the implementation shortfall for the adjacent market 

order (i.e., Category 5) and the adjacent limit order (i.e., Category 3). The 

implementation shortfall value for a Category 4 order is 1.31%, while the 

implementation shortfall for Category 5 and Category 3 orders are 0.66% and 

0.47% respectively. This finding indicates that perhaps there is no advantage to 

placing this type of limit order.  

Table 1.7 shows that a limit order with an aggressiveness level of 3 has the 

minimum total trading cost when measured by the implementation shortfall cost, 

supportive of hypothesis 6.28 This result holds true for both buy and sell orders. For 

                                                 
28As discussed in the Opportunity Cost Calculation section, our assumption behind 
opportunity cost computation could result in an overestimation of the opportunity cost for 
the unfilled part of limit orders. However, such overestimation does not affect our 
empirical findings that Category 3 orders incur the minimum shortfall cost. The 
opportunity cost is the main cost for limit orders (i.e., Category 1 to 4 orders). As shown in 
Table 1.7, with an (overestimated) opportunity cost, the total cost for Category 3 orders is 
still lower than market order categories (i.e., Category 5 to 7 orders), which strengthens 
our findings. Moreover, the adverse price change (i.e., the cost of the need to eventually 
execute the uncompleted portion of the limit order) is higher for Category 3 orders than 
Category 1 and 2 orders (this observation also holds true after controlling for differences in 
stock/order characteristics, as shown in Table 1.4). Therefore, the degree of overestimation 
should be even higher in Category 3 orders than in Category 1 or 2 orders. Therefore, our 
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buy orders, the total cost of trading using Category 3 orders is 0.47%, whereas the 

total cost of trading ranges from 0.62% to 1.48% for the remaining types of orders. 

In addition, Table 1.6 shows that after controlling for various types of stock 

characteristics and order sizes Category 3 orders still offer the lowest overall 

trading cost.29 All in all, based on the results shown in Table 1.7 and Table 1.6, 

traders who want to minimize their trading costs should submit a buy (sell) limit 

order priced at the best bid (ask).  

 

1.4.4   Multivariate Analyses 

As a result of the high correlation among some regressors in equation 1, 

eight different regressions are conducted. Table 1.8 shows the results for the eight 

regressions. In panel A, the dependent variable is the price impact of executed 

orders, while in panel B, the dependent variable is the implementation shortfall of 

all orders (i.e., fully executed, partially executed, and unexecuted orders). Like the 

univariate results in Table 1.2, the multivariate results in panel A, Table 1.8 show 

that price impact is positively and significantly related to the aggressiveness level 

of an order (i.e., the intercept terms increase in value from C1 to C7). The chi-

square tests suggest that the null hypothesis of the equality of the intercept terms is 

highly rejected. Panel A, Table 1.8 also indicates that for market orders (limit 

orders) price impact is negatively (positively) related to FirmSize. Again, the chi-

square tests suggest that the null hypothesis of equality of the coefficients C15 to 

C21 is highly rejected. Furthermore, the most aggressive and passive types of orders 

                                                                                                                                        
findings that Category 3 orders have the minimum shortfall cost should not be affected (or 
even become stronger). 
29In the multivariate analyses, the total trading cost among various aggressiveness levels is 
compared by simultaneously controlling for differences in stock/order characteristics, and 
this comparison shows that Category 3 orders incur the lowest total trading cost after these 
differences are controlled. 
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(i.e., Category 7 and Category 1) exhibit the greatest sensitivity of price impact to 

FirmSize, as suggested by the magnitude of C15 and C21 compared to C16 to C20. 

This finding indicates that price impact is more sensitive to firm size for highly 

aggressive or highly passive orders than for less aggressive or less passive orders. 

Panel A, Table 1.8 shows that for market orders (limit orders) price impact 

is positively (negatively) related to Volatility. Therefore, limit order traders benefit 

more from volatile stocks, and as a result, market order traders pay a higher 

immediacy price for volatile stocks. This is consistent with Foucault’s (1999) 

model, which suggests that an increase in stock volatility forces limit order traders 

to ask for a larger compensation, and with Copeland and Galai (1983), who 

demonstrate that the bid-ask spread is a positive function of return variance as a 

result of the nature of the option embedded in limit orders. Moreover, comparing 

the magnitude of C22 and C28 to the magnitude of C23 to C27 shows that the most 

aggressive and passive orders exhibit the greatest sensitivity of price impact cost to 

Volatility. This is consistent with Table 1.2, and it implies that price impact is more 

sensitive to stock price volatility for highly aggressive or highly passive orders than 

for less aggressive or less passive orders. 

For market orders (limit orders), price impact is positively (negatively) 

related to OrderSize. A market order trader pays a higher immediacy cost for 

larger-sized orders. This is consistent with the model proposed by Easley and 

O’Hara (1987) and with the empirical results from studies that examine 

institutional trades (e.g., Keim and Madhavan 1997, 1998).  

Panel A, Table 1.8 shows that for market orders (limit orders) price impact 

is positively (negatively) related to PriceInverse. In other words, the price impact 

cost of a market order is larger for stocks with low prices, and a limit order benefits 
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more from stocks with low prices. This is consistent with Harris (1994), who 

reports that spread is positively related to the inverse of the stock price. 

Furthermore, the most aggressive and most passive orders exhibit the greatest 

sensitivity of price impact to PriceInverse, given the magnitude of C42 and C36 

compared to C37 to C41. This finding suggests that price impact is most sensitive to 

stock prices for highly aggressive or highly passive orders, which is consistent with 

the univariate results shown in Table 1.2.  

Finally, the results in panel A, Table 1.8 show that for the three categories 

of aggressive (passive) orders, AvTrdVal, the average trading value of stocks, is 

negatively (positively) related to price impact. Liquid stocks (i.e., stocks with high 

AvTrdVal) are less costly to market order traders; nonetheless, limit order traders 

benefit less from liquid stocks. In addition, the results illustrate that order 

aggressiveness affects the relationship between AvTrdVal and price impact: That is, 

the relation is strongest for the most aggressive (i.e., Category 7) and the most 

passive (i.e., Category 1) orders. This implies that the price impact costs for highly 

aggressive/passive orders become more sensitive to the liquidity of stocks than the 

price impact costs for less aggressive/passive orders.  

The results from the regression analysis of the determinants of 

implementation shortfall are shown in panel B, Table 1.8. For each of the eight 

regressions, Intercept3, the intercept term for a Category 3 order, is lowest 

compared to the remaining six intercept terms. This result shows that the 

implementation shortfall is minimized for an order with an aggressiveness level of 

3 even after other determinants of the implementation shortfall are controlled. 

In general, the multivariate results shown in panel B, Table 1.8 resemble the 

univariate results shown in Table 1.6: That is, the implementation shortfall is 
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negatively related to firm size, positively related to stock price volatility, positively 

related to order size, positively related to the inverse of stock prices, and negatively 

related to the dollar trading volume of stocks. The multivariate results indicate that 

there is a significantly negative relationship between FirmSize and an 

implementation shortfall for all categories of orders. This is consistent with Table 

1.6 because it is more expensive to trade smaller stocks after order aggressiveness 

and other determinants of the implementation shortfall are controlled. The 

relationship between price volatility and implementation shortfall is positively 

significant for all types of orders, which suggests that it is more expensive to trade 

volatile stocks. Moreover, the most aggressive orders exhibit the greatest 

sensitivity of implementation shortfall cost to stock price volatility. For example, 

for Model 8, the C28 is 35.58, larger than the magnitudes of the remaining 

coefficients, C22 to C27. This implies that an implementation shortfall is most 

sensitive to stock price volatility for the most aggressive orders, which is consistent 

with Table 1.6.  

The results in panel A, Table 1.8 show that there is a significantly positive 

relationship between OrderSize and an implementation shortfall for all levels of 

aggressiveness, which indicates that large-sized orders incur higher total trading 

costs. The results also illustrate that an implementation shortfall is significantly and 

positively associated with PriceInverse. In other words, the shortfall cost of an 

order is larger for stocks with low prices. In addition, consistent with Table 1.6, the 

most aggressive order (i.e., Category 7 order) exhibits the greatest sensitivity of 

implementation shortfall to PriceInverse, given the magnitude of C42 relative to C36 

to C41. This indicates that for Category 7 orders low-priced stocks have much 

higher shortfall costs than high-priced stocks. 
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Finally, for a given category of orders, there is a significantly negative 

relationship between AvTrdVal, the average trading value of stocks, and an 

implementation shortfall. Liquid stocks (i.e., stocks with high average trading 

values) are less costly to traders. In addition, a comparison of the magnitude of 

Category 7 orders (i.e., C49) and the magnitude of the remaining categories (i.e., 

C43–C48) shows that order aggressiveness affects the relationship between 

AvTrdVal and an implementation shortfall. The relationship is strongest for the 

most aggressive order (i.e., Category 7 order), which indicates that the shortfall 

cost for a Category 7 order is more sensitive to the liquidity of stocks than the 

shortfall cost for other categories of orders. 

 

1.5   Conclusion 

This study empirically examines and quantifies various components of 

trading costs incurred when trading 79 liquid stocks listed on the Stock Exchange 

of Thailand during 1997. The results of this study show that an aggressive (passive) 

order incurs a positive (negative) price impact cost for executed orders. In other 

words, an aggressive order (i.e., market order) pays an immediacy price, while an 

executed passive order (i.e., executed limit order) profits from supplying 

immediacy. In addition, five main factors that have a significant impact on 

determining the price impact cost are identified. For market orders, the price 

impact cost is negatively related to firm size, positively re

 negatively 5a   Concd 



low-priced, illiquid stocks, whereas passive order traders benefit more from these 

stocks.  

For unmatched limit orders, however, there exists a sizable opportunity 

cost. The unexecuted portions of limit orders need to be filled at unfavorable prices 

as a result of an adverse selection problem associated with the unfilled portions. It 

is the opportunity cost of the unexecuted portions of limit orders that offsets the 

favorable executed price of the filled portions of limit orders and causes the overall 

trading cost of limit orders to become positive (i.e., incurs trading costs). The study 

also finds a relationship between stock/order characteristics and the opportunity 

cost of limit orders. For example, small-cap orders have a higher opportunity cost, 

which is consistent with the findings of Griffiths et al. (2000) and Wagner and 

Edwards (1993). Furthermore, opportunity cost is positively related to stock price 

volatility, negatively related to stock price, positively related to order size, and 

negatively related to the liquidity of a stock. 

The present study suggests that implementation shortfall should be used as 

a trading cost measure to compare the total trading costs of orders with various 

aggressiveness levels because implementation shortfall takes into account the 

opportunity cost of the unfilled portions of limit orders. By using the 

implementation shortfall as a total trading cost measure, the present study 

demonstrates that it is optimal to submit a limit order at the best quote: that is, a 

buy (sell) limit order at the best bid (ask). 

Finally, the multivariate results (from panel B, Table 1.8) show that an 

implementation shortfall is negatively related to firm size, positively related to 

stock price volatility, positively related to order size, positively related to the 

inverse of the stock price, and negatively related to the dollar trading volume of 
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stocks. In other words, for any type of order aggressiveness, it is more expensive to 

trade large amounts of shares of small-cap, highly volatile, low-priced, illiquid 

stocks. In addition, the most aggressive order (i.e., Category 7 order) exhibits the 

greatest sensitivity of implementation shortfall to stock price volatility, the inverse 

of the stock price, and the average dollar trading volume of stocks. 
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Table 1.7  
Analysis of Total Costs of Orders 

 
This Table breaks down the implementation shortfall cost of all orders submitted on the 
Stock Exchange of Thailand (SET) during 1997. Seven levels of order aggressiveness are 
defined. Price impact for buy (sell) orders is defined as the (minus of) the logarithm of the 
ratio of the volume-weighted average of the executed prices to the mid-point quote 
prevailing at the time of order submission. The cost of the filled portion is the product of 
the percentage of orders filled and the price impact. Adverse price changes for buy (sell) 
orders are defined as the (minus of) the logarithm of the ratio of the best ask (bid) price at 
the assumed cancellation time to the mid-point quote at the time of order submission if the 
best ask (bid) is higher than the order price. Otherwise (i.e., the best ask [bid] is lower 
[higher] than the order price), the unfilled part is assumed to be filled by a market order at 
the time of order submission; therefore, adverse price changes for buy (sell) orders are the 
(minus of) the logarithm of the ratio of the best ask (bid) price at the time of order 
submission to the mid-point quote at the time of order submission. The cost of the unfilled 
portion (i.e., opportunity cost) is the product of the percentage of the unfilling rate and the 
percentage of adverse price changes. Implementation shortfall is defined as the sum of the 
cost of the filled portion and opportunity cost. The results shown below are for buy orders 
only. The results for sell orders are not reported because they are virtually identical to 
those for buy orders. 
 

Aggressiveness 
Levels

Percentage 
of Orders 

Filled

Price 
Impact

Cost of Filled 
Portion

Percentage 
of Orders 

Unfilled

Adverse 
Price 

Change

Cost of Unfilled 
Portion 

(Opportunity 
Cost)

Implementation 
Shortfall

7 98.1% 1.43% 1.40% 1.9% 4.28% 0.08% 1.48%

6 92.5% 0.68% 0.63% 7.5% 3.12% 0.23% 0.86%

5 100.0% 0.66% 0.66% 0.0% 2.45% 0.00% 0.66%

4 59.3% 0.06% 0.04% 40.7% 3.12% 1.27% 1.31%

3 57.3% -0.65% -0.37% 42.7% 1.98% 0.84% 0.47%

2 26.5% -2.06% -0.54% 73.5% 1.78% 1.31% 0.76%

1 9.5% -4.50% -0.43% 90.5% 1.17% 1.05% 0.62%
 

 
MB7 (MS7) is market buy (sell) orders with an order price higher (lower) than the best ask (bid) 
price and an order size larger than the shares available at the ask (bid). MB6 (MS6) is market buy 
(sell) orders with an order size larger than shares available at ask (bid) and an order price equal to 
the price at the ask (bid). MB5 (MS5) is market buy (sell) orders with order prices equal to the best 
ask (bid) and volumes smaller than the prevailing ask (bid) depth. LB4 (LS4) is limit buy (sell) 
orders with order prices higher (lower) than the best bid (ask) price but lower (higher) than the best 
ask (bid) prices. LB3 (LS3) is limit buy (sell) orders with order prices equal to the best bid (ask) 
prices. LB2 (LS2) is limit buy (sell) orders with order prices lower (higher) than the best bid (ask) 
price but higher (lower) than the third best bid (ask) prices. LB1 (LS1) is limit buy (sell) orders with 
order prices lower (higher) than the third best bid (ask) prices. 
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where Yi denotes two measures of trading costs (i.e., price impact cost [PIi] and 

implementation shortfall cost [ISi]); PIi equals price impact of order; i equals ln(Pi /Mi) for 

buys orders and ln(Mi /Pi) for sell orders; ISi equals the implementation shortfall of order i; 

Pi equals the volume-weighted average of the trade price for order i; Mi equals the mid-

point quote immediately before the submission of order i; Ii,j is a dummy variable equal to 1 

if the aggressiveness of order i is Category j and 0 if otherwise, where j equals {1, 2, 3, 4, 5, 

6, 7}, j equals 1 if it is the most passive order, and j equals 7 if it is the most aggressive 

order; Buyi is a dummy variable equal to 1 if a buy order and 0 if a sell order; Firmsizei 

equals the natural logarithm of the market capitalization of a firm at the end of 1996; 

Volatilityi equals the standard deviation of the daily return of a stock in 1996; PriceInversei 

equals the inverse of a stock price, defined as 100 times the inverse of the mid-point quote 

prevailing at the time of order submission (100/ Mi); Ordersizei equals the order size 

divided by the average daily trading volume over the recent 5 trading days; AvTrdVali 

equals the average daily trading value of a stock over 1996; and cj denotes the coefficient of 

each explanatory variable. 
† denotes the significance level of 5% of H0: Ci = Ci+6 within each group of independent 

variables. 

Table 1.8  
Multivariate Analyses of Price Impact of Executed Orders and 

Implementation Shortfall of Orders 
 
This Table shows the coefficients (multiplied by 100), p-values, chi-square values λ2 (i.e., 

statistics of tests of equality of coefficient values within groups), adjusted R2, and the 

number of observations used in the seven GMM regression equations (i.e., each regression 

model is a variation of the full model shown below). In panel A, the dependent variable is 

the price impact of executed orders. In panel B, the dependent variable is the 

implementation shortfall value of orders (i.e., both executed and unexecuted orders). * and 

** denote the significance levels of 5% and 1% respectively. The full equation is as 

follows;  
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Panel A: Price Impact

Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats

Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1

C1 Intercept1 -9.543**† -2.089**† -4.131**† -3.141**† -10.579**† -5.152**† -6.065**† -2.088**†
C2 Intercept2 -5.622** 3375.3** -0.511** 1929.0** -2.050** 21231.4** -1.426** 16571.1** -6.377** 2737.6** -2.436** 904.2** -3.001** 990.6** -0.505** 1947.6**
C3 Intercept3 -2.145** 22521.5** 0.006 1438.4** -0.669** 24411.5** -0.432** 33818.9** -2.596** 17955.4** -0.725** 2456.2** -0.991** 2784.0** 0.009 1418.3**
C4 Intercept4 -0.117** 4739.0** -0.409** 532.6** -0.217** 7349.0** -0.506** 8.2** -0.381** 4496.8** -1.754** 55.7** -2.156** 64.8** -0.410** 542.8**
C5 Intercept5 2.269** 6123.0** -0.195** 130.6** 0.653** 25785.8** 0.372** 1153.9** 2.650** 7804.7** 0.524** 275.3** 0.678** 387.2** -0.203** 121.7**
C6 Intercept6 1.836** 743.2** 0.098** 843.4** 0.624** 45.2** 0.397** 45.9** 2.191** 573.3** 0.538** 0.4 0.750** 7.1** 0.082** 749.1**
C7 Intercept7 3.704** 511.0** 0.609** 131.3** 1.466** 2248.6** 1.207** 1583.4** 4.382** 597.8** 1.717** 148.0** 2.128** 161.2** 0.502** 87.2**
C8 Buy1 -0.420**† -0.397**† -0.347**† -0.369**† -0.435**† -0.393**† -0.405**† -0.399**†
C9 Buy2 -0.006 803.9** 0.011* 751.2** 0.029** 601.6** 0.027** 888.7** -0.022** 810.5** 0.018** 958.4** 0.009** 978.9** 0.012** 764.2**
C10 Buy3 0.037** 80.0** 0.035** 23.9** 0.031** 0.1 0.035** 4.3 0.036** 153.7** 0.037** 24.6** 0.037** 53.6** 0.036** 23.7**
C11 Buy4 0.273** 1467.2** 0.271** 1445.9** 0.274** 1638.9** 0.264** 1530.1** 0.276** 1524.0** 0.281** 2193.4** 0.281** 2131.8** 0.271** 1427.5**
C12 Buy5 -0.014** 2062.6** -0.011** 1974.5** -0.018** 2234.4** 0.015** 1841.8** -0.013** 2123.2** 0.016** 2615.9** 0.016** 2546.0** -0.007** 1918.6**
C13 Buy6 0.045** 321.3** 0.045** 290.0** 0.044** 343.2** 0.046** 230.2** 0.045** 330.7** 0.045** 193.2** 0.045** 193.9** 0.044** 244.6**
C14 Buy7 -0.164** 102.1** -0.110** 54.8** -0.168** 107.2** -0.128** 83.6** -0.203** 149.0** -0.128** 87.6** -0.143** 102.6** -0.109** 57.2**
C15 FirmSize1 0.532**† 0.188**†
C16 FirmSize2 0.355** 769.2** 0.098** 136.2**
C17 FirmSize3 0.146** 9253.7** 0.029** 566.4**
C18 FirmSize4 -0.010** 3443.4** 0.124** 70.9**
C19 FirmSize5 -0.161** 3042.7** -0.016** 156.0**
C20 FirmSize6 -0.123** 724.1** -0.015** 0.3
C21 FirmSize7 -0.221** 151.9** -0.061** 29.4**
C22 Volatility1 -79.238**† -78.290**†
C23 Volatility2 -59.664** 195.5** -58.717** 189.7**
C24 Volatility3 -26.148** 3752.0** -25.842** 3136.7**
C25 Volatility4 7.447** 1775.2** 7.424** 1737.5**
C26 Volatility5 32.719** 914.4** 32.052** 869.1**
C27 Volatility6 20.278** 814.3** 20.186** 742.1**
C28 Volatility7 37.221** 100.3** 36.151** 94.6**

Model 8Model 4 Model 5 Model 6 Model 7

Coefficients

Model 1 Model 2 Model 3
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Panel A: Price Impact (Con't)

Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats

Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1 Value H0:Ci=Ci-1

C29 OrderSize1 -7.756**† -2.273**† -0.551† -6.362**†
C30 OrderSize2 -6.394** 0.4 -1.869** 0.3 -0.897** 0.5 -5.496** 0.2
C31 OrderSize3 -2.146** 8.7** -0.777** 5.6 -0.504** 2.1 -1.915** 8.4**
C32 OrderSize4 0.164** 48.9** 0.104* 44.5** 0.266** 57.7** 0.155** 48.6**
C33 OrderSize5 4.466** 206.8** 1.481** 138.4** 1.226** 76.1** 3.955** 200.7**
C34 OrderSize6 0.883** 120.6** 0.540** 48.7** 0.470** 38.5** 0.865** 108.4**
C35 OrderSize7 2.339** 27.5** 1.864** 32.2** 1.754** 31.0** 2.297** 27.3**
C36 PriceInverse1 -0.324**† -0.288**† -0.283**†
C37 PriceInverse2 -0.154** 2000.6** -0.144** 883.7** -0.140** 896.4**
C38 PriceInverse3 -0.050** 7294.1** -0.049** 4357.5** -0.048** 3981.4**
C39 PriceInverse4 0.062** 361.0** 0.066** 359.9** 0.067** 367.6**
C40 PriceInverse5 0.053** 3.0 0.053** 4.7 0.052** 5.7
C41 PriceInverse6 0.048** 52.4** 0.047** 49.2** 0.046** 54.2**
C42 PriceInverse7 0.087** 110.1** 0.078** 60.8** 0.076** 53.0**
C43 AvTrdVal1 0.604**† 0.263**†
C44 AvTrdVal2 0.412** 695.5** 0.146** 207.1**
C45 AvTrdVal3 0.183** 8060.4** 0.052** 892.2**
C46 AvTrdVal4 0.016** 3194.6** 0.162** 85.3**
C47 AvTrdVal5 -0.191** 4681.5** -0.030** 267.1**
C48 AvTrdVal6 -0.154** 487.2** -0.035** 5.0
C49 AvTrdVal7 -0.286** 242.8** -0.100** 48.8**

Overall Model Statistics
Adjusted R-sq 0.554 0.547 0.531 0.795 0.560 0.798 0.800 0.549
No. of Obs 2,847,422 2,847,422 2,847,422 2,847,422 2,847,422 2,847,422 2,847,422 2,847,413
F-ratio 168173** 163240** 153458** 527020** 172827** 321344** 324735** 123710**

Model 8Model 4 Model 5 Model 6 Model 7

Coefficients

Model 1 Model 2 Model 3
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Panel B: Implementation Shortfall

Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats

Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1

C1 Intercept1 2.501**† 0.585** 1.243**† 1.001**† 2.066**† 1.214**† 0.589**† 0.584**
C2 Intercept2 2.659** 14.7** 0.265** 204.1** 1.074** 528.2** 0.866** 140.4** 2.792** 260.2** 1.404** 8.7** 1.366** 121.2** 0.263** 206.5**
C3 Intercept3 1.960** 516.9** -0.230** 754.1** 0.514** 9778.9** 0.284** 4005.9** 2.258** 227.5** 0.494** 303.5** 0.544** 194.1** -0.233** 756.2**
C4 Intercept4 2.675** 328.0** -0.059** 55.8** 0.750** 1044.8** 0.445** 67.7** 2.829** 165.3** 0.965** 18.9** 0.927** 10.7** -0.079** 44.7**
C5 Intercept5 2.269** 123.6** -0.194** 41.4** 0.653** 187.4** 0.372** 14.5** 2.651** 19.2** 0.525** 17.4** 0.679** 4.7* -0.203** 33.9**
C6 Intercept6 2.334** 11.1** 0.138** 802.5** 0.760** 253.1** 0.538** 1771.3** 2.850** 75.0** 0.932** 225.2** 1.275** 295.6** 0.103** 581.9**
C7 Intercept7 3.723** 251.3** 0.659** 118.7** 1.474** 1256.2** 1.249** 1147.7** 4.484** 296.8** 1.650** 50.0** 2.100** 50.5** 0.525** 76.7**
C8 Buy1 -0.591**† -0.606**† -0.624**† -0.608**† -0.599**† -0.602**† -0.620**† -0.605**†
C9 Buy2 -0.308** 860.8** -0.316** 911.0** -0.331** 920.2** -0.314** 956.4** -0.303** 941.4** -0.309** 934.7** -0.309** 1039.6** -0.318** 889.3**
C10 Buy3 -0.053** 1325.5** -0.053** 1403.5** -0.048** 1616.2** -0.053** 1484.3** -0.051** 1294.1** -0.053** 1415.2** -0.053** 1401.9** -0.053** 1427.3**
C11 Buy4 0.508** 3631.0** 0.517** 3736.0** 0.527** 3826.7** 0.518** 3977.8** 0.514** 3674.8** 0.510** 3998.9** 0.512** 3998.5** 0.515** 3712.1**
C12 Buy5 -0.014** 3612.8** -0.011** 3695.3** -0.018** 3943.0** 0.015** 3684.0** -0.013** 3689.4** 0.017** 3665.8** 0.017** 3668.3** -0.007** 3616.4**
C13 Buy6 0.064** 341.9** 0.064** 315.3** 0.063** 352.9** 0.066** 231.9** 0.065** 352.7** 0.064** 201.7** 0.065** 204.5** 0.063** 272.6**
C14 Buy7 -0.157** 102.0** -0.104** 57.5** -0.161** 108.3** -0.122** 83.9** -0.198** 147.4** -0.121** 88.9** -0.136** 102.2** -0.103** 60.8**
C15 FirmSize1 -0.124**† -0.021**†
C16 FirmSize2 -0.159** 79.2** -0.055** 37.4**
C17 FirmSize3 -0.145** 23.3** -0.021** 57.1**
C18 FirmSize4 -0.195** 173.9** -0.054** 13.5**
C19 FirmSize5 -0.161** 93.9** -0.016** 18.8**
C20 FirmSize6 -0.158** 3.6 -0.043** 133.7**
C21 FirmSize7 -0.218** 51.0** -0.053** 1.5
C22 Volatility1 25.556**† 25.390**†
C23 Volatility2 30.953** 38.5** 30.457** 33.7**
C24 Volatility3 28.179** 14.9** 28.187** 9.9**
C25 Volatility4 31.792** 15.5** 31.556** 13.5**
C26 Volatility5 32.717** 1.2 32.049** 0.3
C27 Volatility6 24.617** 273.0** 24.422** 243.4**
C28 Volatility7 36.908** 46.3** 35.580** 41.5**

Model 5 Model 6 Model 7

Coefficients

Model 1 Model 2 Model 3 Model 8Model 4
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Panel B: Implementation Shortfall (Con't)

Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats Coeff Wald Stats

Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1 Value H0: Ci=Ci-1

C29 OrderSize1 0.691**† 0.472**† 0.552**† 0.645**†
C30 OrderSize2 1.800** 14.9** 1.408** 18.2** 1.378** 13.7** 1.706** 15.4**
C31 OrderSize3 0.295** 32.9** 0.234** 32.6** 0.229** 32.0** 0.296** 32.3**
C32 OrderSize4 1.898** 62.1** 1.628** 67.1** 1.602** 66.1** 1.871** 61.7**
C33 OrderSize5 4.472** 52.4** 1.488** 0.5 1.233** 3.7 3.961** 40.5**
C34 OrderSize6 1.869** 41.8** 1.472** 0.0 1.338** 0.2 1.847** 31.4**
C35 OrderSize7 2.894** 7.1** 2.434** 8.6** 2.323** 9.5** 2.853** 7.0**
C36 PriceInverse1 0.065**† 0.064**† 0.067**
C37 PriceInverse2 0.040** 116.8** 0.039** 103.3** 0.039** 130.3**
C38 PriceInverse3 0.040** 0.3 0.039** 0.1 0.039** 0.0
C39 PriceInverse4 0.073** 57.7** 0.070** 41.3** 0.070** 42.5**
C40 PriceInverse5 0.053** 20.2** 0.053** 12.9** 0.053** 13.8**
C41 PriceInverse6 0.051** 9.9** 0.049** 25.9** 0.048** 36.1**
C42 PriceInverse7 0.086** 89.3** 0.078** 50.7** 0.075** 44.2**
C43 AvTrdVal1 -0.078**† 0.038**†
C44 AvTrdVal2 -0.166** 445.4** -0.049** 214.5**
C45 AvTrdVal3 -0.168** 0.3 -0.025** 23.9**
C46 AvTrdVal4 -0.207** 90.5** -0.050** 6.5*
C47 AvTrdVal5 -0.191** 16.7** -0.030** 4.2*
C48 AvTrdVal6 -0.204** 36.5** -0.074** 232.7**
C49 AvTrdVal7 -0.293** 96.2** -0.097** 4.9*

Overall Model Statistics
Adjusted R-sq 0.017 0.016 0.012 0.101 0.018 0.102 0.102 0.017
No. of Obs 5,110,703 5,110,703 5,110,646 5,110,703 5,110,703 5,110,632 5,110,632 5,110,639
F-ratio 4186** 3956** 2942** 27238** 4350** 16528** 16539** 3183**

Model 5 Model 6 Model 7

Coefficients

Model 1 Model 2 Model 3 Model 8Model 4
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2.1   Introduction 

The results of empirical studies (e.g., Chan and Lakonishok 1993, 1995; 

Escribano and Pascual 2006; Holthausen et al. 1987, 1990; Keim and Madhavan 

1995, 1996, 1997; Kraus and Stoll 1972) that examine block and institutional 

equity trading show that order direction (e.g., buy or sell) influences the reaction of 

market participants. Buys are perceived asymmetrically from sells by market 

participants, and markets appear to react differently to buy and sell orders: Large 

buys induce increases in price, which then drop slightly or increase, whereas large 

sales induce drops in price, which almost fully recover.  

Chan and Lakonishok (1993) suggest that information effects could be 

stronger for buys than for sales.30 They point out that there are many liquidity-

motivated reasons to sell a stock, while the choice of a certain stock to buy, out of 

the many alternatives available, is likely to convey positive private information. By 

contrast, Chiyachantana et al. (2004), Keim (2003), and Wagner and Edwards 

(1993) suggest that the total price impact of buys and sells is determined mainly by 

the underlying market conditions. Using total price impact as a measure of trading 

cost,31 Chiyachantana et al. (2004) and Keim (2003) find empirical evidence 

supporting their hypothesis that buys (sells) are more expensive to execute than 

sells (buys) on bullish (bearish) markets. However, both studies did not relate 

market conditions to the asymmetry of permanent or temporary price impact of 

buys and sells.  

                                                 
30The notion that buys are more informative than sales is important because it contradicts 
the assumption that the motivation for, and execution of, orders are symmetric between 
buys and sells, which is generally made by most asymmetric information trading models 
(e.g., Easley and O’Hara (1987; Glosten and Milgrom 1985; Kyle 1985). The exception is 
Burdett and O’Hara (1987), who argue that large buyers tend to be better informed than 
large sellers. 
31Specifically, they use market-wide-return-adjusted total price impact as the main measure 
of trading cost in their study. 
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The study discussed in this article contributes to the existing literature by 

exploring the relationship between market conditions and the buy-sell asymmetry 

of permanent and temporary price impact.32 That is, the present study argues that a 

contemporaneous market condition is the key factor behind the permanent and 

temporary price effect of buys and sales. 

In addition, this study investigates whether and to what extent two 

alternative explanations about the buy-sell asymmetry of permanent price impact 

are valid. The first hypothesis suggests that buys are more informed than sells,33 

implying that buys will have a larger permanent price impact and smaller 

temporary price impact than sells, irrespective of market conditions. The empirical 

test of the first hypothesis conducted in this study is considered an out-of-sample 

test of the existing evidence on price effects of trades, which is primarily conducted 

in the United States or based on block and institutional trades. The second 

hypothesis is based on Saar’s (2001) theoretical model. His model predicts that a 

stock’s history of price performance drives the asymmetry of permanent price 

impact between buys and sales: the longer the stock price run-up, the less the 

permanent price impact asymmetry between buys and sales. The implication of his 

model, however, has not been formally tested. The empirical test on Saar’s 

                                                 
32 According to studies on block and institutional equity trades, the puzzling empirical 
evidence is the asymmetry of permanent and temporary price impact between buys and 
sales. For example, Holthausen et al. (1987) report that buys are associated with a price 
increase of 1.57%, which decreases by 0.03% (i.e., temporary price impact), leaving a 
permanent price impact of 1.54%. Sells are accompanied by a price drop of 2.48%, which 
increases by 1.30% (i.e., temporary price impact), leaving a permanent price impact of 
1.18%. Keim and Madhavan (1996) report the asymmetry of temporary price impact 
between buyer-initiated and seller-initiated trades: That is, the stock prices of seller-
initiated block trades reverse (i.e., go up) after trades by 2.84%, while the stock prices of 
buyer-initiated trades go up 0.15% after trades. However, there exists no significant 
asymmetry of permanent price impact: That is, they find that the permanent price impact 
for buyer-initiated block trades is approximately 1.60%, while for seller-initiated trades, it 
is approximately 1.50%. 
33This notion is proposed and discussed by Burdett and O’Hara (1987), Chan and 
Lakonishok (1993), and Keim and Madhavan (1995, 1996). 
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prediction therefore highlights this study’s contribution to the existing literature on 

the asymmetric price effect of buys and sales. 

The present study makes several contributions to the literature on the price 

impact of trades. First, as shown earlier, this study relates market conditions to the 

buy-sell asymmetry of permanent and temporary price impact. In addition, it 

conducts empirical tests that examine two alternative hypotheses: (1) the notion 

that buys are more informative than sells and (2) the theoretical prediction that the 

buy-sell asymmetry of permanent price impact is related to a stock’s history of 

price performance. Second, because a trade on SET can occur only at the quoted 

price, this study is very unlikely to encounter the problem of a misclassified trade 

(e.g., a buy classified as a sell and vice versa), which is frequently encountered by 

studies that use the NYSE Trade and Quotes (TAQ) database (see, for example, 

Bessembinder 2003a; Finucane 2000; Peterson and Sirri 2003).  

Finally, this study conducts an out-of-sample test that examines previous 

empirical evidence about the price effects of trades, which is predominantly U.S.-

based (i.e., markets with market makers) and based on block and institutional 

trades, and uses data from all trades on the Stock Exchange of Thailand (SET), an 

order-driven market. In addition, Thai data are used because this type of research 

has not been conducted on the Thai capital market, and the applicability of the U.S. 

results to a Thai market setting is debatable because of different trading settings.  

There are two obvious differences in trading arrangements that can 

potentially have a major impact on liquidity and the price impact of trades. First, 

the major U.S. markets (i.e., NYSE, AMEX, and NASDAQ) have designated 

specialists/dealers who are obliged to supply liquidity, while on SET, liquidity is 

entirely supplied by natural buyers and sellers through limit orders (i.e., open limit 

 54

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



order book system). Trading on SET is fully automated, and trades are placed 

through the Automatic Order Matching (AOM) system. Trading on U.S. exchanges 

is partially automated (e.g., on NYSE, there are both specialists and public limit 

orders placed through the SuperDOT system). Due to the existence of the 

designated specialists/dealers, liquidity is arguably higher on the U.S. markets than 

on SET. As a result, price impact of trades should be higher on SET than on the 

U.S. markets. Second, SET operates a truly centralized market system, whereas the 

U.S. markets are fragmented34 (e.g., regional exchanges). According to Harris 

(2003), a consolidated market attracts liquidity due to order flow externality (i.e., 

the phenomenon where each trader who joins a market adds liquidity to the market, 

and the additional liquidity then attracts more traders, and therefore more 

additional liquidity). Therefore, liquidity (price impact of trades) should be higher 

(lower) in consolidated markets than in fragmented markets. 

Our empirical results demonstrate that the price behavior associated with 

buys and sells is largely driven by market conditions, as hypothesized. There exists 

a buy-sell asymmetry for the two components of price impact (i.e., permanent and 

temporary price impact), and this asymmetry is influenced by market conditions. 

When the market is rising, a buyer-initiated trade incurs a higher permanent price 

impact (0.36% versus 0.07%) and lower temporary price impact (-0.01% versus 

0.28%) than a seller-initiated trade. In a rising market, the price effects of buys are 

mostly permanent, while the price effects of sells are temporary. However, in a 

neutral market, there is less buy-sell asymmetry of price impact. The difference 

between permanent (temporary) price impact of buys and sells falls (rises) from 

                                                 
34The theoretical model by Yin (2005) suggests that spreads are smaller on centralized 
markets than on fragmented markets. Bennett and Wei (2006) report empirical evidence 
supporting the hypothesis that order fragmentation affects market quality (e.g., liquidity, 
price volatility, and price efficiency).  
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0.29% (-0.29%) in rising market to 0.20% (-0.20%) in a neutral market. In a falling 

market, the results of the buy-sell asymmetry of permanent and temporary price 

impact are inconsistent with the results of previous studies, but they support our 

hypotheses: That is, in a falling market, sells incur a larger permanent price impact 

than buys (0.56% versus 0.46%) and a smaller temporary price impact than buys 

(0.16% versus 0.25%), which indicates that the price effects of sells are relatively 

more permanent than the price effects of buys.  

Even though the buy-sell asymmetry of permanent and temporary price 

impact is shown to be determined by market conditions, for very large trades (i.e., 

trade size larger than percentile 95), the results show that the permanent price 

impact of buys is always larger than the permanent price impact of sells, regardless 

of market conditions. These results are consistent with the alternative hypothesis 

that large buys are better informed than large sells. Specifically, the results show 

that for the largest trade group, the permanent price impact of buys still stays 

higher than the permanent price impact of sells for each of the three different 

market conditions, although the buy-sell asymmetry of a permanent price impact is 

reduced from 0.48% in a bull market to 0.14% in a bear market. Therefore, for very 

large trades, the buy-sell asymmetry of permanent price impact is consistent with 

the hypothesis that buys are more informed than sells.  

The asymmetry of permanent price impact between buys and sells is further 

explored by examining the relationship between permanent price impact 

asymmetry and a stock’s history of price performance, which is proxied using two 

measures: (1) the number of consecutive days a stock went up before the current 

day and (2) the magnitude of a stock’s past returns. Our results do not support the 

relationship between a stock’s history of price performance and the asymmetry of 
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permanent price response to buys and sells. On the contrary, it seems that 

asymmetry is more or less influenced by contemporaneous market conditions, as 

predicted by our main hypothesis. 

The remainder of this article is organized as follows: Section 2.2 provides a 

literature review and hypothesis development; the data, trade side classification, 

price impact calculation, and regression analyses are described in section 2.3; 

section 2.4 contains empirical results and robustness checks; and section 2.5 

contains some conclusions.  

 

2.2   Literature Review and Hypothesis Development 

2.2.1   Three Explanations for the Price Impact of Large Trades 

According to Chan and Lakonishok (1993) and Holthausen et al. (1987), 

price changes that accompany institutional and block trades can be explained in 

three ways: liquidity costs, inelastic demand curves, and information effects.  

Liquidity costs, also known as price pressure, produce temporary price 

effects because it is difficult to find counterparties in a timely manner. In order to 

transact a large number of trades immediately, purchasers or sellers need to provide 

some compensation for the intermediary who provides liquidity. This 

compensation is usually a price concession. As a result, the liquidity cost 

explanation implies a quick recovery from a transacted price to a fair price before a 

trade.  

Prices also change around large trades if there are no sufficiently perfect 

substitutes for a particular security. If buyers of a large number of shares face a 

supply curve not perfectly elastic, to induce sellers to sell more shares (than the 

equilibrium number of shares), they must offer a premium, or sweetener, to sellers. 
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Similarly, sellers of block trades must also offer a discount to potential buyers in 

order to induce them to buy and hold more shares. The imperfect substitution 

explanation implies permanent price impacts or slower price reversals subsequent 

to a trade compared to the speed of reversal proposed by the liquidity cost 

explanation.  

Transactions can result in permanent price changes if they convey new 

information, which will subsequently be incorporated into prices. Informed trades 

could be implied by the identity of the traders conducting these transactions (e.g., 

insiders and high-ranked officers of companies). The trade size also can suggest the 

informativeness of a trade (Easley and O’Hara 1987).35 The permanent price 

change with no price reversal, small price reversal, or price continuation supports 

the information effect explanation.  

 

2.2.2   Buy-sell Asymmetry of Total, Permanent, and Temporary Price Impact 

Holthausen et al. (1987, 1990), Keim and Madhavan (1996), and Kraus and 

Stoll (1972) report that price effects of block trades are predominantly (about 50%) 

temporary (i.e., supporting the liquidity cost hypothesis) for seller-initiated 

transactions and permanent (i.e., reflecting changes in the underlying value of a 

stock or information effect) for buyer-initiated transactions. 

Like those who study block trades (e.g., Holthausen et al. 1987, 1990; 

Kraus and Stoll 1972), Chan and Lakonishok (1993) find that there is a buy-sell 

asymmetry for U.S. institutional equity trades.36 The results of their study show 

that a buy order incurs a larger price impact than a sell order. In addition, after 

                                                 
35Koski and Michaely (2000) demonstrate that a trade’s information effect on price is 
positively related to trade size. 
36Bozcuk and Lasfer (2005), however, report that there is limited evidence to support the 
asymmetric price response hypothesis.  
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being executed, the buy order enjoys a price continuation, while the executed sell 

order faces substantial price reversals. Chan and Lakonishok (1993) propose that 

purchases may be more informative than sales.37 The rationale behind this 

explanation is as follows: There are numerous liquidity reasons for sales. 

Furthermore, institutional investors can sell a particular stock out of the relatively 

limited number of stocks in their portfolio. Therefore, sales are not necessarily 

associated with negative information, but more likely to be liquidity motivated. On 

the contrary, there are fewer liquidity reasons to make purchases. Buys of any 

single stock out of a relatively large number of securities available on the market 

are likely to be driven by positive information.  

Keim and Madhavan (1995) claim that buys are more information-

motivated than sales. They find that institutional traders tend to spread buy orders 

over longer periods than similar sell orders (i.e., buys take longer to execute than 

similar-sized sells). The relative patience of buyers may reflect an underlying 

asymmetry in the price responses for buyer-initiated and seller-initiated trades (i.e., 

traders believe the price impact of buys are greater than the price impact of sells). 

The greater price responses to buys, in turn, imply that buys are probably more 

information-motivated than sells. Escribano and Pascual (2006) report that for the 

                                                 
37 Actually, for the asymmetric price response of block buys and block sales, Chan and 
Lakonishok propose an explanation based on the common belief that block dealers are 
generally willing to fill their customers’ large sales in exchange for price concessions, 
which will subsequently be reversed, while they are unwilling to take short positions 
against their clients’ large purchases (see also Kraus and Stoll 1972). Therefore, it is less 
(more) likely that the block price for buyer-initiated (seller-initiated) trades includes a fee 
to block dealers in the form of a temporary price change. Instead, for buyer-initiated block 
trades, block dealers will be compensated in the form of a fee or commission. As a result, 
price changes after large sales (buys) tend to recover (stay the same or continue). Berkman 
et al. (2005) provide evidence that supports this idea. They show that, on stock index 
futures markets, where there is supposedly no additional cost for short selling, neither 
asymmetric permanent nor temporary price reaction to buys and sells is observed. Using 
data for stock-index and interest-rate futures traded on the Sydney Futures Exchange, Frino 
and Oetomo (2005) also show that price behavior after trades is more or less symmetrical 
between buys and sells.  
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11 most liquid NYSE-listed stocks in 1996 and 2000 buys are more informative 

than sells. Specifically, using an extended vector error correction model (VECM) 

for bid and ask quotes, they find that the bid and ask quotes do not adjust 

symmetrically after trades take place: The ask quote change as a result of a buyer-

initiated trade is larger than the bid quote change as a result of a similar seller-

initiated trade. Chan and Lakonishok (1995) and Keim and Madhavan (1997) study 

the execution cost of U.S. stock trades made by large investment management 

firms. Both studies find asymmetric price behavior associated with buys and sells: 

Buys are more expensive to trade than sells, even after controlling for several 

differences in order characteristics. 

Saar (2001) proposes that stock price history is a determinant of buy-sell 

asymmetry: Block trades during periods of poor performance or little price 

appreciation (a price run-up) induce stronger (weaker or even negative) positive 

asymmetry.38 Keim (2003) and Chiyachantana et al. (2004) argue that prevailing 

market conditions are the main driver behind previously documented buy-sell 

asymmetry of price impact and trading cost. Specifically, they suggest that buys 

(sales) in rising (falling) markets are more expensive (i.e., have a larger total price 

impact) than buys (sales) in falling (rising) markets because there is an excess 

demand (supply) for stock in bullish (bearish) markets. They claim this demand is 

the result of a combination of two factors: (1) increased demand for liquidity on the 

buy side as a result of positive feedback traders and (2) reduced supply because of 

unwillingness by the owners of recently appreciated stocks to sell their stocks in 

order to avoid realizing their capital gains. This line of reasoning is also applies to 

sells in falling markets. 

                                                 
38A positive (negative) asymmetry mean that buys (sales) have a larger permanent price 
impact than sales (buys). 
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The present study argues that a contemporaneous market condition is the 

key factor affecting permanent and temporary price impact. In other words, these 

two measures of the price impact (i.e., permanent and temporary price impact) of a 

trade depend on whether the trade supplies liquidity to the market or demands 

liquidity from the market. A buyer-initiated trade during a rising (falling) market is 

considered liquidity-demanding (liquidity-supplying). Likewise, a seller-initiated 

trade during a falling (rising) market is considered liquidity-demanding (liquidity-

supplying). Therefore, a liquidity-demanding trade faces a higher price effect than 

a liquidity-supplying trade. This larger price effect is a result of larger information 

effects.39 In a bullish (bearish) market, the buy (sell) trade carries more information 

than the sell (buy) trade. During a bullish (bearish) market, the proportion of 

informed trades in the pool of buys (sells) is higher than in the pool of sells (buys). 

Therefore, during a bullish (bearish) market, the major portion of the total price 

effect of buys (sells) becomes a permanent price effect (i.e., the larger proportion 

of the total price impact paid by the buyers [sellers] becomes permanent). 

Moreover, in an extremely bullish or bearish market, the information effects could 

even be more pronounced and greater in magnitude than the total price impact (i.e., 

the trading cost paid by a trade initiator). In this situation, the liquidity providers of 

the trade get picked off and regret trading. As a result, in a bullish (bearish) market, 

the buy (sell) incurs a larger permanent price impact than the sell (buy), and the 

temporary price impact, or the so-called price reversal, will be less or even negative 

                                                 
39For example, the standard asymmetric information models by Glosten and Milgrom 
(1985) and Easley and O’Hara (1987) predict that a portion of spread is due to adverse 
selection costs faced by liquidity suppliers. The prediction is also supported by empirical 
evidence from, for example, Glosten and Harris (1988) and Huang and Stoll (1997). 
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(i.e., price continuation) for the buy (sell). These arguments lead to the following 

hypotheses: 

Hypothesis 1: During a rising (falling) market, buys (sells) incur a more permanent 

price impact but a less temporary price impact (i.e., price reversal) or even higher 

price continuation than sells (buys).  

 

Hypothesis 1.1: Buys (sells) incur a more permanent price impact and a less 

temporary price impact (i.e., price reversal) or even higher price continuation 

during a rising (falling) market than during a falling (rising) market. 

 

There are two alternative hypotheses to our main hypotheses. The first 

alternative hypothesis is the well-known belief that buys are more informationally 

motivated than sells (see, for example, Burdett and O’Hara 1987; Chan and 

Lakonishok 1993; Griffiths et al. 2001; Keim and Madhavan 1995, 1996). 

Therefore, according to this hypothesis, buys have a larger permanent price impact 

and less price reversal or even higher price continuation than sells, regardless of 

contemporaneous market conditions. This hypothesis is expected to be applicable 

to large trades. In general, large trades are more likely to be more informative than 

small trades because small trades are likely to be liquidity driven, speculative, or 

encouraged by brokers to accumulate stock positions for small price effects. On the 

other hand, large trades can result in a significant change in company ownership 

and probably provide information (Bozcuk and Lasfer 2005; Chan and Lakonishok 

1993; Easley and O’Hara 1987; Glosten 1989; Keim and Madhavan 1996). 

Therefore, the asymmetric response of price effects to small buys and small sells is 

not anticipated. For large trades, however, the buy-sell asymmetry in information 

conveyed by trades is expected. The seller of a large sale may trade on negative 

information or for liquidity reasons. This liquidity motivation, however, is hard to 
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defend for a large buyer (Burdett and O’Hara 1987; Chan and Lakonishok 1993). 

Even in bear markets, a block buy of a certain company (let alone a large buy in 

bull markets) is unlikely to be liquidity driven and more likely to be driven by 

favorable information. Large sells in a rising market, on the other hand, may not 

necessarily signal unfavorable news, but they could imply a large liquidation of 

stock positions at comparatively good prices. Therefore, for (very) large trades, the 

buy-sell asymmetry of price impact (i.e., permanent and temporary price impact) 

between buys and sells is expected. 

The other alternative hypothesis is based on Saar’s (2001) theoretical 

model. His model proposes that a stock’s history of price performance is a 

determinant of a buy-sell asymmetry of permanent price impact: the longer the run-

up in a stock’s price, the less the asymmetry.40 Specifically, large trades during 

periods of poor performance or little price appreciation induce stronger positive 

asymmetry (i.e., a permanent price impact of buys exceeds the permanent price 

impact of sales). On the other hand, trades occurring after a long period of price 

run-up will exhibit weaker or even negative asymmetry (i.e., permanent price 

impact of buys just exceeds or is lower than the permanent price impact of sells). 

 

2.3   Data and Methodology 

2.3.1   Data 

In the present study, we use the transaction data for all securities traded on 

SET during three periods: March 29, 2000 to October 11, 2000, November 9, 2000 

to July 31, 2001, and November 16, 2001 to June 13, 2002. The data were captured 

on-line in real time from Reuters and contain a time sequence of quote and trade 

                                                 
40Asymmetry is defined as “the permanent price impact of purchases minus the permanent 
price impact of sells.” 
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records. Each trade record contains security name, date, time, and traded price, 

while each quote record contains the prevailing best bid and ask. The three distinct 

periods of our data are selected according to market conditions.41 During the first 

period (i.e., March 29, 2000 to October 11, 2000), the SET index plummeted from 

412 to 251, signifying a bearish market condition. In the second period (i.e., 

November 9, 2000 to July 31, 2001), the overall market return was -0.6%, 

indicating a neutral market condition. During the third period (i.e., November 16, 

2001 to June 13, 2002), the SET index surged from 268 to 426 (equivalent to an 

increase of 46%), which indicates an extremely bullish market.  

There are restrictions for stocks included in our analysis. First, an active 

trading day is defined as a day with a minimum of 20 trades, and a stock must have 

at least 130 active trading days in each of the three subperiods to be included in the 

analyses.42 This resulted in 71 liquid stocks, with approximately 4.7 million trades. 

Second, trades that do not occur during normal trading hours (i.e., 10.00 AM to 

12.30 PM, or 14.30 PM to 16.30 PM) are excluded from the analyses because these 

trades are transacted under a call auction system, which differs from the continuous 

trading system applied during normal trading hours. Third, trades that occur when a 

spread is negative are excluded from our analyses. 

 

                                                 
41 The following criteria are used to select the three periods of study (i.e., bear, neutral, and 
bull periods). Based on the available data, we select three periods that correspond to a 
bearish, neutral, or bullish period, respectively. The magnitude and direction of the overall 
market index movement are used to classify such three market conditions. The 
characteristics of the three periods are presented in Table 2.1. Furthermore, in order to 
mitigate any potential biases, the absolute price change of the Thai index during bear and 
bull periods should be as close as possible, and the length of all three periods also should 
not be too different from each other. As a robustness check, we redo the analyses on the 
data with different periods. The results, not reported, are qualitatively the same as those on 
the original data. 
42Ding and Charoenwong (2003) suggest that spreads of thinly traded futures contracts 
computed from days with trades are more informative than those computed from days 
without trades. 

 64

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



2.3.2   Methodology 

2.3.2.1  Trade Side Classification 

The present study uses Lee and Ready’s (1991) quote-based rule to classify 

trades into buyer-initiated or seller-initiated trades. Trades completed at prices 

above (below) the prevailing quote midpoint are classified as buyer-initiated 

(seller-initiated). Trades executed at the prevailing quote midpoint are assigned by 

the tick test: That is, trades at a higher (lower) price compared to the price of the 

most recent trade are classified as buyer-initiated (seller-initiated) trades. In the 

TAQ database for U.S. stocks, trade reports are frequently delayed, and report 

times lag behind actual transaction times. Lee and Ready suggest a 5-second 

allowance so that trade times are deducted by 5 seconds before the trade and quote 

are matched. However, the present study does not use the 5-second delay in trade 

report times because the trade and quote time are usually perfectly matched on 

SET. In cases where there is a time difference between the quote and trade, the 

difference is always no more than 1 second. 

 

2.3.2.2  Price Impact Calculation 

The present study uses three empirical measures of price impact: total, 

permanent, and temporary price impact (see Chan and Lakonishok 1993; Kraus and 

Stoll 1972). The permanent price impact is considered an information effect, while 

the temporary price effect is considered a liquidity effect. The total price effect, 

regarded as the total price change around a trade, is the sum of the permanent and 

temporary price effects. Figure 2.1 illustrates the three measures of price impact of 

a trade.  
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The total price impact of a trade is measured as the percentage change from 

a true or unperturbed value of a security to the volume-weighted average executed 

prices of the shares filling the trade. The midpoint quotes at the trade time are used 

as a proxy of the true value of a security (see Boehmer 2005; Griffiths et al. 2000; 

Smith et al. 2001). The three measures of price impact (i.e., total, permanent, and 

temporary price impact43) are defined below.  

The total price impact is mathematically defined as follows: 

)/log( quotemidVWAPTPI −=    for buyer-initiated trade 

)/log( VWAPquotemidTPI −=   for seller-initiated trade 

where TPI refers to the total price impact of a trade, VWAP refers to the volume 

weighted average of the prices of the shares filling a trade, and mid-quote refers to 

the midpoint quote immediately before a trade. 

The permanent price impact is mathematically defined as follows: 

)0/60log()/60log( SETSETquotemidmidPPI −−=   for buyer-

initiated trade 

)60/0log()60/log( SETSETmidquotemidPPI −−=  for seller-

initiated trade 

where PPI refers to the permanent price impact of a trade, mid60 refers to the 

midpoint of a quote 60 minutes after a trade is executed,44 and mid-quote refers to 

                                                 
43Our definitions of total, permanent, and temporary price impact correspond roughly to 
effective half spread, price impact, and realized half spread used by Bessembinder (2003b) 
and Bessembinder and Kaufman (1997a, 1997b). 
44The present study also uses the midquote 30 minute after a trade as a measure of post-
trade security value. The results for a 30-minute window are qualitatively the same as 
those for 60-minute window. From the existing literature, several proxies for post-trade 
value are used. For example, Kaniel and Liu (2006) use a 1-hour and 1-day window. 
Bessembinder and Kaufman (1997a, 1997b) and Bessembinder (2003b) use a 30-minute 
horizon. Venkataraman (2001) uses the first transaction price reported at least 30 minutes 
after a trade, and the midpoint of the first quotes reported after 12 noon on the next trading 
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the midpoint quote immediately before a trade. SET60 is the Stock Exchange of 

Thailand (SET) index value 60 minutes after a trade is executed. SET0 is the SET 

index value at the time of a trade. Consistent with prior studies (e.g., Bessembinder 

and Venkataraman 2004; Chiyachantana et al. 2004; Frino et al. 2005; Kraus and 

Stoll 1972), the permanent price effect is adjusted for overall market movements by 

subtracting the SET index return from the permanent price impact measure. A 

market-wide-adjusted permanent price impact can arguably be a more appropriate 

measure of information content conveyed by a trade because the effect of 

systematic price movement is removed.45 

The temporary price impact is mathematically defined as follows: 

)0/60log()60/log( SETSETmidVWAPTempPI +=   for buyer-

initiated trade 

)60/0log()/60log( SETSETVWAPmidTempPI +=  for seller-

initiated trade 

where TempPI refers to the temporary price impact of a trade, VWAP refers to the 

volume weighted average of the prices of shares filling a trade, and mid60 refers to 

the midpoint of a quote 60 minutes after a trade is executed. SET60 is the SET 

index value 60 minutes after a trade is executed. SET0 is the SET index value at 

the time of a trade. Like the permanent price impact measure, the temporary price 

effect is adjusted for overall market movements by adding the SET index return to 

the temporary price impact measure. A market-wide-adjusted temporary price 

                                                                                                                                        
day. Bessembinder and Venkataraman (2004) use four different horizons: the first two 
horizons are the same as those of Venkataraman (2001), and the next two horizons are the 
midpoint of the closing quotes on the next (third) trading day after a trade. Huang and Stoll 
(1996) use the first trade prices 5 minutes and 30 minutes after an order is executed. 
Werner (2003) and Boehmer (2005) use the midpoint quote 5 minutes after a trade. 
45Like the study by Keim and Madhavan (1996), the present study does not make any 
adjustment for an individual stock’s market beta.  
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impact can arguably be a more appropriate measure of liquidity effect because the 

effect of systematic price movement is removed. 

 

2.3.2.3  Regression Analysis 

The three measures of price impact are, in fact, jointly determined by the 

variables affecting them. To disentangle the separate effects of all factors 

influencing price impact, the present study employs a regression model.46 

Measures of market capitalization and trade size explain some of the 

variation in price impact47; however, previous studies (e.g., Harris 2003) suggest 

that the price impact of a trade is determined by two factors: depth and spread. 

Depth determines the cost for a trade with a relatively large size. On the other hand, 

the bid-ask spread is considered the minimum cost, irrespective of trade size. A 

lower limit on the bid-ask spread is determined by the minimum tick size, which 

suggests that the percentage spread is directly related to the inverse of a stock price 

(Harris 1994). Therefore, the inverse of a stock price is included in the regression 

model as one of the independent variables. In addition, spread increases in stock 

price volatility,48 and a trading cost (e.g., posted spread) is positively related to 

stock volatility.49 Therefore, stock price volatility is included in our regression 

equation. Trade size is a proxy for the amount of information conveyed by a trade, 

and as a result, larger trade sizes indicate higher permanent price impact (Easley 

and O’Hara 1987; Keim and Madhavan 1996). Therefore the dummy variables 

                                                 
46Note that in previous univariate analyses the results are based on both value-weighted 
and simple means; however, the regression model uses no weighting scheme. 
47See Bessembinder (1997a, 1997b), Easley and O’Hara (1987), Griffiths et al. (2000), and 
Keim and Madhavan (1997, 1998). 
48See, for example, Copeland and Galai (1983) and Ho and Stoll (1981). 
49See Foucault (1999). 
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representing trade sizes are included in our regression equation. Specifically, the 

following cross-sectional regression is run: 

εβββ
ββββ

βββββ
βββββββ
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where Buy0i = Tradesizepct0i* Buyi, Buy25i = Tradesizepct25i* Buyi, Buy50i = 
Tradesizepct50i* Buyi, Buy75i = Tradesizepct75i* Buyi, Buy90i = Tradesizepct90i* 
Buyi, Buy95i = Tradesizepct95i* Buyi, Buy99i = Tradesizepct99i* Buyi.  
 
PPIi is the permanent price impact, and it is defined as the natural logarithm of the 

ratio of the midquote 60 minutes before a trade to the midquote at the time of trade, 

adjusted by market-wide movement. The trade size categories are created in the 

following way: For each firm, all trades are ordered by their size in shares. Each 

firm’s trades are partitioned into seven percentile categories: p0-p25, p25-p50, p50-

p75, p75-p90, p90-p95, p95-p99, p99 up. Seven dummy variables are defined for 

each of those seven percentile categories. That is, Tradesizepct0i, Tradesizepct25i, 

Tradesizepct50i, Tradesizepct75i, Tradesizepct90i, Tradesizepct95i, and 

Tradesizepct99i are the dummy variables representing p0-p25, p25-p50, p50-p75, 

p75-p90, p90-p95, p95-p99, and p99 size categories respectively. Specifically, 

Tradesizepct0i is the dummy variable equal to 1 if the size percentile of the trade is 

between 0 and 25 and zero if otherwise. The remaining six dummy variables are 

defined similarly. Buyi is the dummy variable equal to 1 if a trade is buyer-initiated. 

Firmsizei refers to the natural logarithm of market capitalization of a firm as of the 

beginning day of each of the three subperiods. Priceinvi represents 100 times the 

inverse of a stock price at the time of trade. Volatilityi is the standard deviation of 
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stock returns of each firm in each of the three subperiods. Dailyreti is the 

contemporaneous daily return on a stock. 

For each of the two dependent variables (i.e., permanent price impact, and 

temporary price impact), the above regression equation is estimated separately for 

the three specified market conditions (e.g., bear, neutral, and bull markets). The 

regression equation is also run for all trades and separately for buys and sells. 

 

2.4   Empirical Results 

2.4.1   Descriptive Statistics of Trades 

Table 2.1 provides descriptive statistics about the characteristics of trading 

in the sample of 71 stocks listed on SET during the three distinct periods described 

in the data section. As reported in Panel A, Table 2.1, our data include trades for 71 

stocks across three periods. The number of trading days for Period 1 is roughly the 

same as for Period 3 (i.e., 133 versus 139 trading days), while Period 2 has the 

highest number of trading days (i.e., 177 trading days). Average market 

capitalization and volume-weighted trade price are highest in Period 1, lower in 

Period 2, and slightly higher in Period 3.50 The movement from period to period in 

the values of average market capitalization and volume-weighted traded price is 

consistent with the market return and value-weighted 71-stock return.  

The central difference between the three sample periods is market 

condition. The market return51 in the first period is -49.8%. In the second period, 

market-wide performance is dormant, with a slightly negative market return. The 

market became bullish in the third period, with a market return of 46.3%. The 

value-weighted return of the 71 stocks analyzed in this study follows the market 

                                                 
50Average market capitalization is computed as of the first trading day of each period.  
51Market return is measured by the buy and hold return on the SET index.  
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return trend but with more variability during Period 1 and Period 2, which suggests 

that these 71 stocks’ beta is probably slightly larger than 1. Therefore, it is safe to 

assume that the market condition was bearish in Period 1, neutral in Period 2, and 

bullish in Period 3. With such stark differences in market conditions, a solid test 

about whether and to what extent market conditions influence the asymmetry of 

price impact between buys and sells can be reasonably performed. 

Panel A, Table 2.1 shows that quoted and relative quoted spreads are 

relatively constant from Period 1 to Period 2; however, they are reduced by half in 

Period 3. For example, the quoted spread (relative quoted spread) is 0.400 baht52 

(1.449%) in Period 1, slightly drops to 0.314 baht (1.458%) in Period 2, and 

declines sharply to 0.188 baht (0.701%) in Period 3. The sharp drop in quoted and 

relative quoted spreads in Period 3 is a result of a new minimum tick size rule that 

was first applied in that period (i.e., on November 5, 2001).  

Panel B, Table 2.1 illustrates the characteristics of all trades for the 71 

stocks during the three periods. It also breaks down these characteristics into buyer-

initiated and seller-initiated trades. First of all, the trading activity is sluggish in the 

down market, but livelier in the neutral market, and extremely dynamic in the 

rising market. As shown in Panel B, Table 2.1, the number of trades and daily 

number of trades, the baht volume of trades and daily baht volume of trades, and 

the number of shares traded and daily number of shares traded increase as the 

market becomes more bullish. In addition, average trade size in terms of the 

number of shares (as measured by average number of shares per trade or median 

number of shares per trade) and baht volume per trade is larger as the market 

becomes more bullish. This observation applies for buys and sells.  

                                                 
52At the time of this writing, the exchange rate was approximately 1US$:40 baht.  
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For each of the three periods, trading activity (as measured by daily number 

of trades, daily baht volume of trades, and daily number of shares traded) appears 

to be evenly split between buys and sells; however, seller-initiated trades appear to 

be larger in size than buyer-initiated trades. This observation is more pronounced 

during the bearish market: for example, in Period 1, the average number of shares 

per trade and the baht volume per trade for buyer-initiated trades are 9,547 shares 

and 141,154 baht, respectively, while the corresponding numbers for seller-

initiated trades are 11,305 shares and 165,827 baht, respectively. The observation 

that sells are always larger in size than buys, regardless of market conditions, could 

be consistent with the idea that buys are more informative than sells and, therefore, 

more difficult to execute, which results in buys being broken up into smaller-sized 

trades (Chan and Lakonishok 1993; Keim and Madhavan 1995). Even though the 

fact that sells are larger in size than buys especially during the bear market, could 

be the driver behind the reversed buy-sell asymmetry of price impact (i.e., sell 

price impact is larger than buy price impact), the present study compares price 

impact of buys and sells while controlling for trade size differences by making buy-

sell price impact comparisons for each of the trade size percentile categories. 

The present study further investigates the trade characteristics of the 71 

stocks partitioned by trade size (see Panel A, Table 2.2) and market capitalization 

(see Panel B, Table 2.2). In Panel A, the 71 stocks are divided into seven trade size 

categories for each period. The trade size categories are constructed in the 

following way. For each period and each firm, all trades are ordered by their size in 

shares. For each period, each firm’s trades are divided into the following seven 

percentile categories: less than 25%, 25% to 50%, 50% to 75%, 75% to 90%, 90% 

to 95%, 95% to 99%, and larger than 99%. The share size cutoffs corresponding to 
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each percentile are established based on each firm’s trade size distribution in each 

period; therefore, the cutoffs vary in absolute share size across firms and periods. 

This trade size classification is used to define trade sizes for each firm relative to 

the order flow experience for the firm over each of the three periods. As expected, 

trade size, as measured by both average and median number of shares per trade and 

by baht volume per trade, increases with the trade size percentile. For example, in 

Period 1, the average number of shares per trade (baht volume per trade) is 935 

shares (12,593 baht) for the less than 25% category and increases to 11,920 shares 

(176,965 baht) for the 75% to 90% category and 178,878 shares (2,388,763 baht) 

for the larger than 99% category. Consistent with the results shown in Panel B, 

Table 2.1, it is apparent that for any trade size category trade size in shares (as 

measured by average number of shares per trade or median number of shares per 

trade) increases as the market condition becomes more bullish. In addition, 

percentage of buys is usually higher in small trade size categories and lower in 

large trade size categories.53 This appears to confirm that seller-initiated trades are 

generally larger in size than buyer-initiated trades (see Panel B, Table 2.1). 

In Panel B, Table 2.2, the sample firms are divided equally into three 

groups based on market capitalization at the beginning of each period. As expected, 

the firm size distribution is skewed to the right because the average market 

capitalization of large firms is nearly eight times (30 times) as large as the average 

market capitalization of medium firms (small firms).  

                                                 
53Even though the percentage of buys in Period 2 and Period 3 becomes higher in the larger 
than 99% category, it simply reflects the fact that the degree to which sells are larger than 
buys is lower in neutral and bullish markets (i.e., Period 2 and Period 3), as shown in Panel 
B, Table 2.1. In addition, it may reflect the idea that large trades are informed and move 
the market; That is, large sells (i.e., sells in the larger than 99% category) move the market 
in Period 1 (i.e., falling market), and large buys (i.e., buys in the larger than 99% category) 
move the market in Period 3 (i.e., rising market).  
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During the bearish and neutral markets (i.e., Period 1 and Period 2), the 

number of trades increases with firm size; however, during the bullish market (i.e., 

Period 3), the number of trades is higher in smaller firms. These results suggest that 

during rising markets investors are more speculative and, therefore, active in small 

stocks; on the other hand, during falling markets, investors are conservative and, 

therefore, actively trade large-cap stocks. The value-weighted stock returns also 

support our assumption by showing that small stocks are riskier than large stocks 

(i.e., have more variability in returns). As expected, baht volume of trades increases 

with firm size across all periods. For example, in Period 2, the baht volume of 

trades (daily baht volume of trades) is 190,064 million baht (1,074 million baht) for 

the large firm group and 74,269 million baht (420 million baht) for the small firm 

group. Across all periods, there appears to be no apparent relationship between 

percentage of buys and firm size. Across all periods and firm sizes, the percentage 

of buys simply indicates the fact that sells are larger in size than buys, as also 

shown in Panel B, Table 2.1. For example, across all firm sizes during Period 1, 

buys are more frequent than sells (i.e., the percentages of buys in terms of number 

of trades are all greater than 50%), but buys account for less baht and share volume 

than sells (i.e., the percentages of buys in terms of baht volume of trades and 

number of shares traded are all less than 50%).54 Across all periods, trade size (as 

measured by average and median number of shares per trade) typically decreases as 

firm size increases: For example, in Period 1, the average (median) number of 

shares per trade is 11,805 (5,000) shares for small firms, and it decreases to 8,949 

                                                 
54For Period 2 and Period 3, the percentage of buys in terms of number of trades is greater 
than 50%, and the percentage of buys in terms of baht volume of trades and number of 
shares traded is also greater than 50%. This most likely reflects the fact that the degree to 
which sells are larger in size than buys is lower as the market becomes more bullish (see 
Panel B, Table 2.1). 
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(2,000) shares for large firms. However, baht volume per trade increases 

monotonically with firm size. All of these results substantiate the fact that larger 

firms’ stock prices are higher, which is indeed the case: Across all periods, the 

volume-weighted trade price increases as firm size increases. 

 

2.4.2   The Relationships between the Price Impact of Buyer-Initiated and 

Seller-Initiated Trades and Market Conditions 

Table 2.3 presents arithmetic mean results55 for total, permanent, and 

temporary price impact classified by trade direction and trade size. Table 2.3 also 

shows the difference between the price impact of buys and the price impact of sells. 

Figure 2.2(A) illustrates the results for the buy-sell asymmetry of permanent price 

impact shown in Table 2.3, while Figure 2.2(B) illustrates the results for the buy-

sell asymmetry of temporary price impact. 

Table 2.3 shows that for all trade size categories prices for buyer-initiated 

trades are 0.71%, 0.72%, and 0.35% higher than the quote midpoint prevailing 

immediately before a trade during Period 1, Period 2, and Period 3, respectively. 

These price increases are consistent with the information effect and liquidity effect 

hypotheses. The initial price increase in Period 3 further increases by 0.01% after 

buys, leaving a permanent price impact of 0.36%, which supports the information 

effect hypothesis for buys. This is in line with previous findings that buys are 

associated with price continuation after purchases, implying that the information 

effect dominates the liquidity effect for buys. However, the initial price increases 
                                                 
55In order to make our results comparable to studies that examine the price impact of block 
and institutional equity trades (e.g., Chan and Lakonishok 1993, 1995), our study also 
computes the principal-weighted average of each price impact measure (not reported here). 
This procedure follows the norm in the investment industry and permits evaluation of the 
overall dollar amount of the price impact. However, the results from the principal-
weighted mean procedure are qualitatively similar to the arithmetic mean results reported 
in this article. 
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of 0.71% (0.72%) in Period 1 (Period 2) are reversed by 0.25% (0.15%) after buys, 

making 0.46% (0.58%) of the total price increase permanent. Information and 

liquidity effects both appear to be valid. These results for Period 1 and Period 2 

appear to slightly contradict previous findings about the price impact of block and 

institutional trades, but they support hypothesis 1.1 (i.e., buys have a higher 

permanent price impact and less temporary price impact during bull markets than 

during bear markets). 

In Period 1, Period 2, and Period 3, there is an average drop in prices of 

0.72%, 0.72%, and 0.35%, respectively, from the midpoint quote prevailing 

immediately before a seller-initiated trade to the executed selling price. These 

figures are nearly exactly the same in magnitude as those for buys (i.e., 0.71%, 

0.72%, and 0.35%). The price drop of sells is also consistent with the information 

and liquidity effect hypotheses. The initial price drop in Period 3 encounters an 

almost complete reversal of 0.28% after sells, creating a permanent price effect of 

merely 0.07%. This is in line with previous findings that sells are associated with 

price drops and reversed fully after sales, which implies that the price effects of 

seller-initiated trades are primarily temporary. However, the initial price drops of 

0.72% (0.72%) in Period 1 (Period 2) are reversed by 0.16% (0.34%) after sells 

take place, creating a permanent price effect of 0.56% (0.38%) for Period 1 (Period 

2). Information and liquidity effects appear to be valid explanations for this price 

movement. Therefore, the results for Period 1 and Period 2 appear to moderately 

contradict previous findings that show the price effects of sells are caused mainly 

by liquidity effects, but again, they support hypothesis 1.1 (i.e., sells have higher 

permanent price impact and less temporary price impact during falling markets 

than during rising markets). 
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The results of the asymmetry of price impact in Table 2.3 show that the 

price behavior around buys and sells is largely driven by market conditions, as 

hypothesized. There exists a buy-sell asymmetry for the two components of price 

impact (i.e., permanent and temporary price impact), and asymmetry is influenced 

by market conditions. Figure 2.2(A) and Figure 2.2(B) illustrate the results shown 

in Table 2.3. Figure 2.2(A) and Figure 2.2(B) present the relationship, classified by 

trade size, between market conditions and the buy-sell asymmetry of permanent 

and temporary price impact, respectively. Consistent with hypothesis 1, when the 

market is bullish (i.e., Period 3), a buyer-initiated trade incurs a higher permanent 

price impact (0.36% versus 0.07%) and lower temporary price impact (-0.01% 

versus 0.28%) than a seller-initiated trade. In the bullish market, price effects of 

buys are principally permanent, while price effects of sells become temporary. This 

buy-sell asymmetry of price impact is illustrated by previous studies that examine 

institutional equity trades (e.g., Chan and Lakonishok 1993, 1995; Keim and 

Madhavan 1997) and block trades (e.g., Holthausen 1987, 1990; Keim and 

Madhavan 1996; Kraus and Stoll 1972). However, the situation changes when we 

move from bullish to bearish periods. In the neutral market (i.e., Period 2), the 

degree of buy-sell asymmetry of price impact lessens. The difference between 

permanent (temporary) price impact of buys and sells decreases (increases) from 

0.29% (-0.29%) in the bullish market to 0.20% (-0.20) in the neutral market. In the 

bearish market (i.e., Period 1), the results of the buy-sell asymmetry of permanent 

and temporary price impact are inconsistent with the results of previous studies, but 

they support hypothesis 1. Evidently, the buy-sell asymmetry of price impact found 

in bullish market conditions reverses when the market is bearish. In the bearish 

market (i.e., Period 1), sells incur a larger permanent price impact than buys 

 77

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



(0.56% versus 0.46%) and a smaller temporary price impact than buys (0.16% 

versus 0.25%), which indicates that the price effects of sells are relatively more 

permanent than the price effects of buys. While there is a reverse in buy-sell 

asymmetry of total price impact (i.e., the total price impact of sells is higher than 

the total price impact of buys), which was discovered by Chiyachantana et al. 

(2004), the reverse in buy-sell asymmetry of permanent and temporary price 

impact has not been identified until the present study.56 This discovery highlights 

the contribution made by this study.  

From the results for a large-sized trade (e.g., trade size larger than 99%), 

one important implication is revealed. As discussed earlier, the buy-sell asymmetry 

of permanent and temporary price impact in Table 2.3 is influenced by market 

conditions; however, as shown on Figure 2.2(A), for larger trade size categories, it 

appears that the permanent price impact of buys is always larger than the 

permanent price impact of sells, regardless of market conditions. This is consistent 

with the alternative hypothesis that large buys are better informed than large sells. 

For example, for trades in the largest trade size category (i.e., larger than 99%), 

although the buy-sell asymmetry of permanent price impact is reduced from 0.48% 

in the bull market to 0.14% in the bear market, the permanent price impact of buys 

still stays higher than the permanent price impact of sells for each of the three 

different market conditions, which supports the hypothesis that buys are more 

informative than sells. These results are also found for trades in the 95% to 99% 

category. Therefore, for very large trades, the buy-sell asymmetry of permanent 

                                                 
56To the best of our knowledge, there has been no study that examines the relationship 
between market condition and the buy-sell asymmetry of permanent and temporary price 
impact. 
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price impact is consistent with the hypothesis that buys are more informed than 

sells.  

Finally, Table 2.3 shows a preliminary relationship between trade size and 

price impact. The total and permanent price impact increases with trade size, while 

the temporary price effect decreases with trade size. If the total price impact is 

regarded as the implicit execution cost, these results suggest that larger trades are 

more expensive. This is consistent with the theoretical predictions by Easley and 

O’Hara (1987) and the empirical evidence about institutional equity trades 

discovered by Keim and Madhavan (1997, 1998). The larger permanent price 

impact and smaller temporary price impact of large trades indicate that large trades 

have more information than small trades (Easley and O’Hara 1987). For larger 

trades, the total price impact is primarily permanent; on the other hand, the price 

effect of smaller trades is driven more by liquidity than by information. This 

exploratory relationship is further investigated in the regression analysis in the 

Multivariate Analyses section.  

 

2.4.3   Tests of the Alternative Theoretical Explanation about the Asymmetry 

of Permanent Price Impact between Buys and Sells 

The previous section provides strong evidence that shows the influence of 

contemporaneous market conditions on the asymmetry of price impact between 

buys and sells. Saar (2001), however, develops a theoretical model to provide an 

alternative explanation about the asymmetric permanent price impact between buys 

and sells. His model associates a stock’s history of price performance to permanent 

price impact asymmetry. Specifically, his model predicts a negative relationship 

between the buy-sell asymmetry of permanent price impact and q, where q 
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represents a stock’s past price performance and is defined as the number of 

consecutive days in which the stock had good-information events up to yesterday.  

Figure 2.3 illustrates the empirical and theoretical57 relationship between 

permanent price impact asymmetry and q. Saar’s theoretical prediction about the 

relationship between q and permanent price impact asymmetry is represented by 

prediction. The prediction suggests that asymmetry is highest when a stock did not 

go up yesterday (i.e., q = 0), and it becomes less as q becomes higher (i.e., a stock 

experienced a longer price run-up). The empirical evidence, represented by 

empirical, does not appear to support the prediction. The evidence shows that for 

most values of q the values of asymmetry are positive, except when q = 4 and 7 and 

the asymmetry values are negative. In short, empirically, it appears that a stock’s 

history of price performance does not explain the asymmetry of permanent price 

response to buys and sells. 

The present study also examines the empirical relationship between 

permanent price impact asymmetry and a stock’s history of price appreciation by 

dividing the sample data shown on Figure 2.3 into three subsamples, which are 

based on three prevailing market conditions (i.e., bear, neutral, and bull market 

conditions). Figures 2.3(A), 2.3(B), and 2.3(C) illustrate the empirical relationship 

between buy-sell permanent price impact asymmetry and a stock’s history of price 

run-up when market conditions are bearish, neutral, and bullish, respectively. Like 

the empirical results illustrated on Figure 2.3, the results for the three market 

conditions on Figure 2.3(A), 2.3(B), and 2.3(C) do not show any pattern similar to 

the pattern suggested by the prediction. On the contrary, asymmetry appears to 

support our hypotheses that permanent price impact asymmetry is driven by 

                                                 
57The theoretical relationship between permanent price impact asymmetry and q shown on 
Figure 2.3 is similar in shape to Figure 3 in Saar (2001, p. 1174). 
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concurrent market conditions: That is, asymmetry is not related to q values but to 

concurrent market conditions. During the bear market (see Figure 2.3[A]), 

asymmetry is mostly negative, irrespective of q values, while asymmetry during the 

neutral market (see Figure 2.3[B]) becomes more positive, regardless of q values. 

During the bullish market (see Figure 2.3[C]), almost all asymmetry is positive 

across a variety of q values. Therefore, the relationship between a stock’s history of 

price performance and asymmetry of price response to buys and sells is not 

empirically supported. However, it appears that asymmetry is more or less 

influenced by contemporaneous market conditions, as indicated earlier by our 

hypotheses.  

The asymmetry of permanent price impact between buyer-initiated trades 

and seller-initiated trades is further explored by examining the relationship between 

permanent price impact asymmetry and individual stock returns. In order to 

complement the earlier test on Saar’s prediction, the present study examines the 

relationship between an individual stock’s past returns and its current asymmetry of 

permanent price impact between buys and sells. Instead of measuring a stock’s past 

performance by q, it is now measured by the magnitude of the stock’s past returns. 

In addition to a stock’s past return, the present study examines the relationship 

between a stock’s current return and its current price impact asymmetry. This 

examination is used as a robustness check for our hypotheses and as a comparison 

benchmark for the asymmetry predictability of an individual stock’s past return. 

These analyses allow for the possibility of some negative-return 

days/weeks/months within the broadly bullish period (i.e., Period 3), some 

positive-return days/weeks/months within the generally bearish period (i.e., Period 

1), and both positive- and negative-return days/weeks/months within the neutral 
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period (i.e., Period 2). These analyses also address any potential biases caused by 

the change in minimum tick size rule first applied during Period 3. Following 

Saar’s prediction, the negative correlation between a stock’s past return and the 

current buy-sell asymmetry of price effect is expected. On the other hand, 

according to hypothesis 1, a stock’s current return should be positively correlated 

with the buy-sell asymmetry of permanent price impact. In addition, even within 

the generally bearish (bullish) market, the days/weeks/months with positive 

(negative) returns are still expected to be associated with positive (negative) 

permanent price impact asymmetry. 

Table 2.4 shows the correlation values between individual stock conditions 

and permanent price impact. Across all periods, the correlation values between 

yesterday’s stock returns and the permanent price impact of buys (sells) ranges 

from -0.01 to -0.05 (-0.05 to 0.01), while the correlation between yesterday’s stock 

returns and permanent price impact asymmetry (i.e., permanent price impact of 

buys minus the permanent price impact of sells) is between -0.04 and 0.03. The 

results by day of the week also reveal a very low correlation between previous day 

return and permanent price impact measures. On the contrary, the correlation 

between contemporaneous stock return and permanent price impact is much 

stronger and has expected signs. Across all three market conditions, the correlation 

between current day return and price impact of buys is approximately 0.30, and the 

correlation between current day’s stock return and price impact of sells is between -

0.32 and -0.51. The relationship between permanent price impact asymmetry (i.e., 

buys – sells) and current day’s stock return is also strong, with correlation values 

ranging from a significant 0.35 to 0.41 across all three market conditions. Once 

again, across day of the week, the correlation between current day return and 
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permanent price impact clearly indicates a strong relationship with expected signs. 

Finally, the correlation results for week and month periods resemble the results for 

day period. Therefore, the results shown in Table 2.4 provide further support for 

hypothesis 1 and, at the same time, cast doubt on the explanation that a stock’s 

history of price performance plays a role in determining the permanent price 

impact asymmetry between buys and sells. 

 

2.4.4   Multivariate Analyses 

Table 2.5 presents the coefficient estimates, along with adjusted R2 values, 

of the regression equation outlined in the Regression Analysis section. Although 

the adjusted R2 values are not high58, almost all of the coefficient estimates are 

statistically significant and have predicted signs. Through regression analyses, the 

univariate results reported in Table 2.3 are mostly confirmed, even after controlling 

for several possible factors affecting permanent price impact.  

The regression for all trades employs dummy variables for buys to examine 

the asymmetry of permanent price impact in the three distinct market conditions. 

Our hypotheses anticipate negative (positive) coefficient values for buy indicator 

variables in bearish (bullish) periods. In addition, the present study examines 

whether different trade sizes have different impacts on the asymmetry of permanent 

price impact by having a unique buy indicator variable for each of the seven trade 

size categories. Finally, for each period, the regression is run separately for buyer- 

and seller-initiated trades to examine the relationship between permanent price 

impact and contemporaneous individual stock returns; therefore, buy dummy 

                                                 
58 The low R2 values in the present study, however, are consistent with the findings of 
previous research (e.g., Chiyachantana et al 2004). 
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variables are dropped, but the current return of individual stock (i.e., dailyreturn) is 

added.  

Consistent with the findings shown in Table 2.3, Table 2.5 shows that the 

dummy variables for buyer-initiated trades are negative (positive) during bearish 

(bullish) market conditions and are statistically significant at the 5% level and, 

more important, economically significant. Even after controlling for other factors 

affecting permanent price impact (i.e., firm size, stock price, stock price volatility, 

and trade size), buys have a lower permanent price impact than sells in the bear 

market (i.e., shown by the negative values of buy dummy variables) but have a 

higher permanent price impact than sells during the neutral and bull markets (i.e., 

shown by the positive values of buy dummy variables). For example, for trades 

with a size less than 25%, the permanent price impact of buys is 22bps (22bps) 

lower (higher) than equivalent sells during the bear (bull) market. Also consistent 

with the results in Table 2.3 and Figure 2.2(A), Table 2.5 shows that across all 

periods the values of buy dummy variables become larger from buy0 to buy99: 

That is, as trade size increases, the buy-sell asymmetry of permanent price impact 

is larger (i.e., buys become more informed than sells for larger trades). For 

example, during the bear, neutral, and bull markets, the buy-sell asymmetry of 

permanent price impact increases monotonically from -0.22%, 0.15%, and 0.22%, 

respectively, in the smallest trade size category to 0.12%, 0.40%, and 0.48%, 

respectively, in the largest trade size category. In addition, after controlling for 

other factors (i.e., firm size, volatility, stock price, and trade size), buys in the 

largest trade size category always have a larger permanent price impact than sells 

in the same category, ranging from 12bps in the bear market to 48bps in the bull 
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market. These results support the univariate results in Table 2.3, which show that 

large buys are more informed than large sells.  

The coefficients of factors affecting permanent price impact are mostly as 

expected. Stocks of large firms have a lower permanent price impact because the 

asymmetric information problem is less prevalent in large firms than in small firms. 

Lower-priced stocks have a higher permanent price impact. Firms with volatile 

stock prices also have a higher permanent price impact. Finally, larger trades have 

a higher permanent impact on stock prices.  

According to the separate regressions for buys and sells across all market 

conditions, the permanent price impact of buys (sells) has a positive (negative) 

relationship to contemporaneous stock return. Both relationships are statistically 

and economically significant. Across all three market conditions, on a day with 

stock rising (declining), the price impact of buys increases (decreases) while the 

price impact of sells decreases (increases) after firm size, stock price, stock price 

volatility, and trade size are controlled. A 1% increase (decrease) in stock returns 

increases (decreases) the permanent price impact of buys by 9.46, 11.71, and 

13.35bps and lowers (increases) the permanent price impact of sells by 10.36, 

12.73, and 13.10bps during Period 1, Period 2, and Period 3, respectively. The 

strong positive (negative) relationship between contemporaneous stock return and 

permanent price impact of buys (sells) obtained through regression analyses 

substantiates hypotheses 1 and 1.1. 

 

2.4.5   Robustness Checks 

The midpoint quote 30 minutes after a trade, instead of 60 minutes, is used 

as a post-trade benchmark price for calculating permanent and temporary price 
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impact. For trade size classification, trade sizes are classified by absolute number 

of shares traded. Specifically, trades are divided into five categories: 0 to 1,000 

shares, 1,000 to 5,000 shares, 5,000 to 10,000 shares, 10,000 to 50,000 shares, and 

more than 50,000 shares. The results for trade size classification are similar to the 

results for percentile classification. Previous studies (e.g., Holthausen et al. 1987, 

1990) that examine the price impact of block trades classify trades according to the 

percentage of outstanding shares. Bozcuk and Lasfer (2005), however, find that 

trade size measured by the percentage of shares outstanding is not proper for 

testing the relationship between trade size and information conveyed by a trade. 

Under different robustness checks, our key findings are largely unchanged. For the 

sake of brevity, the results of these robustness checks are not reported. 

 

2.5   Conclusion 

Previous studies that examine institutional and block trades suggest that 

markets react differently to buys and sells. Price increases after large buys tend to 

remain the same or go up, while large sells are associated with price drops, which 

are then substantially reversed. In other words, price changes associated with buys 

(sells) are primarily permanent (temporary). The widely accepted explanation put 

forth in the literature is that buys are more informative than sells.  

The present study proposes that market conditions drive the buy-sell 

asymmetry of permanent and temporary price impact of trades: That is, the two 

measures of price impact (i.e., permanent and temporary price impact) of a trade 

are determined by whether the trade supplies liquidity to the market or demands 

liquidity from the market. A trade in the same direction as (opposite direction to) 

the general market movement is considered a liquidity-demanding (liquidity-
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supplying) trade. A liquidity-demanding trade (i.e., buys in rising markets or sells 

in falling markets) has a larger permanent price impact and less temporary price 

impact than a liquidity-supplying trade (i.e., buys in falling markets or sells in 

rising markets). Specifically, the present study hypothesizes that during a bullish 

(bearish) market buys (sells) incur a more permanent price impact and less 

temporary price impact than sells (buys). The study provides empirical evidence 

that supports these hypotheses: That is, during the bullish market, the well-known 

asymmetry is detected; however, during the bearish market, asymmetry is reversed. 

This empirical result disproves the hypothesis that buys are more informative than 

sells because whether buys have a higher or lower permanent price impact than 

sells depends on contemporaneous market conditions. Our results are also 

confirmed after controlling for differences in stock characteristics and trade size 

through regression analyses.  

For a very large-sized trade, even after controlling for differences in stock 

characteristics through regression analyses, the permanent price impact of buys is 

always larger than the permanent price impact of sells, regardless of market 

conditions, although the buy-sell asymmetry of permanent price impact is reduced 

from 0.48% in a bull market to 0.14% in a bear market. This finding is consistent 

with the well-known hypothesis that large buys are better informed than large sells.  

The present study also hypothesizes that buys (sells) incur a more 

permanent price impact, with less temporary price impact during the bullish 

(bearish) market than during the bearish (bullish) market. Our empirical results 

support these hypotheses: That is, when the stock price rises (falls) by 1%, the 

permanent price impact of a buyer-initiated trade increases (decreases) by 
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approximately 9.46 to 13.35bps, and the permanent price impact of a seller-

initiated trade decreases (increases) by approximately 10.36 to 13.10bps. 

The present study also conducts an empirical test that examines Saar’s 

(2001) model. According to Saar’s model, the permanent price impact asymmetry 

between buys and sells is influenced by a stock’s history of price performance: the 

longer the run-up in a stock’s price, the less the asymmetry (where asymmetry is 

defined as the permanent price impact of buys minus the permanent price impact of 

sells). The empirical results do not support the hypothesis that a stock’s history of 

price performance drives the buy-sell asymmetry of permanent price impact. On 

the contrary, the results appear to confirm our hypothesis that buy-sell permanent 

price impact asymmetry is driven by contemporaneous market conditions.  
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Table 2.1 
Summary of Overall Trading Characteristics 

 
This Table shows the characteristics of trading in 71 liquid stocks listed on the Stock 
Exchange of Thailand from March 2000 to June 2002. The sample period is divided into three 
market-wide conditions. Panel A presents overall statistics for each subsample. Panel B 
categorizes the overall sample characteristics at the trade level and includes the trade 
characteristics of buy and sell trades separately in addition to the combined statistics of all 
trades. 
 
Panel A: Overall Sample Characteristics 

Period 1 Period 2 Period 3

(Mar 2000 - Oct 2000) (Nov 2000 - Jul 2001) (Nov 2001 - Jun 2002)

Number of stocks 71 71 71
Number of trading days (days) 133 177 139
Average market cap (million baht) 19,484 13,309 14,271
Volume-weighted trade price (baht) 14.72 12.64 12.51

Market return
Value-weighted 71-stock return -59.4% -6.9%

Quoted spread (baht) 0.400 0.314
Relative quoted spread 1.449% 1.458%

-49.8% -0.6% 46.3%
44.7%

0.188
0.701%

 
 
Panel B: Trade Characteristics 

All Buys Sells All Buys Sells All Buys Sells

Number of trades 960,036 497,687 462,349 1,662,025 859,831 802,194 2,119,541 1,093,766 1,025,775
Daily number of trades 7,218 3,742 3,476 9,390 4,858 4,532 15,248 7,869 7,380

Baht volume of trades (million baht) 146,921 70,250 76,670 403,692 204,976 198,716 565,170 289,623 275,546
Daily baht volume of trades (million baht) 1,105 528 576 2,281 1,158 1,123 4,066 2,084 1,982

Number of shares traded (million shares) 9,978 4,751 5,227 31,944 16,197 15,746 45,195 23,070 22,125
Daily number of shares traded (million shares) 75 36 39 180 92 89 325 166 159

Average number of shares per trade 10,394 9,547 11,305 19,220 18,838 19,629 21,323 21,092 21,569
Median number of shares per trade 3,000 3,000 3,000 5,000 5,000 5,000 6,000 5,000 6,100
Baht volume per trade 153,037 141,154 165,827 242,892 238,391 247,715 266,647 264,794 268,623

Period 1 Period 2 Period 3

(Mar 2000 - Oct 2000) (Nov 2000 - Jul 2001) (Nov 2001 - Jun 2002)
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Table 2.3 
Price Impact of Trades 

 
This Table shows the arithmetic average values (in percent) of the three measures of price impact 
(i.e., total, permanent, and temporary price impact), classified by trade size, overall market 
conditions, and order direction (i.e., buys or sells). The sample comprises all trades in 71 liquid 
stocks listed on the Stock Exchange of Thailand from March 2000 to June 2002. The sample is 
divided into three market-wide conditions. The three measures of price impact for buyer-initiated 
trades are computed as follows: 1) total price impact is defined as “the natural logarithm of the 
ratio of the executed price to the midpoint quote at the time of trade,” 2) permanent price impact is 
defined as “the natural logarithm of the ratio of the midquote 60 minutes before the trade to the 
midquote at the time of trade,” and 3) temporary price impact is defined as “the natural logarithm 
of the ratio of the executed price to the midquote 60 minutes before the trade.” The three 
components for seller-initiated trades are the minus of the above three expressions for buyer-
initiated trades. Permanent and temporary price impact is adjusted by market-wide returns. The 
trade size categories are created in the following way: For each firm, all trades are ordered by their 
share size. Each firm’s trades are then divided into seven percentile categories. All reported figures 
are statistically tested against zero value. Bold-faced type indicates significance at the 5% level. 
 

Buys Sells Buys - 
Sells

Buys Sells Buys - 
Sells

Buys Sells Buys - 
Sells

All Trade Sizes Total 0.71 0.72 -0.01 0.72 0.72 0.00 0.35 0.35 0.00

Permanent 0.46 0.56 -0.10 0.58 0.38 0.20 0.36 0.07 0.29

Temporary 0.25 0.16 0.09 0.15 0.34 -0.20 -0.01 0.28 -0.29

< 25 Total 0.71 0.72 -0.01 0.75 0.74 0.01 0.35 0.35 0.00

Permanent 0.31 0.54 -0.22 0.48 0.32 0.16 0.26 0.04 0.22

Temporary 0.39 0.18 0.21 0.27 0.42 -0.15 0.09 0.31 -0.22

25 - 50 Total 0.70 0.71 -0.01 0.68 0.69 0.00 0.34 0.34 0.00

Permanent 0.43 0.50 -0.07 0.51 0.33 0.18 0.31 0.04 0.27

Temporary 0.27 0.21 0.06 0.17 0.35 -0.18 0.03 0.31 -0.28

50 - 75 Total 0.70 0.71 -0.01 0.75 0.75 0.00 0.35 0.35 0.00

Permanent 0.45 0.55 -0.10 0.60 0.41 0.19 0.35 0.07 0.28

Temporary 0.25 0.16 0.08 0.15 0.34 -0.19 0.00 0.28 -0.28

75 - 90 Total 0.73 0.75 -0.01 0.70 0.71 -0.01 0.34 0.35 0.00

Permanent 0.55 0.60 -0.05 0.63 0.40 0.23 0.42 0.10 0.32

Temporary 0.18 0.15 0.04 0.07 0.31 -0.24 -0.08 0.25 -0.33

90 - 95 Total 0.70 0.71 -0.01 0.74 0.74 0.00 0.35 0.36 -0.01

Permanent 0.57 0.63 -0.06 0.70 0.43 0.27 0.50 0.11 0.38

Temporary 0.14 0.09 0.05 0.04 0.31 -0.27 -0.15 0.24 -0.39

95 - 99 Total 0.75 0.75 -0.01 0.71 0.73 -0.02 0.36 0.36 -0.01

Permanent 0.73 0.70 0.02 0.72 0.48 0.25 0.57 0.13 0.45

Temporary 0.03 0.05 -0.03 -0.02 0.26 -0.27 -0.22 0.23 -0.45

> 99 Total 0.78 0.78 0.00 0.73 0.74 -0.01 0.39 0.39 -0.01

Permanent 0.88 0.74 0.14 0.96 0.55 0.40 0.68 0.20 0.48

Temporary -0.10 0.04 -0.14 -0.22 0.19 -0.41 -0.30 0.20 -0.49

Period 3
(Mar 2000 - Oct 2000) (Nov 2000 - Jul 2001) (Nov 2001 - Jun 2002)Trade Size 

(Percentile)
Price Impact

Period 1 Period 2
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Table 2.4 
Correlations between Stock Conditions and Permanent Price Impact 

 
This Table shows the correlation values between various types of individual stock returns and 
permanent price impact (of Buys, Sells, and Buys – Sells) of trades in 71 liquid stocks listed 
on the Stock Exchange of Thailand from March 2000 to June 2002. The sample is divided into 
three market-wide conditions. Permanent price impact of buys (sells) is defined as “the 
(negative) natural logarithm of the ratio of the midquote 60 minutes subsequent to the trade to 
the midquote at the time of trade, adjusted by market-wide returns.” Buys (sells) refer to the 
permanent price impact of buyer-initiated (seller-initiated) trades. Buys – Sells (e.g., buys 
minus sells) is the difference between the permanent price impact of buyer-initiated trade and 
the permanent price impact of seller-initiated trade. 
 

Buys Sells Buys - 
Sells

Buys Sells Buys - 
Sells

Buys Sells Buys - 
Sells

Previous day return -0.01 -0.05 0.03 -0.05 0.01 -0.04 -0.01 -0.02 0.00
  - Monday -0.07 0.00 -0.04 -0.10 0.06 -0.10 -0.03 0.01 -0.02
  - Tuesday -0.04 -0.03 -0.01 -0.01 -0.05 0.02 -0.03 0.00 -0.02
  - Wednesday 0.03 -0.05 0.05 -0.01 0.00 -0.01 0.07 -0.09 0.08
  - Thursday 0.05 -0.11 0.09 -0.10 0.06 -0.11 -0.03 0.00 -0.01
  - Friday -0.01 -0.08 0.04 -0.03 -0.01 -0.01 0.03 -0.06 0.05

Current day return 0.29 -0.32 0.35 0.32 -0.33 0.41 0.31 -0.51 0.40
  - Monday 0.21 -0.36 0.32 0.28 -0.26 0.35 0.18 -0.37 0.24
  - Tuesday 0.26 -0.22 0.27 0.35 -0.33 0.43 0.26 -0.43 0.34
  - Wednesday 0.28 -0.24 0.29 0.27 -0.26 0.34 0.53 -0.61 0.59
  - Thursday 0.41 -0.46 0.48 0.34 -0.40 0.47 0.57 -0.64 0.63
  - Friday 0.36 -0.40 0.45 0.38 -0.39 0.46 0.61 -0.63 0.65

Previous week return -0.13 0.00 -0.08 -0.07 0.00 -0.05 -0.04 0.05 -0.05

Current week return 0.30 -0.41 0.43 0.32 -0.36 0.47 0.48 -0.67 0.60

Previous month return -0.17 0.08 -0.18 -0.04 -0.03 -0.01 -0.03 0.00 -0.02

Current month return 0.20 -0.44 0.41 0.25 -0.29 0.48 0.55 -0.67 0.64

Return

Period 1 Period 2 Period 3
(Mar 2000 - Oct 2000) (Nov 2000 - Jul 2001) (Nov 2001 - Jun 2002)
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Table 2.5 
Regression Analysis of Permanent Price Impact 

This Table shows the coefficient estimates (multiplied by 100) of a regression analysis of the 
permanent price impact of trades in 71 liquid stocks listed on the Stock Exchange of Thailand 
from March 2000 to June 2002. The sample is divided into three market-wide conditions. The 
regression equation is as follows: 
 

εβββ
ββββ

βββββ
βββββββ

+++
++++

+++++
+++++++=

iii

iiii

iiiii

iiiiiii

dailyretcttradesizepcttradesizep
cttradesizepcttradesizepcttradesizepcttradesizep

cttradesizepvolatilitypriceinvfirmsizebuy
buybuybuybuybuybuyPPI

*99*95*
90*75*50*25*

0****99*
95*90*75*50*25*0*

181716

15141312

1110987

6543210

subject to   =   0 ∑ ++++++ 17161514131211 βββββββ

where Buy0i = Tradesizepct0i* Buyi, Buy25i = Tradesizepct25i* Buyi, Buy50i = Tradesizepct50i* Buyi, 
Buy75i = Tradesizepct75i* Buyi, Buy90i = Tradesizepct90i* Buyi, Buy95i = Tradesizepct95i* Buyi, Buy99i 
= Tradesizepct99i* Buyi.  
PPIi is the permanent price impact, defined as the natural logarithm of the ratio of the midquote 60 
minutes before the trade to the midquote at the time of trade, adjusted by market-wide movement. The 
trade size categories are created in the following way: For each firm, all trades are ordered by their share 
size. Each firm’s trades are then divided into seven percentile categories. Tradesizepct0i is the dummy 
variable equal to 1 if the size percentile of the trade is between 0 and 25. Tradesizepct25i is the dummy 
variable equal to 1 if the size percentile of the trade is between 25 and 50. Tradesizepct50i is the dummy 
variable equal to 1 if the size percentile of the trade is between 50 and 75. Tradesizepct75i is the dummy 
variable equal to 1 if the size percentile of the trade is between 75 and 90. Tradesizepct90i is the dummy 
variable equal to 1 if the size percentile of the trade is between 90 and 95. Tradesizepct95i is the dummy 
variable equal to 1 if the size percentile of the trade is between 95 and 99. Tradesizepct99i is the dummy 
variable equal to 1 if the size percentile of the trade is larger than 99. Buyi is the dummy variable equal 
to 1 if buyer-initiated trade. Firmsizei refers to the natural logarithm of market capitalization of the firm. 
Priceinvi represents the inverse of stock price at the time of trade. Volatilityi is the standard deviation of 
stock returns. Dailyreti is the contemporaneous daily return on the stock. Bold-faced type indicates 
significance at 5% level. 

All Buys Sells All Buys Sells All Buys Sells

intercept 0.65 -0.56 1.49 0.49 0.07 0.67 0.07 -0.74 0.90
buy0 -0.22 0.15 0.22
buy25 -0.06 0.18 0.27
buy50 -0.09 0.18 0.28
buy75 -0.05 0.23 0.33
buy90 -0.06 0.26 0.38
buy95 0.01 0.25 0.45
buy99 0.12 0.40 0.48
firmsize -0.02 0.03 -0.05 -0.02 0.01 -0.02 0.00 0.04 -0.02
priceinv 0.02 0.03 0.01 0.03 0.03 0.03 0.00 0.00 0.00
volatility 0.23 0.26 0.14 0.03 -0.07 0.17 -0.14 0.03 -0.30
tradesizepct0 -0.08 -0.11 -0.01 -0.11 -0.04 -0.09 -0.06 -0.03 -0.05
tradesizepct25 -0.09 0.01 -0.01 -0.05 0.03 -0.03 -0.06 0.02 -0.04
tradesizepct50 -0.05 -0.02 -0.01 -0.04 -0.01 -0.03 -0.03 0.01 -0.03
tradesizepct75 -0.02 -0.01 0.00 0.00 0.03 -0.01 0.00 0.02 -0.01
tradesizepct90 0.03 0.01 0.00 0.00 -0.02 -0.01 0.02 0.01 0.01
tradesizepct95 0.08 0.05 0.02 0.05 -0.03 0.05 0.03 0.01 0.03
tradesizepct99 0.13 0.06 0.01 0.14 0.04 0.11 0.10 -0.02 0.09
dailyreturn 9.46 -10.36 11.71 -12.73 13.35 -13.10

No. of obs 865,591 449,618 415,973 1,548,131 804,348 743,783 1,978,780 1,024,852 953,928
Adj R2 0.011 0.064 0.068 0.024 0.117 0.131 0.009 0.112 0.125

Independent 
Variables

Period 3
(Mar 2000 - Oct 2000) (Nov 2000 - Jul 2001) (Nov 2001 - Jun 2002)

Period 1 Period 2
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Figure 2.1 
Total, Permanent, and Temporary Price Impact of a Trade 

 
This Figure illustrates the three empirical measures of price effects of a trade. The security 
value immediately before the trades is P0 at time t0. A buyer-initiated trade is executed at price 
P1 at time t1, after which the price reverses to P2 at time t2. Therefore, permanent price change 
is the percentage price change from P0 to P2, while the temporary component of price change 
is the percentage price change from P1 to P2. Total price effect is the sum of these two 
components of price changes. The three measures of price impact are similarly interpreted for 
a seller-initiated trade. 
 

Buy

Sell

t=0, 
P=P0

t=t1, P=P1

t=t2,P=P2

t=t1,P=P1

t=t2,P=P2 TPI

TempPI

PPI

TPI

TempPI

PPI

Where,

P0 = mid-quote price prior to trade

P1 = executed price

P2 = mid60 = mid-quote price 60 
minutes after trade

TPI = Total Price Impact

PPI = Permanent Price Impact

TempPI = Temporary Price 
Impact 
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Figure 2.2(A) 
Permanent Price Impact Asymmetry and Market Conditions across Trade Sizes 

 
This Figure illustrates the arithmetic average permanent price impact asymmetry (i.e., defined 
by the difference between the permanent price impact of buys minus the permanent price 
impact of sells) for each market condition and trade size. 
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Figure 2.2(B) 
Temporary Price Impact Asymmetry and Market Conditions across Trade Sizes 
 
This Figure illustrates the arithmetic average temporary price impact asymmetry (i.e., defined 
by the difference between the temporary price impact of buys minus the temporary price 
impact of sells) for each market condition and trade size. 
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Figure 2.3 
Permanent Price Impact Asymmetry and the Number of Consecutive Days in 

Which the Stock Goes Up 
 
This Figure illustrates the empirical evidence (i.e., “Empirical”) and the theoretical prediction 
(i.e., “Prediction”) about the relationship between permanent price impact asymmetry (i.e., the 
difference between the permanent price impact of buys minus the permanent price impact of 
sells) and the number of consecutive days in which the stock goes up. 
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Figure 2.3(A) 
Permanent Price Impact Asymmetry and the Number of Consecutive Days in 

Which the Stock Goes Up during the Bear Market 
 
This Figure illustrates the empirical evidence (i.e., “Empirical”) and the theoretical prediction 
(i.e., “Prediction”) about the relationship between permanent price impact asymmetry (i.e., the 
difference between the permanent price impact of buys minus the permanent price impact of 
sells) and the number of consecutive days in which the stock goes up. The empirical evidence 
is for the bear market. 
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Figure 2.3(B) 
Permanent Price Impact Asymmetry and the Number of Consecutive Days in 

Which the Stock Goes Up during the Neutral Market 
 
This Figure illustrates the empirical evidence (i.e., “Empirical”) and the theoretical prediction 
(i.e., “Prediction”) about the relationship between permanent price impact asymmetry (i.e., the 
difference between the permanent price impact of buys minus the permanent price impact of 
sells) and the number of consecutive days in which the stock goes up. The empirical evidence 
is for the neutral market. 
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Figure 2.3(C) 
Permanent Price Impact Asymmetry and the Number of Consecutive Days in 

Which the Stock Goes Up during the Bull Market 
 
This Figure illustrates the empirical evidence (i.e., “Empirical”) and the theoretical prediction 
(i.e., “Prediction”) about the relationship between permanent price impact asymmetry (i.e., the 
difference between the permanent price impact of buys minus the permanent price impact of 
sells) and the number of consecutive days in which the stock goes up. The empirical evidence 
is for the bull market. 
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ESSAY 3 

  

WHICH TRADE SIZES MOVE STOCK PRICES ON THE 

STOCK EXCHANGE OF THAILAND? 
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3.1   Introduction 

Researchers (e.g., Kyle 1985) who examine informed trading suggest that 

profit-maximizing informed investors attempt to hide their trades by breaking up 

large trades into smaller trades and executing them over time in order to protect 

their valuable private information.59 Admati and Pfleiderer (1988) suggest that 

informed traders camouflage their information by trading during high volume 

periods. Barclay and Warner (1993) propose the stealth trading hypothesis and 

argue that informed traders who want to avoid detection will break up their trades 

into several medium-sized trades because small-sized trades increase the likelihood 

that their private information will be revealed too quickly, and large-sized trades 

may have an excessively large price impact. The empirical evidence from NYSE 

(Anand and Chakravarty 2006; Anand et al. 2005; Barclay and Warner 1993; 

Chakravarty 2001) supports the stealth trading hypothesis.  

However, studies on stealth trading focus totally on the U.S. markets (e.g., 

NYSE). No studies so far have been conducted on other markets (e.g., a pure limit 

order driven market). Studies on other markets are needed because several studies 

(e.g., Boehmer 2005; Garfinkel and Nimalendran 2002; Grammig et al 2001; 

Heidle and Huang 2002; Huang and Stoll 1996; Lee and Yi 2001) have shown that 

the presence of market makers has significant impact on the choice of trade sizes 

by informed traders. As a result, the applicability of stealth trading studies in the 

U.S. markets to other markets (e.g., a pure limit order market) is quite questionable. 

The present study is intended to fill such gap by examining informed traders’ trade 

size choices in a pure limit order market (i.e., a market without market 

                                                 
59Keim and Madhavan (1995) empirically examine U.S. institutional equity trades and find 
that larger orders are usually spread over a longer period and associated with longer 
trading durations. 
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intermediaries). Specifically, this study empirically reexamines the stealth trading 

hypothesis (Barclay and Warner 1993) in a pure limit order market. Our central 

hypothesis predicts that in a pure limit order market informed traders concentrate 

their trades in medium-to-large sizes because there are no market makers who are 

able to recognize informed traders. This hypothesis is based on research (e.g., 

Boehmer 2005; Huang and Stoll 1996; Lee and Yi 2001) conducted on the Chicago 

Board Options Exchange (CBOE), New York Stock Exchange, (NYSE), and 

National Association of Securities Dealers Automated Quotations (NASDAQ) that 

documents market makers’ ability to identify informed traders. These studies 

suggest that market structures influence how informed investors behave in order to 

hide their private information. Our empirical tests are based on 73 stocks listed on 

the Stock Exchange of Thailand (SET). There are no market makers operating on 

SET, and as a result, it provides a natural setting for examining how informed 

traders hide their trades in a pure limit order market and comparing this behavior to 

strategies used by informed traders on markets with market makers.  

The present study’s empirical results support our main hypothesis: That is, 

trades in the top quartile size (i.e., larger than percentile 75) collectively play a 

disproportionately large role in the cumulative price change and the cumulative 

quote change (i.e., they account for 168.4% [143.1%] of the cumulative stock price 

[quote] change compared to 28.3% of the total number of transactions and 80.8% 

of the total volume). Without market makers who are able to screen out informed 

trades, informed traders on SET use relatively large trades. This situation contrasts 

with the results of studies conducted on NYSE (e.g., Barclay and Warner 1993; 

Chakravarty 2001) that show informed traders use trades in percentile 40 to 

percentile 95 size group. 
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In addition, the present study examines informed traders’ order-breakup 

strategies under different market conditions. Trading volume and liquidity are 

different under different market conditions (i.e., rising or falling markets); 

therefore, informed traders may adopt different strategies (e.g., trade sizes) in order 

to hide their trades under different liquidity conditions (Campbell et al. 2004; Keim 

and Madhavan 1995). Specifically, this study hypothesizes that informed traders 

will use larger trades on rising markets (i.e., high liquidity markets) than on falling 

markets (i.e., low liquidity markets). Our empirical results support this hypothesis.  

The remainder of this article is arranged as follows: Section 3.2 presents the 

motivation and background of the present study and hypothesis development; 

section 3.3 contains details about the data, the sample selection used in this study, 

and the method; the empirical results are discussed in section 3.4; and section 3.5 

offers some conclusions.  

 

3.2   Motivation, Background, and Hypotheses  

Theoretical models about the behavior of informed traders suggest that they 

spread trades over time in order to maximize profits from their private information 

(Eom and Hahn 2005; Kyle 1985)60 or by trading when liquidity is high (i.e., 

during an opening period) (Admati and Pfleiderer 1988). However, these models 

do not explicitly address the choice of trade size used by an informed trader. For 

example, the models do not identify the optimal trade size used by these traders to 

hide trades in order to protect their information from being revealed too quickly. 

Despite a large number of studies that examine the role and behavior of profit-

                                                 
60Specifically, Eom and Hahn (2005) find that frequency of trades has a larger effect on 
future option price volatility than trade size, which supports the hypothesis that traders 
exercise their informational advantage by using a series of small-sized trades over time 
instead of using one large trade. 

 109

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



maximizing informed traders, the questions about exactly how informed traders 

trade and their choice of trade size remain largely unanswered.  

Barclay and Warner (1993) propose the stealth trading hypothesis to 

explain the behavior of informed traders. They suggest that informed traders use 

several medium-sized trades to avoid detection. The medium-sized trades should 

not be too small because a small-sized trade delays the acquisition of the desired 

(large) position, increases the likelihood that the private information will be 

revealed, and incurs a fixed cost per trade. On the other hand, if a large trade is not 

broken up, it can cause an unnecessarily large price impact61 because it will 

probably attract the attention of intermediaries or public investors. Using a sample 

of NYSE stocks from 1981 to 1984, Barclay and Warner find empirical evidence 

supporting their stealth trading hypothesis.62  

Anand et al. (2005) and Chakravarty (2001) examine stealth trading using a 

sample from the November 1990 to January 1991 NYSE TORQ dataset. Their 

results are consistent with Barclay and Warner’s (1993) stealth trading hypothesis 

and show that medium-sized trades are associated with a disproportionately large 

cumulative price change relative to their proportion of all trades and volume. More 

important, they find that institutions rather than individuals are the source for the 

disproportionately large cumulative price change of medium-sized trades, which 

implies institutional investors are indeed informed.  

Anand and Chakravarty (2006) examine stealth trading in options markets. 

They demonstrate that for the overall sample a significant amount of price 

                                                 
61See the theoretical model by Easley and O’Hara (1987), the empirical evidence about 
institutional equity trades by Chan and Lakonishok (1993, 1995) and Chiyachantana et al. 
(2004), and the empirical evidence on futures markets discovered by Berkman et al. (2005) 
and Frino and Oetomo (2005).  
62In fact, they test the stealth trading hypothesis against alternative two hypotheses: the 
public information hypothesis and the trading volume hypothesis. 
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discovery occurs through small (40%) and medium (41%) trades. In addition, they 

find that the strategic fragmentation of trades by informed traders depends on the 

liquidity of options contracts. Specifically, for liquid (illiquid) contracts, informed 

traders tend to use medium-sized (small-sized) trades.63  

Lee and Yi (2001) argue that different trading mechanisms can result in 

different trade size choices by informed traders. Specifically, they examine the 

relationship between trade size and the extent of informed trading on the options 

(i.e., Chicago Board Options Exchange) and stock markets (i.e., New York Stock 

Exchange).64 Using a sample of firms cross-listed on CBOE and NYSE from 

January 1989 to December 1990, Lee and Yi find that large trades are more 

informed than small trades on NYSE, while small trades are better informed than 

large trades on CBOE. They suggest that different trading mechanisms on the stock 

and options markets could explain these findings. In particular, as a result of the 

competitive market maker system on CBOE, large trades are not anonymous, and 

this feature enables option market makers to screen large informed investors more 

effectively. Therefore, large informed traders invest on a stock market, where their 

large trades are more anonymous.  

Boehmer’s (2005) study shows that execution costs on NASDAQ are 

higher (lower) than on NYSE for small (large) trades. This finding is attributed to 

                                                 
63Anand and Chakravarty (2006) use a different method to compute how much each trade 
size category contributes to the total price change from the method used by Barclay and 
Warner (1993) and Chakravarty (2001). Anand and Chakravarty employ the information 
share method developed by Hasbrouck (1995, 2003). 
64Lee and Yi (2001) report that for all trades (not classified by trade size) the adverse 
selection component of spread is marginally higher on CBOE (i.e., competing dealer 
market) than on NYSE. This is consistent with the finding by Heidle and Huang (2002) 
that the probability of informed trading is higher on NASDAQ (i.e., competing dealer 
market) than on NYSE (i.e., auction market with specialist).  
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differences in how informed traders submit orders65: That is, on NASDAQ, large 

informed orders can easily be detected by dealers66; therefore, large informed 

traders tend to split their orders and submit the split orders simultaneously to 

several dealers, which makes small NASDAQ orders informed and expensive to 

execute. In contrast, large informed orders on NYSE are usually not split because 

split orders are executed sequentially (i.e., causing large price impact costs and 

taking too much time to warrant their short-lived information); therefore, large 

informed traders on NYSE tend to submit larger orders directly to a specialist, who, 

in turn, executes these orders against standing public limit orders67 and will not get 

a price improvement. On the contrary, uninformed small orders are chosen to 

execute by specialists and therefore get a price improvement.  

Huang and Stoll (1996) report that the adverse selection component 

decreases with trade size on NASDAQ, and it increases with trade size on NYSE. 

They ascribe this result to two main factors: First, they suggest that NASDAQ 

dealers know their institutional customers well, and they know that many large 

(and also medium) trades are non-information driven, which supports Barclay et 

al.’s (2003) argument that NASDAQ dealers are well positioned to spot large 

informed trades; and second, the fact that the adverse selection component is 

significant on NYSE, especially for medium and large trades, could reflect the role 

of limit orders on NYSE (i.e., public investors who place limit orders lose to 

informed traders more than specialists and floor traders do).68 

                                                 
65The findings by Bessembinder (2003) also support Boehmer’s (2005) argument. 
Bessembinder analyzes a matched post-decimalization sample of NYSE and NASDAQ 
stocks and shows that the NASDAQ-NYSE price impact (i.e., the adverse selection 
component of effective spread) differential declines from $0.77 for executions inside the 
quote (i.e., small trades) to $-3.24 for executions outside the quote (i.e., large trades).  
66Barclay et al. (2003) and Huang and Stoll (1996) also support this argument.  
67See, for example, Huang and Stoll (1996) and Werner (2003). 
68Werner’s (2003) NYSE empirical evidence confirms this belief. 
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Several studies focus on dealers and specialists’ relative ability to identify 

informed traders and compare dealers on NASDAQ and specialists on NYSE. 

Garfinkel and Nimalendran (2003) compare the degree of anonymity (i.e., the 

extent to which a trader is recognized as informed) on NYSE and NASDAQ. They 

find a significant difference between the two markets’ average responses to insider 

trading: That is, the change in effective spreads as a result of insider trading is 

larger on NYSE than on NASDAQ. This supports the idea that there is less 

anonymity on NYSE than on NASDAQ. Heidle and Huang (2002) analyze firms 

that transfer to an alternative exchange structure and show that traders are more 

anonymous on a competing dealer market (i.e., NASDAQ) than on an auction 

market (i.e., NYSE). Their results indicate that competing dealers on an 

anonymous, electronic-screen-based market such as NASDAQ have more 

difficulty discerning informed traders from liquidity traders.69 In other words, 

NYSE, where the execution of the entire order flow goes through one specialist on 

the exchange floor, identifies informed traders and uninformed traders more easily. 

Using German stock market data, Grammig et al. (2001) empirically analyze 

whether the degree of trader anonymity is related to the degree of informed trading 

by comparing the probability of information-based trading on non-anonymous, 

traditional floor-based exchanges to an anonymous computerized trading system. 

Their results indicate that the probability of informed trading is significantly lower 

                                                 
69This finding by Garfinkel and Nimalendran (2003) and Heidle and Huang (2002) is 
inconsistent with the finding by Boehmer (2005), Huang and Stoll (1996), and Lee and Yi 
(2001) discussed earlier. There are two reasons for this discrepancy: First, the difference in 
relative ability between NASDAQ dealers and NYSE specialists discussed by Boehmer, 
Huang and Stoll, Lee and Yi is conditional on trade size, whereas the difference in relative 
ability between dealers and specialists identified by Garfinkel and Nimalendran and Heidle 
and Huang is for overall sample trades (i.e., unconditional on trade size); and second, the 
sample stocks covered by these studies are quite different (e.g., the sample stocks in the 
studies by Boehmer, Huang and Stoll, and Lee and Yi are broader than those used by 
Garfinkel and Nimalendran and Heidle and Huang.  
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on the floor of the Frankfurt Stock Exchange than on the anonymous computerized 

trading system, which supports the hypothesis that informed traders have a 

preference for anonymous markets.  

So far, studies that examine stealth trading focus entirely on NYSE, and no 

studies have been conducted on other markets (e.g., a pure limit order market). 

NYSE employs a hybrid trading system, including specialists and public limit 

orders; however, previous studies (e.g., Boehmer 2005; Garfinkel and Nimalendran 

2002; Grammig et al. 2001; Heidle and Huang 2002; Huang and Stoll 1996; Lee 

and Yi 2001) suggest that market structure could determine the choice of trade 

sizes by informed traders. The ability of market makers to detect informed trades 

plays an important role in determining the choice of trade sizes by informed 

traders. Different market architectures induce investors with private information to 

behave differently and adopt different trading strategies in order to hide their trades 

and maximize the value of their private information. Specifically, following 

previous studies on U.S. markets (e.g., Boehmer 2005; Garfinkel and Nimalendran 

2002; Grammig et al. 2001; Heidle and Huang 2002; Huang and Stoll 1996; Lee 

and Yi 2001), the present study argues that informed traders will be less likely to 

break up their trades in a pure limit order market because this market has no market 

intermediaries, and theoretically, it is fully anonymous. As a result, in a pure limit 

order market, medium-to-large sized trades tend to be better informed. These 

arguments lead to hypothesis 1:  

Hypothesis 1: In a pure limit order market, informed traders are concentrated in 
the medium-to-large-sized trade category.  

 
In the present study, data from the Stock Exchange of Thailand (SET), a 

purely limit order market, is used to test hypothesis 1. In order to test hypothesis 1, 
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this study examines the proportion of a stock’s cumulative price change that occurs 

in each trade size group and compares the proportion of the price change for each 

trade size group to its proportion of all trades and volume.70  

In addition, this study examines how stealth trading operates under different 

market conditions (i.e., bullish and bearish) in order to discover whether informed 

traders’ trade size choices are influenced by market conditions. There is no a priori 

theory that states clearly how market conditions influence the way informed traders 

hide their trades to protect the value of their private information; however, the 

present study proposes that there are several reasons that might encourage informed 

investors to use larger-sized trades on a bullish market than on a bearish market. 

First, the liquidity volume is generally higher on a bullish market than on a bearish 

market. Some studies (e.g., Grinblatt et al. 1995)71 suggest that momentum 

strategies are stronger on a bull market than on a bear market; therefore, on a 

bullish market, it is less necessary for informed traders to break up large trades 

because they can hide these large trades during high liquidity volume periods. 

Second, Campbell et al. (2004) argue that institutional traders employ different size 

trades according to volume and volatility. Specifically, they suggest that during 

highly volatile days (and, therefore, high volume days72) informed traders are 

particularly urgent about their trades and need to trade in large sizes. Third, as 

suggested by Keim and Madhavan (1995), the benefits of trading over a longer 

horizon are largest in thin markets, so trade duration should decrease with market 

liquidity after correcting for order size. Keim and Madhavan point out that during a 

                                                 
70See Barclay and Warner (1993) and Chakravarty (2001). 
71Grinblatt et al. (1995) find that institutional investors typically buy past winners, but 
most of them do not systematically sell past losers. 
72In general, a positive relationship exists between volume and volatility (Karpoff 1987). 
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down (up) market, when liquidity is low (high), an order break-up strategy is more 

(less) beneficial. These arguments lead to hypothesis 2: 

Hypothesis 2: Informed traders are more concentrated in larger-sized trades on a 
bullish market than on a bearish market.  

Hypothesis 2 is tested with a procedure similar to the one used to test 

hypothesis 1: That is, this study examines the proportion of a stock’s cumulative 

price change that occurs in each trade size group under the two market conditions, 

and then under each market condition, the proportion of the price change for each 

trade size group is compared to its proportion of all trades and volume. Again, data 

from SET, a purely limit order market, are used to test hypothesis 2. 

 

3.3   Data and Methodology 

3.3.1   Data 

We retrieve the transactions data for all securities traded on SET from 

January 2002 to October 2002. The data were captured on-line in real time from 

Reuters and contain a time sequence of quote and trade records. Each trade record 

contains security name, date, time, and traded price, while each quote record 

contains the prevailing best bid and ask. The sample data are divided into two 

distinct periods according to the market condition73. As shown in Table 3.1, the 

first period is from 24 January 2002 to 13 June 2002, when the SET index level 

increases from 327 to 426 (i.e., a market return of 30.3%), which signifies a bullish 

market. The second period is from 14 June 2002 to 14 October 2002, when the SET 
                                                 
73 The following criteria are used to select the bull and bear periods. Based on the data 
available to us, we select two periods with the one period where the market goes up, and 
the other where the market goes down. In addition, to mitigate any biases, the absolute 
price change of the Thai market index in such two periods is required to be as close as 
possible, and such two periods should have roughly the same length. As a robustness 
check, we also redo all of the analyses on other data periods. The results, not reported, are 
primarily similar to those on the original data periods. 
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index declines from 426 to 323 (i.e., a market return of -24.2%), which indicates a 

bearish market. There are 93 trading days in the first period and 82 days in the 

second period. 

There are some restrictions for stocks analyzed in the present study. An 

active trading day is defined as a day with a minimum of 20 trades, and to be 

included into the analyses, a stock must have at least 150 active trading days in 

each of the two subperiods. The first trade of the day is excluded from the analyses 

because it represents an overnight price change and occurs under batch-auction 

trading rather than under the continuous trading that occurs during normal trading 

hours.  

In order to maximize the chance of detecting any stealth trading, this study 

only examines stocks that experience significant price changes during our sample 

period (Barclay and Warner 1993; Chakravarty 2001). Specifically, the stocks that 

display at least a 5% increase in price over the first period and a 5% decrease in 

price over the second period are selected74. As a result, 73 liquid stocks, with 

approximately 2.5 million trades, are included in the sample. Table 3.1 presents the 

overall characteristics of our sample. The equally weighted returns of these 73 

stocks are higher than the corresponding market returns in both periods: 53.7% on 

the bull market, and -52.4% on the bear market. On the bull market, the minimum 

stock return is 10.2%, while the maximum stock return is 237.7%. On the bear 

market, the maximum stock return is -5.4%, and the minimum stock return is -

255.2%. These large price changes make it likely that any stealth trading by 

informed traders will be detected. Both average market capitalization and volume-

                                                 
74 The analyses on the stocks with price change smaller than 5% are also performed. 
Basically, the results (not reported here) for those stocks are qualitatively similar to the 
reported results (for stocks with price change greater than 5%). 
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weighted traded price are higher in Period 2 than in Period 1. This could be, in part, 

because market capitalization is measured at the beginning of each period. 

 

3.3.2   Methodology 

3.3.2.1  Trade Size Classifications 

The first trade for morning and afternoon sessions and the last trade of the 

day are identified and excluded from the analyses because these trades occur under 

batch auction trading. The remaining trades occur during continuous trading during 

normal trading hours (i.e., 10.00 AM to 12.30 PM and 14.30 PM to 16.30 PM) and 

are classified according to their sizes. Previous studies base trade size categories on 

the absolute number of shares traded. For example, Anand et al. (2005), Barclay 

and Warner (1993), and Chakravarty (2001) classify the trade sizes of 100 to 499 

shares as small, 500 to 9,999 shares as medium, and more than 10,000 shares as 

large.75 However, the present study does not follow this trade size classification 

procedure because our preliminary analysis of trade sizes on SET suggests that 

trade sizes on SET are significantly different from trade sizes on U.S. markets. The 

mean trade size of our sample stocks is 23,920 shares, while the mean trade size for 

NYSE stocks is approximately 2,500 shares.76 In order to deal with the difference 

in trade sizes and make the results from our study comparable to existing studies, 

                                                 
75In fact, Barclay and Warner (1993) divide the small size category into four subcategories 
(i.e., 100, 200, 300, 400 shares) and the medium category into five subcategories (i.e., 500 
shares, 600–900 shares, 1,000–1,900 shares, 2,000–4,900 shares, and 5,000–9,900 shares). 
Chakravarty (2001) divides the medium trade size category into four subcategories (i.e., 
500–999 shares, 1,000–2,999 shares, 3,000–5,999 shares, and 6,000–9,999 shares.  
76Lin, Sanger, and Booth (1995) report that the average trade size for their 150 NYSE 
common stocks during 1988 is 2,034, and the average trade size for all firms on NYSE in 
1988 is 2,303. Chakravarty (2001) reports that the average trade size for 97 NYSE firms in 
the TORQ database from November 1990 to January 1991 is 2,535. Werner (2003) reports 
that the average trade size for 101 NYSE stocks from July 1997 to October 1997 is 1,926. 
In Barclay and Warner’s (1993) study, the average trade size for 108 NYSE tender offer 
target firms from 1981 to 1984 is approximately 1,300 shares. 
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trade sizes are divided into percentile categories. As in the Chan and Lakonishok 

(1993, 1995) and Lin, Sanger, and Booth (1995) studies, the present study uses 

seven trade size categories. For each period and each firm, all trades are ordered by 

their size in shares. For each period, each firm’s trades are divided into the 

following seven percentile categories: less than p25, p25 to p50, p50 to p75, p75 to 

p90, p90 to p95, p95 to p99, and larger than p99. The share size cutoffs 

corresponding to each percentile are based on each firm’s trade size distribution in 

each period; therefore, the cutoffs vary in absolute share size across firms and 

periods. This trade size classification is used to define trade sizes for each firm 

relative to the order flow experience for the firm over each of the two periods.77 

 

3.3.2.2  Percentage Cumulative Price Change by Trade Size Categories 

As in the Barclay and Warner (1993) and Chakravarty (2001) studies, the 

present study defines the price change of each trade as the difference between the 

price of the current trade and the price of the previous trade (i.e., Price Change), 

and the change in price from the first to last trade during each sample period for 

                                                 
77 A comparison of trade sizes based on number of shares is inappropriate because of the 
differences in prices between stocks themselves and between Thai stocks and U.S. stocks. 
For example, a 10,000-share trade may be a small-sized trade for some stocks (e.g., small-
cap, low-priced stocks), but it could be a large-sized trade for certain stocks (e.g., large-
cap, high-priced stocks). A 9,300-share trade is a median-sized trade for our sample stocks 
in Period 1; however, it is a large trade on the U.S. markets (i.e., it is larger than 90% in 
Barclay and Warner [1993] and Chakravarty [2001]). In addition, when the size of a trade 
is considered in terms of dollar absolute value, although the median or mean trade sizes in 
shares of Thai stocks are much larger than those of U.S. stocks, average trade size in dollar 
value of Thai stocks is much smaller than the average trade size in dollar value of U.S. 
stocks. The mean trade size of our sample stocks is 23,920 shares, and the volume-
weighted average trade price for that period is around 10.33 baht. Therefore, the mean 
trade size in dollar value will be 

40
33.10920,23 × (where approximately 40 baht is equal to 

1 U.S. dollar), which is nearly US$6,200, while the corresponding number for U.S. stocks 
is roughly US$57,820 (see Chakravarty 2001; Lee and Radhakrishna 2000). Therefore, in 
order to make a comparison of trade sizes across two markets and across stocks with 
different price levels meaningful, the classification of trade sizes based on percentile 
ranking is adopted in our study. 
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each firm (i.e., Total Price Change) is computed. Then, for each firm, the trade-by-

trade price changes for each trade size category are summed and divided by Total 

Price Change to obtain a percentage cumulative price change. Finally, the 

cumulative price change for each trade size is the weighted average of the 

cumulative price changes of that size category across 73 individual stocks, where 

the weight of each stock is its Total Price Change.  

 

3.3.2.3  Percentage Cumulative Quote Revision by Trade Size Categories 

The present study uses Cooney and Sias’ (2004) procedure and computes 

quote change in addition to price change. Price changes caused by a trade are 

sometimes influenced a trader’s impatience and not by an information advantage, 

which results in bid-ask bounce; therefore, the present study proposes that a better 

measure for the information content of a trade is the market’s respond to each 

trade. As a result, the quote revision impact (i.e., Quote Change) is computed as the 

quote midpoint prevailing at the time of the subsequent trade less the quote 

midpoint in effect at the time of the current trade. The cumulative quote revision 

(i.e., Total Quote Change) is the sum of the quote revision impact associated with 

each trade from the first to last trade in each of the sample periods. For each firm, 

the trade-by-trade quote changes for each trade size category are summed and 

divided by Total Quote Change to obtain a percentage cumulative quote revision 

for each trade size category. Finally, the cumulative quote revision for each trade 

size is the weighted average of the cumulative quote revisions of that trade size 

category across 73 individual stocks, where the weight of each stock is its Total 

Quote Change. 
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3.3.2.4  Percentage of Trades and Percentage of Volume of Trades 

As in the Barclay and Warner (1993), and Chakravarty (2001) studies, the 

percentage of trades for all sample stocks during each sample period is computed 

as the sum of all trades in each category divided by the sum of all trades in all 

categories. In addition, the percentage of volume of trades for all sample stocks 

during each sample period is computed as the sum of all volume of trades in each 

category divided by the sum of all volume of trades in all categories. The 

percentage of trades and percentage of volume of trades are used to test the stealth 

trading hypothesis against the public information hypothesis and the trading 

volume hypothesis,78 respectively. 

 

3.4   Empirical Results 

3.4.1   Descriptive Statistics of Trade Sizes  

Table 3.2 presents the characteristics of trades for the 73 stocks divided by 

trade size. For each period, trades are classified by seven trade size categories. As 

expected, for both periods, trade size as measured by average and median number 

of shares per trade and baht volume per trade increases with the trade size 

percentile. For example, in Period 1, the average number of shares per trade (baht 

volume per trade) is 1,578 shares (15,448 baht) for the less than p25 category and 

increases to 34,424 shares (356,796 baht) for the p75 to p90 category and 425,307 

                                                 
78The public information hypothesis and the trading volume hypothesis are two alternative 
hypotheses to the stealth trading hypothesis. The public information hypothesis predicts 
that the percentage cumulative stock price change occurring in a given trade size category 
is directly proportional to the percentage of transactions in that trade size category. The 
trading volume hypothesis predicts that the percentage cumulative stock price change in a 
given trade size category is proportional to the percentage of the total trading volume in 
that category. Of course, the trading volume hypothesis assumes that an additional 10,000-
share purchase would have the same cumulative impact on the stock price regardless of 
whether the purchase is transacted in, for example, two 5,000-share trades or in five 2,000-
share trades. 
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shares (4,382,062 baht) for the largest size category. The figures are similar for 

Period 2.  

The trading activity is much livelier on the bull market than on the bear 

market, as shown by the larger daily number of trades, larger daily baht volume of 

trades, and larger daily number of shares traded on the bull market. Specifically, it 

appears that trading activity in Period 1 is approximately two times as dynamic as 

the trading activity in Period 2. In addition, for any trade size category, trade size in 

shares (as measured by average number of shares per trade or median number of 

shares per trade) increases as the market condition becomes more bullish. Table 3.2 

shows that trade sizes are larger on the bullish market than on the bearish market, 

which suggests that informed traders prefer larger-sized trades in a high volume 

period because it is easier to camouflage their trades among a large number of 

liquidity traders. 

 

3.4.2   Choice of Trade Sizes by Informed Traders Under a Pure Order-driven 

Market 

In order to determine informed traders’ trade size choices, the present study 

examines how much a stock’s cumulative price/quote change over the sample 

periods is attributable to trades in each of the seven trade size categories. Table 3.3 

presents descriptive data about the average percentage cumulative stock price 

change, the average percentage cumulative stock quote change in each of the seven 

trade size categories, the corresponding percentage of trades, and the corresponding 

volume percentages. The results presented in Table 3.3 indicate that small trades 
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(i.e., trades below the median trade size) account for an estimated -82.3%79 (-

45.1%) of the cumulative price (quote) change and comprise 43.8% of the 

transactions and 5.4% of the volume. The trades in the p50 to p75 category produce 

13.9% (1.8%) of the cumulative price (quote) change and account for 27.9% of the 

transactions and 13.9% of the volume. On the other hand, the four top trade size 

categories (i.e., p75–p90, p90–p95, p95–p99, and larger than p99) account for 

168.4% (143.1%) of the cumulative stock price (quote) change and comprise 

28.3% of the transactions and 80.8% of the volume. As a result, the four top trade 

size categories, both as a group and as individuals, appear to play a 

disproportionately large role in the cumulative price change and quote change 

relative to their proportion of trades and volume in the sample.  

There appears to be no support for the public information hypothesis. 

Trades in the less than p25 category and p25 to p50 category produce 

approximately -49.7% and -32.6% of the cumulative stock price change, 

respectively, but they account for 19.7% and 24.1% of all trades. Trades in the p50 

to p75 category produce approximately 13.9% of the cumulative stock price 

change, but they account for 27.9% of all transactions. Trades in the four top 

categories produce 168.4% of the cumulative price change, while they account for 

only 28.3% of all trades.  

In addition, there appears to be limited support for the trading volume 

hypothesis because the percentage cumulative price change for any trade size 

category is more or less proportional to the fraction of the total trading volume in 

that category. Despite the limited support for the trading volume hypothesis, the 

                                                 
79The negative price change suggests that small-trade investors, on average, are picked off 
because they trade in the opposite direction to the market movement (i.e., sell in rising 
markets and/or buy in falling markets). 
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percentage cumulative price change for each of the four top size categories is still 

much higher than its fraction of the total trading volume. This supports the 

hypothesis that the four top trade size categories are predominantly used by 

informed traders. The regression analyses in the next section formally tests the 

stealth trading hypothesis against the two alternative hypotheses (i.e., the public 

information hypothesis and the trading volume hypothesis). 

The results in Table 3.3 support hypothesis 1 and suggest that on SET (i.e., 

a pure limit order market) informed traders hide trades by using larger-sized trades 

more often than informed traders on U.S. market with market makers who are able 

to screen out informed trades. The results from the present study are compared to 

the U.S. market using the percentage cumulative price change, the percentage of 

trades, and the percentage of trading volume for each trade size category reported 

by Barclay and Warner (1993) and Chakravarty (2001) (see Table 3.4). Panel A 

and panel B, Table 3.4 show that informed traders prefer medium-sized trades: 

That is, the percentage cumulative price change for a medium-sized trade reported 

by Barclay and Warner (Chakravarty) are 92.8% (77.2%), while this category 

represents only 45.7% (53.8%) of the total transactions and only 63.5% (45.5%) of 

the total trading volume. In addition, only the first three medium-size trade 

subcategories are used by informed traders to hide their trades.  

As shown in panel A, trades in the 5,000 to 9,900 shares category produce 

only 7.4% of the cumulative price change, but they account for 13.5% of all trading 

volume; therefore, the percentage (i.e., 7.4%) of the price change is smaller than 

predicted by the trading volume hypothesis. Similarly, in panel B, trades in the 

6,000 to 9,999 shares category produce 6.2% of the cumulative price change and 

account for 7.7% of all trading volume. Again, the percentage (6.2%) of the price 
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change is smaller than predicted by the trading volume hypothesis. Panel A (B) 

indicates informed traders use trades with sizes between p50 and p95 (p40 to 

p90).80 This finding highlights the importance of hypothesis 1, which predicts that 

informed traders in a pure limit order market concentrate in the medium-to-large 

size trade category.  

Table 3.3 shows that trades in the p75 and above categories produce larger 

cumulative price changes than predicted by their fractions of the total number of 

trades and the total trading volume in their corresponding category. In the p75 and 

above categories (i.e., p75–p90, p90–p95, p95–p99, and larger than p99), the 

percentage of the stock price change is approximately 168.4%, which is much 

larger than the corresponding fraction of the total number of trades (i.e., 28.3%) 

and the corresponding percentage of the total trading volume (80.8%).  

For small trades, the percentage cumulative price changes are negative in 

both Thai market (i.e., less than p25 and p25-p50 in Table 3.3) and the U.S. 

markets (i.e., 100-499 shares in Table 3.4). However, the negative percentage 

cumulative price changes for the small trades on Thai markets are much greater in 

magnitude than those on the U.S. markets. There are two possible (not mutually 

exclusive) explanations for the observation. First, the negative (positive) values of 

price or quote changes for a particular trade size category suggest that investors 

using such trade size category are net exploited (informed). Therefore, the much 

larger negative price and quote changes associated with small trades on the Stock 

Exchange of Thailand (SET) simply imply that they are more often picked off by 

                                                 
80Trades between 50% and 95% (see panel A) refer to a combination of the following three 
trade size subcategories: 500 to 900 shares, 1,000 to 1,900 shares, and 2,000 to 4,900 
shares. Trades between 40% and 90% (see panel B) refer to a combination of the following 
three trade size subcategories: 500 to 999 shares, 1,000 to 2,999 shares, and 3,000 to 5,999 
shares.  
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large trades than are small trades on the U.S. markets. In other words, the extent to 

which small trades are relatively less informed or more liquidity-driven or 

exploited than large trades is larger in SET than in the U.S. markets. Second, the 

small trades (i.e., less than p50) on the U.S. markets are usually transacted within 

the existing quoted spread. By contrast, small trades on SET are always transacted 

at the quoted bid (for sell trades) or quoted ask price (for buy trades). This 

(partially) explains why small trades on SET are associated with large negative 

price changes, as compared with small trades on the U.S. markets.  

The results of the present study empirically support hypothesis 1. This 

study, therefore, contributes to the existing literature by showing the effect of 

trading structures (pure limit order market or fully anonymous market structure 

versus markets with intermediaries) on informed traders’ trade size choices. 

 

3.4.3   Informed Traders’ Trade Size Choices Under Different Market 

Conditions  

Table 3.5 shows the percentage cumulative price change, percentage 

cumulative quote change, percent of transactions, and percent of trading volume for 

each of the seven trade size categories, classified by market conditions (i.e., rising 

market in panel A and falling market in panel B). Markets conditions do not appear 

to have a clear impact on informed traders’ trade size choices. Panel A, Table 3.5 

shows that the smallest trades (i.e., the less than p25 category) account for an 

estimated 34.6% (17.2%) of the cumulative price (quote) change and comprise 

19.5% of the transactions and 1.2% of the volume. The trades in the p25 to p50 and 

p50 to p75 categories produce a negative percentage cumulative price change. On 

the other hand, the four top trade size categories (i.e., p75–p90, p90–p95, p95–p99, 
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and larger than p99) account for 127.9% (134.2%) of the cumulative stock price 

(quote) change and comprise 28.6% of the transactions and 81.2% of the volume. 

Therefore, on the rising market, the four top trade size categories appear to play a 

disproportionately large role in the cumulative price change and quote change 

relative to their proportion of trades and volume in the sample. Similarly, the 

results shown in panel B are consistent with the results shown in panel A. On the 

falling market, the four top size categories account for 194.6% (148.3%) of the 

cumulative stock price (quote) change and consist of 27.7% of the trades and 

79.7% of the trading volume and have a disproportionately larger proportion of the 

overall price (quote) change relative to their proportion of transactions or trading 

volume in the falling period.  

The average trade sizes of the four top categories on the rising market are 

much larger than average trade sizes on the falling period. Rising (falling) markets 

are generally associated with high (low) volume periods, and order break-up 

strategies under bullish (bearish) market conditions become less (more) beneficial, 

which leads informed traders to use larger sized trades on bull markets than on bear 

markets. Although it appears that informed traders always prefer large size trades 

(i.e., p75 and larger) on bull and bear markets, on the bull market, the average trade 

sizes for the four top categories are 34,424 shares, 70,383 shares, 144,245 shares, 

and 425,307 shares, respectively, whereas on the bear market, the corresponding 

average trade sizes are 26,356 shares, 53,219 shares, 109,686 shares, and 335,329 

shares, respectively. These findings are consistent with hypothesis 2 (i.e., informed 

traders are more concentrated in larger-sized trades on a bullish market than on a 

bearish market). 
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3.4.4   Choice of Trade Sizes by Informed Traders: Multivariate Analysis 

A formal multivariate test is conducted to separate stealth trading from 

public information and trading volume, supplementing the univariate results shown 

in Table 3.3 and 3.5. Table 3.6 shows the coefficients and adjusted R-square of the 

regression81 of the percentage cumulative price change (panel A) and the 

percentage of cumulative quote change (panel B) on dummy variables for each of 

the seven trade size categories and the percentage of transactions (regression [1]) 

and percentage of volume (regression [2]). The regression is pooled across all 73 

sample stocks. The regressions in each panel are run for the combined sample 

periods and separately for each of the two sample periods. The results of the 

equality tests of trade size dummy variables are also reported.  

According to the public information hypothesis, the coefficient on each 

trade size dummy variable should be 0, and the coefficient on the percentage of 

trades should be 1. The results of regression (1) (see panel A, Table 3.6) are not 

consistent with the public information hypothesis in all periods. The results 

demonstrate that the percentage price changes are smaller than predicted by the 

public information hypothesis for less-than-median-sized trades (i.e., the first two 

smallest categories) and larger than predicted in the larger-than-median-sized 

trades (i.e., the last five categories). In particular, for the top four categories, the 

percentage price changes are much larger than the percentage of transactions: That 

is, the coefficients of the top four categories are larger than 1, while the coefficient 

of the P50-P75 dummy variable is 0.511. In addition, the results from the equality 

                                                 
81As in Barclay and Warner’s (1993) study, in order to reduce heteroskedasticity in the 
dependent variables (i.e., the percentage cumulative price change and the percentage 
cumulative quote change), the regression in the present study is weighted least square, 
where weight is the absolute cumulative price (or quote) change for that stock over the 
sample period.  
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tests of trade size dummy variables show that the hypothesis that predicts the 

coefficient in the P50-P75 category is equal to the coefficient in the P75-P90 

category can be rejected at the 0.054 level of significance; however, the hypotheses 

that predict the coefficients of the last four category dummies (i.e., P75-P90, P90-

P95, P95-P99, and larger than P99) are equal cannot be rejected at any 

conventional level of significance. These results imply that the last four groups are 

the trade sizes most preferred by informed traders, which is consistent with the 

univariate results in Table 3.3 and confirms our hypothesis. 

In Table 3.6, the results in regression (2) for the trading volume hypothesis 

also echo the results in regression (1) for the public information hypothesis. The 

results for regression (2) (see panel A, Table 3.6) are not consistent with the trading 

volume hypothesis in all periods. The results demonstrate that the percentage price 

changes are smaller than predicted by the trading volume hypothesis for the P0-P25 

category, as represented by the statistically significant coefficient of -0.504, and 

larger than predicted in the last four categories, as shown by the statistically 

significant coefficient of 0.854, 0.805, 0.912, and 0.710, respectively. Generally, 

these results indicate that informed traders are concentrated in the top quartile trade 

size (P75 and larger), which is consistent with the univariate results in Table 3.3 

and confirm our hypothesis. 

Hypothesis 1 is supported more in the down period than in the up period. 

The results for the down period resemble the results in all periods in terms of 

magnitude and significance of the dummy variable coefficients (see panel A, Table 

3.6). The coefficients for the up period, however, are nearly all statistically 

insignificant. 
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The results shown in panel B are based on the percentage cumulative quote 

change as the regression dependent variable, and they are qualitatively similar to 

those shown in panel A, where the percentage cumulative price change is the 

regression dependent variable. The results in panel B agree with the univariate 

results shown in Table 3.3, and they also confirm the robustness of using different 

measures of the impacts of trades on stock prices and quotes. 

 

3.5   Conclusion 

This study examines stealth trading for 73 liquid stocks listed on SET, a 

pure limit order market. As a result of market makers’ ability to detect informed 

trades, it is difficult to apply the result of studies that examine stealth trading on 

U.S. markets, which have market makers, to a pure limit order market such as SET, 

which has no market makers. The present study hypothesizes that unlike stealth 

trading on specialist (e.g., NYSE) or dealer (e.g., NASDAQ) markets, where 

medium-sized trades are most informed, in a pure limit order market, where there 

are no market makers who can screen out informed trades, informed trades tend to 

use relatively larger-sized trades. Using intraday trade and quote data for the 73 

most-liquid stocks over two periods with different market conditions, the present 

study finds that the medium-to-large size trade groups (i.e., percentile75–

percentile90, percentile90–percentile95, percentile95–percentile99, and larger than 

percentile99) account for 168.4% (143.1%) of the cumulative stock price (quote) 

change and comprise 28.3% of the transactions and 80.8% of the volume. This 

finding indicates that these trade groups play a disproportionately large role in the 

cumulative price change and quote change relative to their proportion of trades and 

volume in the sample. The existing results for U.S. markets show that informed 
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traders employ trade sizes that are between percentile 50 and percentile 95 (Barclay 

and Warner 1993) and percentile 40 and percentile 90 (Chakravarty 2001); 

therefore, these results support our hypothesis that on SET (i.e., a pure limit order 

market) informed traders are able to trades by using larger-sized trades than the 

trades used by informed traders on U.S. market (i.e., markets with market makers 

who are able to screen out informed trades).  

The present study also analyzes trading for 73 liquid stocks to discover 

whether informed traders’ trade size choices vary with market conditions. The 

results indicate that on rising and falling markets the four top trade size categories 

(i.e., percentile 75 and larger) play a disproportionately large role in the cumulative 

price change and quote change relative to their proportion of trades and volume in 

the sample. However, the average trade sizes for these four top categories on the 

rising market are much larger than the average trade sizes on the falling market. 

Therefore, the results show that informed traders use large-sized trades more 

frequently on a bullish market than on a bearish market, and they support the 

hypothesis that high trading volume on the bullish market helps informed traders 

camouflage their trades.  
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Period 1 Period 2

(Jan 24, 2002 - Jun 13, 2002) (Jun 14, 2002 - Oct 14, 2002)

Number of stocks 73 73
Number of trading days (days) 93 82
Average market cap (million baht) 12,901 13,024
Volume-weighted trade price (baht) 10.33 11.75

Market return 30.3% -24.2%
Equally-weighte -52.4%
Minimum st -255.2%
Maximum stock return -5.4%

Table 3.1 
Overall Sample Characteristics 

 
This Table contains the trading characteristics for 73 liquid stocks listed on SET from January 
2002 to October 2002. The sample period is divided into two subperiods: a bull market and a 
bear market. The first period (i.e., January 2002 to June 2002) is a bull market, while the 
second period (i.e., June 2002 to October 2002) is a bear market. 
 

d 73-stock return 53.7%
ock return 10.2%

237.7%
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Table 3.2 
Summary of Trading Characteristics by Trade Size 

 
This Table contains the trading characteristics for 73 liquid stocks listed on SET from January 2002 to October 2002. The sample period is 
divided into two subperiods: a bull market and a bear market. The first period (i.e., January 2002 to June 2002) is a bull market, while the 
second period (i.e., June 2002 to October 2002) is a bear market. The sample characteristics are divided based on trade size. The trade size 
categories are constructed in the following way: For each period and each firm, all trades are ordered by their size in shares. For each period, 
each firm’s trades are divided into the following seven percentile categories: less than p25, p25 to p50, p50 to p75, p75 to p90, p90 to p95, p95 
to p99, and larger than p99. 
 

<25 25-50 50-75 75-90 90-95 95-99 >99 <25 25-50 50-75 75-90 90-95 95-99 >99

Average number of shares per trade 1,578 4,522 12,816 34,424 70,383 144,245 425,307 1,251 3,461 10,379 26,356 53,219 109,686 335,329

Median number of shares per trade 1,000 4,000 10,000 27,500 50,000 100,000 300,000 1,000 3,000 10,000 20,000 50,000 100,000 268,500
Median trade size corresponding to the 
percentile cutoffs <2,000 2,000-

9,300
9,300-
20,000

20,000-
50,000

50,000-
100,000

100,000-
300,000 >300,000 <2,000 2,000-

5,000
5,000-
19,100

19,100-
50,000

50,000-
88,700

88,700-
202,500 >202,500

Baht volume per trade (baht) 15,448 51,857 124,778 356,796 755,922 1,477,807 4,382,062 13,374 44,991 112,159 315,230 659,472 1,292,331 3,853,029

Number of trades 313,961 394,366 440,383 276,866 88,867 76,506 17,556 188,096 220,321 270,349 153,587 52,522 42,951 9,957

Daily number of trades 3,376 4,240 4,735 2,977 956 823 189 2,294 2,687 3,297 1,873 641 524 121

Baht volume of trades (million baht) 4,850 20,451 54,950 98,785 67,177 113,061 76,931 2,516 9,912 30,322 48,415 34,637 55,507 38,365

Daily baht volume of trades (million baht) 52 220 591 1,062 722 1,216 827 31 121 370 590 422 677 468

Number of shares traded (million shares) 496 1,783 5,644 9,531 6,255 11,036 7,467 235 763 2,806 4,048 2,795 4,711 3,339

Daily number of shares traded (million share 5 19 61 102 67 119 80 3 9 34 49 34 57 41

Period 1 Period 2
(Jan 24, 2002 - Jun 13, 2002) (Jun 14, 2002 - Oct 14, 2002)
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Table 3.3 
Percentage Cumulative Price Change, Percentage Cumulative Quote 

Change, Trades, and Volume by Trade Sizes 
 
This Table contains the mean percentage of the cumulative stock price change and the 
cumulative stock quote change, percentage of trades, and percentage of share volume by trade 
sizes. The sample consists of 73 liquid Thai stocks with at least a 5% price change from 
January 2002 to October 2002. Trade sizes are divided into seven categories in the following 
way: For each firm, all trades are ordered by their size in shares, and each firm’s trades are 
divided into seven percentile categories (i.e., less than p25, p25–p50, p50–p75, p75–p90, p90–
p95, p95–p99, and larger than p99).  
 
The stock price change for a given trade is defined as the difference between that trade’s price 
and the previous trade’s price. The stock quote change for a current trade is defined as the 
quote midpoint prevailing at the time of the subsequent trade less the quote midpoint in effect 
at the time of the current trade. For each stock, the percentage of cumulative price (quote) 
change for a trade of a given trade size is the sum of all stock price (quote) changes occurring 
in that trade size category divided by the total cumulative price (quote) change of that stock 
over the sample period. The weighted cross-sectional mean of the cumulative price (quote) 
change is computed and reported below, where the weights are the absolute value of the 
cumulative price (quote) change of each stock in the sample. The proportion of trade (volume) 
is the sum of all trades (volume) in a given trade size category divided by the total number of 
trades (volume) during the sample period. 
 

Trade Size Category 
(Percentile)

Percentage 
cumulative 

price change

Percentage 
cumulative 

quote revision

Number of 
Trades

% of 
Trades Volume % of 

Volume

 < 25 -49.7% -0.2% 502,057 19.7% 730,805,800 1.2%
25 - 50 -32.6% -44.9% 614,687 24.1% 2,545,949,100 4.2%
50 - 75 13.9% 1.8% 710,732 27.9% 8,450,148,100 13.9%
75 - 90 48.1% 34.0% 430,453 16.9% 13,578,852,200 22.3%
90 - 95 38.6% 40.0% 141,389 5.6% 9,049,873,800 14.9%
95 - 99 53.2% 48.5% 119,457 4.7% 15,746,757,600 25.9%
 > 99 28.5% 20.6% 27,513 1.1% 10,805,562,300 17.7%
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Table 3.4 
Percentage Cumulative Price Change, Trades, and Volume by Trade Sizes 

from the U.S. Market 
 
This Table contains the mean percentage of the cumulative stock price change, the percentage 
of trades, and percentage of share volume by trade sizes for the U.S. stock sample from 
Barclay and Warner (1993) (panel A) and Chakravarty (2001) (panel B). 
 
Panel A: Barclay and Warner (1993)

Percentage 
cumulative 

price change

% of 
Trades

% of 
Volume

Small 100-499 shares -2.3% 52.6% 12.1%

500-900 shares 24.1% 19.6% 12.9%
1,000-1,900 shares 38.3% 15.2% 17.9%
2,000-4,900 shares 23.1% 8.1% 19.2%
5,000-9,900. shares 7.4% 2.9% 13.5%

Large 10,000 shares up 9.5% 1.7% 24.4%

Trade Size Category

Medium

 
 
Panel B: Chakravarty (2001)

Percentage 
cumulative 

price change

% of 
Trades

% of 
Volume

Small 100-499 shares -1.2% 39.8% 3.0%

500-999 shares 30.9% 25.3% 7.6%
1,000-2,999 shares 16.4% 16.6% 13.3%

3,000-5,999 shares 23.6% 9.3% 17.0%

6,000-9,999 shares 6.2% 2.5% 7.7%

Large 10,000 shares up 24.0% 6.4% 51.4%

Medium

Trade Size Category
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Table 3.5 
Percentage Cumulative Price Change, Percentage Cumulative Quote 
Change, Trades, and Volume by Trade Sizes and Market Conditions 

 
This Table contains the mean percentage of the cumulative stock price change and the 
cumulative stock quote change, percentage of trades, and percentage of share volume by trade 
sizes and market conditions. The sample consists of 73 liquid Thai stocks with at least a 5% 
price change from January 2002 to October 2002. The sample period is divided into two 
subperiods; a bull market and a bear market. The first period (i.e., January 2002 to June 2002) 
is a bull market and is shown in panel A, while the second period (i.e., June 2002 to October 
2002) is a bear market and is shown in panel B. Trade sizes are classified into seven categories 
in the following way: For each firm, all trades are ordered by their size in shares, and each 
firm’s trades are divided into seven percentile categories (i.e., less than p25, p25–p50, p50–
p75, p75–p90, p90–p95, p95–p99, and larger than p99).  
 
The stock price change for a given trade is defined as the difference between that trade’s price and 
the previous trade’s price. The stock quote change for a current trade is defined as the quote 
midpoint prevailing at the time of the subsequent trade less the quote midpoint in effect at the time 
of the current trade. For each stock, the percentage of cumulative price (quote) change for a trade 
of a given trade size is the sum of all stock price (quote) changes occurring in that trade size 
category divided by the total cumulative price (quote) change of that stock over the sample period. 
The weighted cross-sectional mean of the cumulative price (quote) change is computed and 
reported below, where the weights are the absolute value of the cumulative price (quote) change of 
each stock in the sample. The proportion of trade (volume) is the sum of all trades (volume) in a 
given trade size category, divided by the total number of trades (volume) during the sample period. 
 
Panel A: Up Market

Trade Size Category 
(Percentile)

Percentage 
cumulative 
price change

Percentage 
cumulative 

quote revision

Number of 
Trades

% of 
Trades

Volume % of 
Volume

Average 
Trade Size 

(shares)

 < 25 34.6% 17.2% 313,961 19.5% 495,568,700 1.2% 1,578        

25 - 50 -55.7% -63.6% 394,366 24.5% 1,783,376,900 4.2% 4,522        
50 - 75 -6.9% 12.3% 440,383 27.4% 5,644,088,300 13.4% 12,816      

75 - 90 22.2% 35.5% 276,866 17.2% 9,530,865,700 22.6% 34,424      

90 - 95 26.1% 37.5% 88,867 5.5% 6,254,684,600 14.8% 70,383      

95 - 99 51.3% 35.7% 76,506 4.8% 11,035,641,100 26.1% 144,245    

 > 99 28.3% 25.5% 17,556 1.1% 7,466,694,700 17.7% 425,307     
 
Panel B: Down Market

Trade Size Category 
(Percentile)

Percentage 
cumulative 
price change

Percentage 
cumulative 

quote revision

Number of 
Trades

% of 
Trades Volume

% of 
Volume

Average 
Trade Size 

(shares)
 < 25 -104.4% -10.0% 188,096 20.1% 235,237,100 1.3% 1,251        

25 - 50 -17.6% -34.2% 220,321 23.5% 762,572,200 4.1% 3,461        

50 - 75 27.4% -4.1% 270,349 28.8% 2,806,059,800 15.0% 10,379      

75 - 90 64.8% 33.2% 153,587 16.4% 4,047,986,500 21.7% 26,356      

90 - 95 46.8% 41.5% 52,522 5.6% 2,795,189,200 14.9% 53,219      

95 - 99 54.4% 55.8% 42,951 4.6% 4,711,116,500 25.2% 109,686    

 > 99 28.6% 17.8% 9,957 1.1% 3,338,867,600 17.9% 335,329    
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Table 3.6 

Regression Analysis of the Percentage Cumulative Price Change, 
Percentage Cumulative Quote Change, Percentage of Trades, and 

Percentage of Volume by Trade Sizes and Market Conditions 
 
This Table presents the coefficients and adjusted R-square values of the weighted least square 
regressions, with the dependent variable as the percentage of cumulative stock price change 
(panel A) and the percentage of cumulative stock quote change (panel B). The independent 
variables include seven dummy variables that correspond to seven trade size categories and 
either percentage of transactions (i.e., Ptrades) in (1) or percentage of trading volume (i.e., 
Pvolume) in (2). The weights are the absolute percentage cumulative price/quote changes over 
the corresponding sample periods. *, **, and *** denote the significance levels of 10%, 5%, 
and 1%, respectively. This Table also shows the results of the equality test of the seven trade 
size dummy variables. The figures in the equality test table represent the p-values of the 
equality tests. The regression equations are as follows; 
 

εββ
ββββββ

++>+

−+−+−+−+−+−=

si

si

PtradesP
PPPPPPPPPPPPY

,76

543210,

*)99(
)9995()9590()9075()7550()5025()250(

     (1) 
 

εββ
ββββββ

++>+

−+−+−+−+−+−=

si

si

PvolumeP
PPPPPPPPPPPPY

,76

543210,

*)99(
)9995()9590()9075()7550()5025()250(

     (2) 
 
where Yi,s is the cumulative price (quote) change of the trade size category i (P0–P25, P25–
P50, P50–P75, P75–P90, P90–P95, P95–P99, or >P99) for stock s in panel A (B). P0–P25, 
P25–P50, P50–P75, P75–P90, P90–P95, P95–P99, or >P99 are dummy variables for the P0–
P25, P25–P50, P50–P75, P75–P90, P90–P95, P95–P99, or >P99 trade size categories, 
respectively. In equation (1), Ptradesi,s is the percentage of transactions associated with trade 
size category i in stock s. In equation (2), Pvolumei,s is the percentage of trading volume 
associated with trade size category i in stock s. 
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Panel A: Percentage Cumulative Price Change

(1) (2) (1) (2) (1) (2)
P0 - P25 -0.931*** -0.504*** -0.917 0.331 -0.927*** -1.049***
P25 - P50 -0.001  0.146 -1.283** -0.943* 0.922*** 0.849***
P50 - P75  0.511**  0.564 -0.625 -0.521 1.360*** 1.262***
P75 - P90  1.014***  0.854* -0.059 -0.334 1.679*** 1.605***
P90 - P95  1.186***  0.805** 0.834 -0.198 1.432*** 1.450***
P95 - P99  1.362***  0.912* 1.137 -0.018 1.497*** 1.501***
>P99  1.191***  0.710** 1.132 -0.172 1.220*** 1.275***
Percent of trades  2.252 6.285* -0.620
Percent of volume  0.540 0.865 0.400

Adj R2 0.03 0.03 0.00 0.00 0.39 0.39

(1) (2) (1) (2) (1) (2)

P0-P25  =  P25-P50 0.025 0.084 0.702 0.117 0.000 0.000
P25-P50  =  P50-P75 0.031 0.144 0.204 0.472 0.000 0.004
P50-P75  =  P75-P90 0.054 0.330 0.288 0.784 0.014 0.012
P75-P90  =  P90-P95 0.569 0.861 0.209 0.838 0.070 0.226
P90-P95  =  P95-P99 0.455 0.693 0.552 0.764 0.563 0.690
P95-P99  =  >P99 0.478 0.478 0.994 0.801 0.015 0.101

Equality tests of trade size dummy variables

Tests
All periods Up period Down period

All periods Up period Down period
Independent Variables

 
 
Panel B: Percentage Cumulative Quote Change

(1) (2) (1) (2) (1) (2)
P0 - P25 -0.000 0.001 -0.285 0.167 0.158* -0.094*
P25 - P50 -0.446** -0.439*** -0.936** -0.818** -0.104 -0.221***
P50 - P75  0.020 0.040 -0.135 -0.076 0.165** 0.117
P75 - P90  0.341** 0.376 0.195 0.127 0.406*** 0.521***
P90 - P95  0.400* 0.423* 0.537 0.174 0.340*** 0.577***
P95 - P99  0.485** 0.517* 0.537 0.138 0.458*** 0.744***
>P99  0.206 0.226 0.516 0.056 0.034 0.332***
Percent of trades -0.007 2.284 -1.414***
Percent of volume -0.149 0.222 -0.411

Adj R2 0.04 0.04 0.01 0.01 0.35 0.34

(1) (2) (1) (2) (1) (2)

P0-P25  =  P25-P50 0.099 0.077 0.333 0.081 0.020 0.244
P25-P50  =  P50-P75 0.003 0.013 0.025 0.076 0.000 0.000
P50-P75  =  P75-P90 0.066 0.088 0.373 0.678 0.003 0.000
P75-P90  =  P90-P95 0.766 0.804 0.500 0.922 0.428 0.479
P90-P95  =  P95-P99 0.589 0.594 1.000 0.931 0.082 0.030
P95-P99  =  >P99 0.080 0.122 0.954 0.850 0.000 0.000

Equality tests of trade size dummy variables

Tests
All periods Up period Down period

Independent Variables
All periods Up period Down period
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