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ABSTRACT 

In analyses of the reJ.ationship between information and 

price-volume reactions, the role of investor expectations is often 

considered implicitly. Not allowing investors to either disagree 

among each other or remain uninformed is a consequence of the 

assumption of a free and perfect information flow. A more flexible 

definition of information allows the observation that trading volume 

is an accurate reflector of investor expectations and contains 

valuable information about price movements. Trading volume is also 

us~d to empirically show the effects of imperfect information and the 

inappropriateness of the event study method. 
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INTRODUCTION 

CHA!'TER 1 

INTRODUCTION AND REVIEW 

Many interesting financial theories have arisen from the concepts of 

efficient securities markets and free and perfect information flows. 

Unfortunately, these theories have also somewhat shut the doors on 

some very rewarding avenues of research. The close relationship 

between trading volume and investor expectations is one such casualty. 

In analyses of the relationship between information arrival and stock 

price-volume reactions, the role of investor expectations is often 

implicit. Not allowing investors either to disagr'ee among each other 

or to remain uninformed is a consequence of the assumption of a free 

and perfect information flow. A more flexible definition of 

information allows the observation that trading volume is not only an 

accurate reflector of investor expectations but also that volume 

contains valuable information about price movements. Trading volume 

can also be used to show the effects of imperfect information and the 

inappropriateness of the methodology of event studies . 

News releases are s&id to contain information only if they motivate 

investors to desire portfolio revisions. Investors respond to 
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information by expecting changes in a security's price which 

expectations then motivate trading desires. One of the main arguments 

in this paper is that investors are not constrained to respond to 

information by always expecting identical price changes. Given 

idiosyncratic differences among investors as well as possible 

imperfections in information, the above argument seems Justified. The 

reward for admitting such complications is that explanations for the 

array of price-volume reactions to the arrival of information can be 

derived. 

The trading volume model developed in this dissertation attempts to 

describe changes in prices and volume following the arrival of 

security-specific information in financial markets. The model 

generates three important predictions. The first prediction is 

concerned with the changes in investor price expectations and the 

effect of such changes on security prices and trading volume. It is 

predicted that the actions of investors who expect instantaneous price 

changes affect first the volume of trading and then the security 

price. Moreover. the volume that precedes the price change also 

contains information about the magnitude of that price change. Thus. 

the information contained in volume may be of considerable value. 

The second prediction concerns the nature of the effects of imperfect 

information. The model suggests that the traditional 
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demand-supply-single point representation of a security's equilibrium 

price is the result of assuming perfect information. With information 

imperfections the equilibrium price of a security is still at t.he 

point where the aggregate investor demand function intersects the 

aggregate aggregate supply function but this intersection can occur 

over a range of aggregate demand and supply values. The model 

predicts that this effect of imperfect information should be 

empirically observable. 

The final prediction of the model concerns the inappropriateness of 

the methodology of event studies. Event studies attempt to measure 

the informativeness of news announcements from price reactions. The 

arguments in the model's development indicate the possibility that a 

price reaction test is misspec1fied. The specification problem is 

also seen as the result of assuming information to be perfect. The 

model predicts that the existence of this problem can be shown 

empirically. 

Empirical tests of the predictions are conducted. A transaction time 

data base ( the 155M tapes ) tape is merged with an information data 

base (the BroadTape ) tape and reactions of price and volume to 

information are observed. Results from the tests show that the 

predictions described above are fairly accurate, which in turn implies 

that the trading volume model developed in this dissertation is a fair 
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representation of the relationship between information and 

price-volume reactions. Some anomalous results are also observed. 

The rest of this dissertation is arranged in the following manner. 

In this chapter (Chapter 1), I review some of the existing literature 

that is closely connected to my research. In chapter 2, I discuss 

some of the assumptions made and the condi tlons necessary in the 

development of the model. An existing analytical model is also 

reviewed. Chapter 3 contains both the descriptive and the 

mathematical development of my model. In Chapter 4, I discuss some of 

the issues concerning price-volume reactions within a dynamic setting 

and discuss their empirical implications. In Chapter 5, I layout the 

testable hypotheses, describe the data and testing methods used and 

analyse the results of the empirical analyses In Chapter 6, I 

examine the issues involved with the methodology of event studies as 

they relate to trading volume. This chapter is followed by tables and 

charts containing the results. 
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REVIEW 

The earliest documentation of an information-price-volume relationship 

can be traced to Osborne (1959). Osborne develops a diffusion model 

to explain the relationship between information arrival and 

price-volume reactions. Since then. much effort has been expended to 

understand the phenomenon. and as a result there exists a literature. 

rich both in content and varietyl 

Few general results emerge from the stUdies. First. there are those 

works where models are developed to explain an observed positive 

correlation between the volume of trade and the absolute value of 

price changes. The stUdies include Ying (1966). Epps and Epps (1976). 

Cornell (1981). Harris (1983). Tauchen and Pitts (1983). Wood. McInish 

and Ord (1985) and Richardson. Sefcik and Thompson (1987). to name a 

few. There exists another set of stUdies which focus principally on 

the observed positive correlation between volume and price changes. or 

price changes per se. These include Ying (1966), Epps (1977). 

Rogalski (1978), Smlrlock and Starks (1985) and others support this 

view. 

Another group of researchers has theorized that a proper understanding 

of the effects of information lies not primarily in the study of 

1 For a fairly complete survey of the literature. see Karpoff [1987]. 
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price-volume relations but in an understanding of how information 

arrives in the security markets. Most studies assume that information 

arrives to all investors simultaneously. Copeland (1976) and later 

Jennings , Starks and Fellingham (1981) develop models that explain 

price-volume reactions within a structure where information is 

received by investors in a sequential manner. 

Another area of ~esearch focus has been the relationship between 

volume and the variance of price changes. Morgan (1976), Westerfield 

(1977) and Tauchen and Pitts (1983) find empirical support for a 

positive relation between the two variables. Then there are those 

[Clark (1973), Harris (1984), etc.] who attempt to expand our 

understanding of the price-volume relation by using transaction-time 

data. Carpenter and Upton (1981) note the use of volume as a proxy 

for risk adjustment. All these researchers (especially Epps and Epps 

(1976) and excepting Carpenter and Upton ) have considered the 

price-volume relation important in the determination of whether the 

distribution of security returns is stable Paretian or a mixture of 

distributions. Finally there is a group of researchers [e.g., 

Mlller(1977) , Epps(1977)) who do consider explicitly the role of 

expectations in a price-volume framework. 

Among the various hypotheses there are some that deserve a closer 

look. In the previous review section I discussed the existing work 
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along a few broad lines. In the following section, I look in greater 

detail at some of the work I consider as being relevant to my 

analysis. Beaver (1968) was perhaps the first to observe that the 

information content of a news announcement should be Judged not only 

by price reactions but also by volume reactions. He describes 

information as that which changes the expectations of investors by an 

amount sufficient for them to seek changes in their holdings of 

securities in those firms. Beaver argues that when investors agree on 

the implications of some information , security prices change but 

trading and hence trading volume is absent. When investors disagree 

about the implications of some information then trading occurs but 

prices do not change. If neither price nor volume changes following 

some news release, then that release must not contain information 

since the absence of a price or volume reaction implies an absence of 

change in investor expectations. 

At the time of his study, it was commonly acknowledged that earnings 

announcements of firms contained no information since price reactions 

were not observed around announcement· days. Beaver argued that the 

lack of a price reaction around such announcement days may be due to 

disagreement among investors. Thus, if earnings announcements did 

contain information, a volume reaction should be observable . A lack 

of such a reaction would then truly imply earnings announcements to be 

void of information content. In a landmark empirical study, Beaver 
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finds a significant increase in volume around earnings announcement 

days. He concludes that this increased volume arising out of 

heightened trading must signify that earnings announcements do contain 

information. 

Verrecchia (1981), in an expansion of Beaver's [3] work, establishes 

in a rigorous manner Beaver's contention that a consensus among 

investors about the implications of .information must lead to an 

absence of trading. He also shows in his analysis that the degree of 

volume reaction to new information cannot be used unambiguously to 

infer the extent of agreement among investors about the way the 

information should be interpreted. He contends that investor 

expectations are not the only determinant of trading volume but that 

volume also depends to an extent on the risk tolerances ( which is the 

inverse of investor risk aversion of investors. He shows that even 

if investors disagree about the implications of some information, 

their risk tolerances may change in a way that leads to an absence of 

trading. Verrecchia concludes that the volume of trade then may not 

contain any useful information. 

Karpoff (1986) develops a theory of trading volume explaining some 

characteristics of security markets as well as the empirically 

observed relation between absolute (or relative) value of price 

changes and trading volume. Based on somewhat restrictive assumptions 
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about trading conditions and the behavior of investors, Karpoff builds 

a model of trading that he uses to derive a measure for the expected 

volume of trade. The model predicts that volume Is positively related 

to the number of traders, negatively related to transaction costs and 

that volume Is positive even when no new publicly available 

information Is present. ThIs last prediction Is based on the 

assumption that in times when no new information is present, investors 

Idiosyncratically revise theIr price expectations. The chances of 

investor disagreement about a security's future price increase due to 

the subjectIve nature of investor expectations. DIsagreement leads to 

tradIng among investors. All these predictions are consistent with 

empirIcally observed results. Further, Karpoff also uses hIs model to 

show that if the expectations of investors are diverse prIor to a news 

release, then even If the news is Interpreted identically by all 

Investors, the posterIor beliefs will still be diverse and trading 

wlll result. ThIs impUes that trading need not cease if a news 

release leads to a consensus in expectatIons among Investors. 

In his model, Karpoff characterIzes· investors in the market for a 

single security as beIng eIther owners or non-owners of the securIty. 

The various states of agreement (or dIsagreement) about expected 

prices within and between these two groups of investors determines a 

wIde range of values for tradIng volume. The model predicts a 

positive relationship between volume and the absolute value of price 
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change, a prediction that is consistent with the results of many 

empirical studies (e.g., Ying (1966), Epps and Epps (1976), Tauchen 

and Pitts (1983)). Karpoff also points out some problems that arise 

in empirical tests of the relationship between investor agreement and 

volume. 

There are two interesting features of Karpoff's model . One of the 

contentions of efficient market hypotheses Is that prices change 

instantly to reflect any new release of information. In Karpoff's 

model, information dissemination is a non-instantaneous process and 

price changes to specific information are lagged over time. Second, 

the model can be used to analyze price-volume reactions either when 

some publicly available information arrives or when there are no such 

arrivals. This last feature is innovative. 

Latham (1986) discusses the concept of market efficiency in the 

finance literature. This concept was developed to describe and 

explain some observed statistical properties of capital-asset prices. 

Market efficiency implies that revealing an information set to all 

investors ( while they keep the information they already have ) does 

not change equilibrium prices. Latham contends that this deflnftion 

of market efficiency is not complete. Using a theoretical framework, 

he shows that the definition of market efficiency would be complete if 

it included the concept of investor portfolio adjustments. That is, 
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markets may be considered efficient when " revealing an information 

set ...... did not change either equilibrium prices or portfolios ". 

Latham concludes that a proper understanding of the concept of market 

efficiency will come from studying not Just the properties of capital 

asset price changes but also the trading volume that accompanies such 

price changes. While discussing market efficiency, he also questions 

the lack of concern for volume reflected in studies of investor 

expectations. He feels that both trading volume and the extent of 

investor agreement hold the key in the 

efficiency. 

understanding of market 

Tauchen and Pitts (1985) study the relationship between price 

variability and volume. 

Epps and Epps [7], et. 

Previous empirical studies by Clarke [3], 

ai., had shown this relationship to be 

positive. An empirical study of the T-bill futures market by Tauchen 

and Pitts did not show the same positive relationship. Using the 

assumption of a Joint distribution of price variability and volume, 

the authors develop a model in which an increase in the number of 

traders reduces price variability and increases volume. This result 

occurs because investors diverge in their expectations regarding the 

expected change in prices. Further, this divergence in expectations 

is in part an effect of the idiosyncrasies of the individual investors 

and hence an increase in the number of investors also leads to an 

increase in the probability that investors disagree. The model is 
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also used to show that any information which leads to a consensus in 

expectations among investors results in large price changes and small 

volumes of trade. 

Pincus (1983) studies how information affects investors when they 

estimate the future prices of securities. He contends that the effect 

of information may be such that the same information may have 

different effects on price estimates at different times. For example, 

some information may increase the precision of investors in estimating 

expected returns, while the same information, in other circumstances, 

may actually decrease precision. Hence, grouping information by type 

of event may lead to confounding results. The author finds some 

empirical support for his contention. 

Admati and Pfleiderer (1988) observe empirically that both trading 

volume and price variability are higher during the opening and closing 

hours of a trading day and lower during the mid-afternoon hours. To 

explain these phenomena, they derive a model in which investors are 

classified as being either privately informed investors, discretionary 

liquidity traders, or non-discretionary liquidity traders. These 

investors are endowed with certain behavioral characteristics. For 

instance, privately informed traders lead the trading since it is 

assumed that they have first access to new information. The trading 

by this group of investors itself constitutes information to the 
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others who then use that information in their trades, The model shows 

that the trading by investors with such behavioral characteristics 

increases price variability and volume during the two extreme hours of 

a trading day. 

Neal (1985) attempts to explain the intraday pattern of price and 

volume changes in a manner similar to Admati and Pfleiderer but 

distinguishes investors as belonging to one of two distinct groups : 

member firms and the general public. A model very similar to the 

Admati and Pfleiderer model is used. In this model, member firm 

investors are assumed to have first access to information. These 

investors are also assumed to be endowed with superior trading skills. 

The trading by such investors provide additional information to 

investors belonging to the general public, who therefore knowingly lag 

in their trading. The trading behavior of these two groups then lead 

to intradally price-volume patterns identical to those observed in 

empirical analysis . 

Copeland (1976) posits a theory of price change and volume based on a 

process of sequential arrival of information. The investor who 

receives the information first, trades first. Individual trades by 

investors continue as each investor receives the information in 

sequence. When the Last investor who receives the information trades, 

then the effect of the information is complete. A summation of all 
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the individual trades in terms of price changes and volume is then 

considered equal to the total effect of that information. This 

framework is then used to analyze the effect of information on prices 

and volume under three different conditions. Under the first 

condition, all investors react optimistically to the information, in 

another they are all pessimists and finally, they are either of the 

two resulting in some mixture of optimists and pessimists in the 

aggregate. Attention is paid to the presence or absence of short 

sales in each of the above ~onditions . 

Using this framework Copeland arrives at the following results : 1) 

the greater the consensus of traders' expectations, the greater the 

changes in price and volume, and price and volume are positively 

related ; 2) trading volume is a logarithmically increasing function 

of the number of traders, N, and the clarity of new information,o ; 3) 

the existence of a constraint on short sales results in volume being 

greater for price increases than decreases and the volume distribution 

is hence positively skewed. This skewness in volume increases as 0 

increases or as investors tend to become all optimists or pessimists 

and 4) trading volume is identical when investors are either all 

optimists or pessimists. 

Jennings, Starks and Fellingham (1981) extend Copeland's study using 

a utility maximizing framework and imposIng margin constraints on 

22 



short sales. As in Copeland, investors receive and trade one at a 

time. The security's price is assumed to be an equilibrium price 

before and after each trade, though the equilibrium is considered to 

be temporary till the last investor trades. After the last trade, 

final equilibrium is achieved. The aggregation of the changes in price 

and volume en route to the final equilibrium provide for observations 

on the relationship between price and volume. Again the analysis 

utilizes a structure where the information leads to investors being 

optimists, pessimists or a mixture of the two. 

Smirlock and starks (1988) conduct an empirical study to determine the 

exact process by which information arrives. It is assumed that 

information may arrive either simultaneously to all investors or 

sequentially where investors receive the information one at a time. 

They hypothesize that if information arrives by the former method, 

then the trading that ensues must lead to fairly quick price-volume 

reactions. If information arrives sequentially, then price-volume 

reactions will be drawn out over a longer time period. Smirlock and 

Starks test this hypothesis empirically and find that the results do 

not clearly support either arrival process. They also note that the 

chances are somewhat higher that the arrival process is a sequential 

one. 
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Morse (1980) investigates the volume effects that arise from trading 

on private information. He hypothesizes that investors who receive 

inside information trade similarly. That is, all such traders will 

only buy or only sell. Price changes from such trading must then be 

unidirectional. Further, such unidirectional price changes must also 

be accompanied by increased trading. In the empirical analysis, Morse 

finds a positive autocorrelation in price changes on days when volume 

is high. This supports his hypothesis that increased volumes may be 

associated with insider trading, which trading also leads to 

unidirectional price movements. He also hypothesizes that price jumps 

imply significant events and with information asymmetry, insiders must 

then trade before price Jumps. Thus large volumes should be 

noticeable before large price changes. He finds significant 

differences following, preceding and on days when price changes are 

large, observations which further support his hypotheses. 

Miller (1977) approaches his research on the basis of two contentions: 

1) a restriction on short sales is a restriction on investors loIho want 

to borrow a security based on their expectation that the price of a 

security will decrease. When investors expect an increase in the 

price of a security, they demand that security. This increase in 

demand increases prices. Hence, a restriction on short sales implies 

a restriction on negative demand and this restriction increases both 

the demand and the pr~ce of a risky asset ; and 2) an increase in the 
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di vergence of opinion among investors as to the value of an asset 

increases the asset's value since it increases demand by restricting 

negative demand. Based on these two contentions , Miller develops a 

model of asset pricing in which there exists a posi tlve relation 

between the risk and the expected return of a security. The 

theoretical model he develops is not robust inasmuch as the arguments 

he employs are based on somewhat weak assumptions. One such 

assumption is the number of shares a new firm issues. He shows 

graphically that if a new firm issues N number of shares, then the 

relation between risk and return holds. In the same graph it can be 

seen very clearly that if I increase the magnitude of the number N, 

then I can also imply a negative relationship between risk and 

expected return. 

Jarrow (1980), in disagreement with Mlller (1977), shows that asset 

prices will rise only if all investors agree about the expected 

variance of the price change of a security. He also contends that 

expectations of large price increases should be followed by decreases 

in the variance. This decrease then must lead to greater demands and 

higher prices. If investors disagree about the variance, prices may 

rise, fall or not change at all. The short sales restriction is 

therefore not critical, as in Miller. Whether investors expect 

similar or dissimilar changes In varIance is what determines changes 

in demand and prices and not a short sale constraint . 
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Comiskey, WalkHng and Weeks (1987) empirically test the relation 

between divergence of expectation and trading volume. 

find that there exist strong positive relations between 

The authors 

1) the volume 

of trade in a securi ty and the extent of agreement among investors 

about the expected returns from a security, 2) volume and percentage 

price changes of a security, and 3) trading volume for a security and 

the trading volume in the industry to which the firm belonged. The 

authors also find a negative relation between trading volume and costs 

of transacting in a security. 

Epps (1977) develops a theoretical model that predicts the behavior of 

bond price changes and transaction volumes. In this model, 

transactions occur between investors who are classified as either 

"bulls" or "bears". The model predicts that the outcome of 

transactions between these two groups must resul t in volume being 

greater on upticks than dcwnticks. This prediction is also found to 

be valid empirically . 

In his model, Epps assumes that subjective probable outcomes of 

end-of-period security value have constant coefficient of variation . 

Epps also assumes that unless information is extremely good or bad, 

its interpretation typically reinforces eXisting opinions. The first 

assumption suggests that some information may cause investors to 

revise their expectations about the end-of-period security value. If 



this revision occurs then the standard deviation of the expected value 

must change in such a way that the ratio of the standard deviation to 

expected value will remain unchanged from what it was before the 

information arrived. This assumption implies that bulls consider 

assets to be riskier than bears and this leads to the bulls' demand 

functions being steeper than bears. This difference in demand 

functions then leads to higher transactions on upticks. 

The second assumption implies that bulls only consider good news and 

disregard bad' news. Bears consider the opposite. Both the above 

assumptions are fairly weak. Even though the model's prediction about 

differences in transaction volumes between upticks and downticks is 

consistent with empirical findings, the somewhat weak assumptions make 

the model questionable 

Finally and recently, Karpoff (987) postUlates that most of the 

contending hypotheses relating price and volume may be mutually 

consistent and that there may exist a theory to unify them. Karpoff 

also describes the numerous benefits in understanding markets, 

institutions, event studies, futures, etc. that will be possible 

from such a theory. The development that follows in this proposal is a 

model that may fulfill Karpoff's premise. 
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CHAPTER 2 

INVESTOR CHARACTERISTICS 

ASSUMPTIONS 

The model developed to express the relationship between information 

and price-volume reactions contains implicit assumptions about 

security markets and investor characteristics. In this chapter. these 

assumptions are elaborated. I review an existing analytical model 

(Figlewski. 1982). and describe its adaptation in my model. Some of 

the issues concerning the demands. supplies and price expectations of 

investors. both individually and in the aggregate. are also examined. 

This dissertation contains an analysis of the price-volume reactions 

that occur following the arrival of information in the market for any 

single equity security. In this market, assume that: 

1. Short sales and transactions costs 2 are absent . Though the 

assumption is fairly common in the finance llterature, some 

elaboration on the short sales constraint is necessary. The theory I 

2 If short sales were allowed. it would be difficult to distinguish 

analytically between owners and non-owners. In a later section on the 

subject, I will show that this restriction is not literally necessary 

for my theory to hold, so long as the costs of short sales along with 

certain information peculiarities are present. 



develop hinges on the premise that I can make a distinction between 

owners and non-owners of a security. Owners supply shares when they 

expect price declines and demand shares when expecting increases. 

Non-owners demand shares when they expect price increases; they do 

nothing (do not short sell) when they expect declines in price. 
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2. For each security and in each instant in time, all the investors in 

the economy may be classified as belonging to one of three distinctly 

different groups. Since this dissertation examines the trading 

behavior of investors following the arrival of information in a 

security's market, the grouping of investors is of relevance only when 

some security-specific information is present. Of the three groups 

the largest one consists of those investors who are rarely interested 

in trading in the security. The rare occasions when these investors 

become interested in the security are usually connected with the 

arrival of information of an extreme nature. Such information types 

will be discussed later. Therefore, this group of investors can be 

thought as not being in the security's market. The investors in the 

remaining two groups can be thought as being in the security's market. 

Investors in one of the two groups trade in this security to satisfy 

consumption needs, tax requirements, portfolio risk balancing, etc. 

These investors can be termed as liquidity traders. Investors in the 

other group are considered to be speculators. These investors expect 

to benefit from instantaneous wealth changes through transactions in 



this security. I focus this study on the trading by such speculative 

investors. It is important to note that the above classification is 

defined only for instants in time when some security-s~cific 

information is present. At other instants in time and/or in the 

presence of certain security-specific information types, investors may 

change their group membership. 

Speculative investors in the market for a security can be further 

disaggregated. First, these investors are either owners or non-owners 

of the security. Second, these investors on the basis of information 

just received expect the security's present price to change 

instantaneously. Owners who expect price decreases are suppliers of 

the securi ty. Owners and non-owners expecting price increases are 

demanders of the security. Given the restriction on short sales, 

non-owners expecting price decreases are not in the security's market. 

THE FIGLEWSKI MODEL 

My analysis at this point utilizes the initial part of a research 

study conducted by Flglewski (1982). 'His study uses the setting of a 

futures market, but the framework is general enough so that I am able 

to adapt it to a spot market for a firm's equities. The Figlewski 

model, with minor adaptations to an equity market, is as follows : 
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At the beginning of each period investors receive information about 

• what the end of period true spot price P for an equity security will 

be. The information set for each investor i, {~i}' is produced by a 

stochastic information-generating process. This process contains a 

certain deterministic or regularity feature. For one example, a 

trader may regularly receive more accurate information than another; 

for another, two traders may get very similar information. 

Investor i's information ~i reveals to him the true end of period 

• price up to a random error. His forecast of P given his information, 

is Pi' which can be written 

• P = P 
i 

(1) 

The forecast error, E: i , is assumed to have a mean of zero ( rational 

expectations for all i) and be normally distributed. The variance of 

E:i is a natural measure of how good trader l's informati~n is. Define 

Vi
2 to be trader i's estimate of his error variance, leaving open the 

possibility that his estimate may not be equ~l to the true variance. 

For all investors in the market, I can denote Equation (1) as 

• E - P e = E: E: N(Q, 0) (2 ) 

where E is a vector of the expectations of all investors in the market 

for the security, e is a unit vector and 0 is the covariance matrix. 

It is assumed that 0 has full rank which implies that no investor's 

forecast can be expressed conSistently as a linear combination of the 

others. 
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After the release of some information, the market opens and a market 

" clearing price is established by tatonnement, so that investors know 

what the market price, PM' is before they trade, and thereby obtain 

• additional information about other traders' estimates of P. They use 

this latter Information to update their expectations and all tradIng 

is ultimately based on forecasts condItioned on both ~i and PM' 

Investor i knows that the market price contains information held by 

other investors and also that PM does not contaIn all his Information. 

This characteristic of PM will allow him the possibility of earning 

speculative profits. Both PI and PM contain publ1c information and 

nei ther contains "unavailable information, " that is, residual 

• uncertainty. The indIvidual's error (PI - P ) will be correlated with 

• the market's error (PM - P ). 

Jaffe and Winkler (1976) have derived the investors' optimal forecast 

for the case where individual i's error and the market's error are 

Jointly. normal and nonindependent, Investor i's posterIor 

distribution conditional on both ~i and PM is normal, with mean Pi and 

2 variance ui ' where 

(3) 

2 Both "i' the weight he places on his prior, and ui are functions of 

trader i's estimates of his own error variance vi, the market's error 

variance u~, and the covariance between the two errors, eiM, 
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Next, consider the individual trader's investment decision. An 

investor calculates his demand by maximizing utility functions defined 

on the mean and variance of end of period wealth. The assumptions 

about the nature of Investors' information sets lead to normally 

distributed returns. Then the assumption of mean-variance utility 

functions imposes no additional restrictions on the model. Let WiO 

and Wi1 be the i'th investor's beginning and end-of-period wealth, and 

ni>O be the number of shares demanded if Pi > Pm and n i < 0 be the 

shares supplied if'Pi < PM' 

The i th . trader determines his position by solving the problem 

Max (4) 

where Wi1 = (1+r)WIO + nI(p -PM) + mi (Q1 - (1+r)~) , and r is the 

riskless rate of interest, m is the vector of demands for the other 

available risky assets and Qo and Q1 are the period 0 and period 1 

• prices of the other risky assets. I assume the price movement (P 

PM) is distributed independently of Q1 and 20· Note that this 

independence assumption will be used throughout the analysis. In a 

later section on liquidity trading it will be seen that the assumption 

of price independence between securities cannot hold within a 

portfolio context. This study does not analyze the price-volume 

reactions that occur from liquidity-motivated trading. Therefore, the 

assumption of independence should not lead to any serious difficulty. 

I also assume that investors are price-takers. 
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• From trader i's posterior distribution, the term (P - P ) 
M 

has 

expected value (Pi - PM) and variance CTf. 

condition from (4) gives his trading function 

Solving the first order 

where the second subscripts indicate partial derivatives. The first 

term is the reciprucal of trader i's level of absolute risk aversion, 

which will be denoted 1/a. I also sUbstitute for Pi from (3), 

yielding 

(5) 

The demand or supply functions are linear in PM" By summing the 

functions over all investors, I obtain the market's excess demand 

function. The market clears at a price at which the excess demand is 

zero. Investor i' s desired volume of trade increases with a, the 

perceived authenticity of his information, and decreases with 

increases in a i and CTf, his aversion to risk and the error variance, 

respect! vely. 

It is necessary to depart at this point from the Figlewski analysis. 

His setting is a futures market with no net supply of contracts. 

However, his analysis as presented so far can be generalized to a 

stock market, since his assumptions regarding the behavior of 
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investors in a futures market are quite consistent with those of 

investors in all financial markets. 

A NOTE ON THE COEFFICIENT, Xi' 

We can rewrite equation (5) as follows 

where, for the ith investor 

(nil~i) is the conditional demand or supply 

2 is the coefficient «i / ai~i and 

(PCE)i= (Pi-PM) is his instantaneous price change expectation. 

The relation between ni and Xi (PCE)iis monotonic and increasing, 

which relation is depicted in Figure 1. 

x) 1 

x (1 

1-__________ PeE t 

Figure 1. The relationship between the investor's subjectively 
determined coeffIcient, X, and the number of shares he demands or 
supplIes Is represented In the fIgure. 
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We observe In EquatIon (6) that each investor weIghts his PCE by the 

factor Xi' the Xi's being different for each investor. At present, we 
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cannot decompose ni into parts that reflect the effects of Xi and PCE 

separately, as the factors contain unobservable components. I assume 

that the mean (PCE) is the only component that affects ni . That the 

coefficient Xi has a significant influence on demand or supply is 

without doubt. Before continuing with my analysis, I therefore need 

to elaborate on Xi and why I am excluding changes in it for the 

remainder of this dissertation. 

The coefficient Xi is composed of three factors. I examine these 

factors first separately and then Jointly. I begin the decomposition 

with the 2 estimated variance of the expected price change, V . This 

2 estimate of investor uncertainty is incorporated in the O'i measure 

(see Figlewski [1982). The relation between vi and n i is monotonic and 

decreasing. Figure 2 depicts this relation. 

Figure 2. 
determined 

demanded or 

'------___ v2 , 

The relationship between2 the investor's subjectively 
estimate of variance, Vi' and the number of shares 

supplied, n i , is shown in the figure. 



'. 
Consider the arrival of some information that causes all investors to 

increase (decrease) their estimated vi identically. I can observe in 

Equation (5) that such a situation will decrease (increase) the shares 

demanded or supplied by all investors. Aggregate shares demanded or 

supplied will change unidirectionally. On the other hand, if the 

information is such that investor change their estimates of vi 
disSimilarly, then the implication is that the increases in demand or 

supply due to the reduced uncertainties of some investors will be 

offset by the decreases in demand or supply due to the increased 

uncertainties of others. In such cases, the impact of vi changes on 

volume would be ambiguous . 

What type of information makes investors respond with similar or 

2 identical changes in their Vi estimates and what type does not? The 

nature of information is studied later in some detail. For now, I 

can say that for similar changes in estimates, the nature of 

information should be such that all investors will be in agreement 

about t,he implications of the information. All investors will 

interpret similarly the magnitude or at least the direction of the 

expected price change. However, whether similar' interpretations lead 

to increases or decreases in uncertainty is not clear. Instead of 

speculating on such matters I note that there is still much to be 

learned about this matter but beyond the scope of this study. 
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Pincus [24] argues that an investor's interpretation of the same 

information may not be similar over time. This variation in 

interpretation affects the precision of his estimates of the expected 

2 price. The change in Vi depends on the nature of information, as 

perceived by investor. 1. Therefol-e. for sorne particular information. 

the change in vf for investors may also vary over time. 

Consider in equation (5) the weight. «i' that each individual places 

on his information set. This is a subjective evaluation by the 

individual about the reliability of his information. It is fairly 

obvious, given differences among investors, that for any information, 

there would be differences in this weighting among investors and 

differences over time for the same investor. Therefore, this factor 

would give rise to differences in the coefficient Xi among investors. 

th Finally, the absolute risk aversion factor for the i investor. ai' 

can be assumed to remain constant between two subsequent moments in 

time 

The coefficient Xi is then composed of three factors, each of which is 

subjective, hence unobservable. The important question is not whether 

the change in vf is such that its present estimate for all investors 

is convergent, or identical, nor whether the weight assigned by each 

investor, «i' is the same for all but whether the coefficient Xi for 

all investors changes similarly or not. Given the subjectivity of its 
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composition, it seems likely that there will be a fair amount of 

divergence among investors in the ways in which Xi changes. A 

divergence will imply that the volume effects of the smaller values of 

the coefficient X ( Xi e (0.1) ) will be offset by the larger values 

of the coefficient ( Xi e (1.0) ). For some information. if the 

changed values of the coefficient Xi are convergent for all investors, 

then its effect on volume will be unambiguous. 

There are two observations that that can be made from the above 

discussion. First. if investors interpret some information 

dissimilarly then it is more likely that investors would diverge 

rather than converge in the way they change the coefficient, Xi' given 

the subjective differences among investors. A divergence would imply 

ambiguity in the effect the coefficient had. on demand/supply. 

Second. it is beyond this study to separate volume by the separate 

effects of PCE and changes in X. Consequently. for purposes of this 

research we will assume that 1t is the peE (in response to some 

information arrival) that drives demand/supply and hence I trading 

volume. We stated earlier that I focus my analysis on that group of 

investors who trade only for speculative reasons. The assumption of 

PCE as the only determinant of trading volume is then consistent with 

the descrIptIon of this focus group . 
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THE PRICE CHANGE EXPECTATION, PeE 

It is worthwhile to elaborate Equation (5). The price at which the 

market clears is one where the excess demand (demand net of supply) is 

zero, or 

or 

IXi 

~i 
2 . Pi a i 0' i. 

PM = IX
J 

~J 2 

IXi 
j j 

Let Xi= 2 
aiO'i 

and X be the vector of the Xi/~i' The market price, PM' in Equation 

(6) can be written simply as 
, 

P = X P M -- (7) 

The market price is a weighted average of the individual investors' 

prior price forecasts. Note that Xi > 0 for all investors and X/e = 

1. Equation (5) thus can be expressed as follows: 

n i =Xi (PI-PM) and 

~1 ni = ~i Xi (Pi - PM) 

where ~i ni = 0 implies equilibrium. The price expectations of 

investors change over time. The various states of investor 

expectations in the aggregate are worth further description. The 

following scenarios are such depictions. 
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Case 1 : EQUILIBRIUM 

~I n i = 0 If (PI-PM) = 0 for alII. 

In thIs case Investors have no prIce change expectatIon and therefore 

neither demand nor supply the security. The market prIce PM is an 

equilIbrium price and the zero excess demand is the result of zero 

demands and supplIes of all Investors. 

Case 2 DISAGREEMENT (NO CONSENSUS) 

~I n i = 0 and Pi ~ PM for alII 

If PI > PM for all i then from (7) 
, 

PM < ~ :e 
If Pi < PM for all i then 

, 
PM > ~ :e 

, 
Thus if PM = ~ :e then PI for at least one 1 Is dIfferent In direction 

(from PM) from all other Investors. But PI is the expectation of 

Investor 1. In this case, if excess demand equals zero then at least 

one Investor must have a prIce change expectation that is different 

from all others. The dIsagreement Increases as more Investors differ 

In theIr prIce expectatIons from othe~s. The disagreement Is sharpest 

when Investors are equally divided about the direction of the expected 

prIce change. ThIs last situation Is one of "no consensus". 
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Case ~ : CONSENSUS 

A. CONSENSUS MAGNITUDE 

PI = P
J 

for all investors i.J and Pi ~ PM 

B. CONSENSUS DIRECTION 

Pi ~ P
J 

for all investors i.J but 

either PI > PM or Pi < PM for all i. 

If PI > PM for all i 

then 

ni > 0 for all i and ti n1> 0 

If Pi < PM for all i 

then ni < 0 for all i and Li ni < 0 

In case 3A. investors have identical price change expectations (PCE) 

while in case 3B. investors are in agreement about the direction in 

their PCEs but disagree about the magnitude. 
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CHAPTER 3 

INFORMATION • EXPECTATIONS AND EQUILIBRIUM 

In the previous chapter I described certain characteristics of 

investors in a security market. For instance, these investors were 

either speculators or liquidity traders. Speculative investors, the 

focus of my study, were further characterized as being either 

supplIers or demanders of the security. The demand or supply of 

specula ti ve investor i, ni ,. was determined by both his ownership of 

the securi ty and his price change expectation. In this chapter I 

begin by exploring the nature of the information variable. I discuss 

the ways it affects the price expectations of investors and which in 

turn determines their security demands and supplies. The demands and 

supplies of investors are the determinants of both the trading volume 

and the price changes that follows the arrival of information. This 

relationship between information and price-volume. changes is 

formalIzed in a mathematical model. The chapter ends with a brief 

discussion of the effects of short sales and transaction costs on the 

relationship mentioned above. The following two sections utilizes the 

concepts of consensus and disagreement as described in the previous 

chapter under the section on "A Note on the peE". Referencing that 

section for these concepts may help the reader. 

I assume that 1) the market price, PM' at which a news is released is 

an equilibrium price. This implies that one instant prior to a news 
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release, the demands and supplies of all speculative investors equal 

zero. This definition of an equilibrium state for a security's price, 

PM' at which information arrives is somewhat rigid. A more flexible 

definition of PM will be offered in the empirical section, accounting 

for the effects of transaction costs and the activities of liquidity 

traders, and, 2) All investors receive information simultaneously. 

The types of information considered arrive via public announcements of 

news. Therefore all investors have the ability to recieve the news at 

the time the announcement is made public, and hence the assumption. 

If an investor remains uninformed then I assume it is by his choice. 

Such an investor can be assumed not to trade for speculative purposes. 

The analysis therefore ignores these investors. Information arrival 

processes are discussed in some detail in a later section. 

INFORMATION EXPECTATIONS AND EXCESS DEMANDS 

News containing information about a particular security arrive in many 

ways. The news may arrive as announcements made by any concerned 

party, ~s media reports. as releases of company data, or as reports 

of managerial actions. I define information, (~), as the unobserved 

variable implicit in those news events that change the PCEi (or the 

~i) of at least some investors i, by an amount such that they desire 

transactions in the security. This fairly well-accepted definition 

was popularized by Beaver [4]. To distinguish between news that does 

or news that does not contain information is not easy without being 
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circular. A way to at least begin the task is to classify those news 

items which certainly contain information. 

All speculative investors simultaneously receive the same information, 

~. Investors process the information and respond with price change 

expectations, (PCE). Investors differ from each other in both their 

information processing skills and in the ways in which they process 

information. The environment in which the information is processed 

may also be different for each investor. All these differences among 

investors may be referred to as idiosyncratIc differences. Thus, 

investors PCE responses to information can be said to be 

idiosyncratic. When the responses of all investors are either 

identical or similar, I can say that investors are in consensus about 

the PCE magnitude, or direction, respectively. When investors respond 

with dissimilar PCEs then they are in disagreement or they are not in 

consensus. Therefore, along broad lines, information may elicit 

either a consensus response or disagreement. I can describe 

inforr.lation along these lines. Consider first the news events, which 

contain information that leads to a consensus response. 

In his study. "R2", Roll (1987) observes in his tests that the news 

releases that really stand out are events such as corporate takeovers 

and corporate disasters. Consider the news announcement that a 

certain firm has become the target of a takeover attempt. It is well 



known (and corroborated by empirical analyses, e.g., Asquith [2]) that 

the securi ty in question will experience a substantial increase in 

price during the immediate future. Almost all speculative investors 

in the market for the security will respond in consensus to the news 

with expectations of large price increases. These investors will 

desire to buy this security at the price at which the news is 

released. The excess demand, defined as the aggregate demand net of 

aggregate supply, resulting from the news event will be very large and 

positive. Such news certainly contains information. For owners of 

securities, this is the best kind of news. I classify such news 

events as reflecting clearly good information (CGI). 

Examples of corporate disaster news are gigantic oil spills or even 

worse, explosions that prove fatal to a mass of people. In such 

events, the securities of such firms usually experience large price 

falls. Since nearly all investors will respond in consensus by 

expecting large price declines, no investor will demand the security 

at the news release price. Security owners will desire to sell their 

stock holdings at the current price. Excess demands will be large and 

negative. As in the previous example, these news also contain 

information but information that portends difficulties for the firm. 

Let us term such news events as reflecting clearly bad information 

(CBl) • 

46 



In the above examples of information, idiosyncratic differences may 

lead to investors expecting different magnitudes of price changes but 

rarely will all investors not be in consensus about the direction of 

the expected price change. 

(or bad) information can 

From the above discussion, clearly good 

be characterized by both a consensus 

expectation among investors and large positive (or negative) excess 

demands. Assume for the moment that for such information, the 

consensus among investors is only about the direction of price change. 

Given the idiosyncratic differences among investors, it is difficult 

to conjure examples of information events that will result in all 

investors expecting exactly the same price change, or that investors 

would have consensus expectations as to the price magnitude. If there 

existed such news events that could be considered the best or worst 

news possible, then they would probably be characterized by investors 

responding in consensus about the PCE magnitude. Instead of 

speculating about the existence of such events, consider the examples 

of CGI and CBI above to bound the range of values for the information 

variable, ~. That is, let information be a truncated variable and 

let its values represent different news events. 

Each value of the information variable can be characterized by both 

the degree of consensus the information elicits among investors and 

the resulting excess demands. For example, consider the announcement 

of an employee layoff by some firm. If investors consider this action 
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as a cost-cutting move then the news is good. If investors think that 

the news is a signal for difficult times in the future then the news 

is bad. Therefore, for such news events, there is an increased 

possibility of investor disagreement. Information that is not clearly 

good or bad will result in some disagreement among investors regarding 

the expected direction of price changes. Unclear information and the 

resulting disagreement will lead to smaller excess demands. Such 

information can be characterized by values within a sub-range of 

information values, which sub-range is termed the Range of Unclear 

Informa t ion, (RUI) . The following figure describes the types of 

information a firm may experience. 

CBI RUI CGI 

THE INFORMATION VARIABLE 

Figure 3. The figure shows the types of information a firm may 
experience. CBI and CGI denote clearly bad and good information, 
respectively, wherear RUI dinotes a range of unclear information. The 
information events ~ and ~ denote two types of events that bound the 
unclear information range. 

The arrival of any type of information implies the realization of a 

certain value for the variable. It is assumed that the two extreme 

kinds of observations or the two extreme values for RUI type of events 

(one good and one bad) give rise to such a lack of consensus in 

investor PCEs that t.he resulting excess demand equals zero. The 

1 bounding values of RUI signify two threshold events, denoted ~ and 
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2

. For information within this range, the implications of the 

information are so obscure that investors are about evenly divided in 

their peE responses. For CRUI) type information, there is no 

consensus among investors. 

It is not implied that RUI type information events cause an exact 

division of investors by their peE directions, in every instance. For 

example, consider two adjacent RUI events or two realizations of the 

information variable that have adjacent values within the RUI range. 

One event may be such that more than half the investors consider its 

implication as good. The adjacent value event may cause more than 

half the investors to consider it as bad information. That is, within 

this sub-range of the information variable, the number of investors 

who expect price increases versus decreases varies randomly but on an 

average, investors are about evenly divided in their peE directions. 

Loosely, "it can be said that events within this range are such that 

the resulting excess demand varies randomly around zero. It is 

important to remember that news events within this range are 

classified as containg information since they motivate at least some 

investors to desire revisions in their holdings of the security 

concerned. 

The information content of news announcements as discussed so far is 

now formalized. Assume that information (ill), an unobservable random 
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variable is truncated at 0 (CBI) and 1 (CGI) and is normally 

distributed. A normal distribution implies that the extreme values of 

the variable occurs infrequently. The extreme values also signify 

infrequent events such as takeovers or disasters. The necessity to 

truncate the information variable was earlier observed. Later, it 

will be noted that the truncation also aids in simplifying the 

construction of the model for trading volume. The probability density 

function of ~ is 

0 when t < 0 

2 

f(~:Il,(T,O,l) = 
1 [- (t - f.1) ] 

/2 

exp 2 2 0' 1[0' -1 

x { /2 1 [ - 2 

} J exp (t - 11) ] dt 
0 2 0'2 

1[0' 

when 0 ;s ~ ;s 1 
0 when ~ > 1 

In this function, t ~ 0 implies a CBI type event, t ~ 1 implies a 

CGI type event and a value of t around .5 implies a RUI type event. 



INFORMATION, EQtJILIBRIUH AND PRICE-VOLUME DYNAMICS. 

The relation between information, changed expectations and excess 

demands was disc:ussed in some detail. Earlier, equilibrium was defined 

as a state in a. security market where the security's price was such 

that the excess demand equalled zero because of zero demands and 

supplies of speculative investors. Therefore, the excess demand 

resulting from the arrival of different types of information can be 

compared to the equilibrium state. 

I assumed earl ier that at the time some information arrives, a 

security's market price, PM' is in a state of equilibrium. If the 

information that arrives is clearly good or bad, large excess demands 

occur. The larger the excess demand, the larger the price change. 

Hence, CBI or CGI type events can also be characterized by non-zero 

supplies or dema.nds, respectively, and large price changes. Due to 

the significant effect on PM' these events can be said to possess a 

disequilibrating nature. For unclear information, the lack in 

consensus and the about zero excess demand implies that changes in 

price will be relatively small. Unclear information events can be 

characterized by non-zero demands and supplies and very small price 

changes. Beca~se PM has little tendency to change, unclear 

information can 1>e said to possess an equilibrating nature. 
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I stated earlier that CGI and CBI type events led to a consensus about 

the expected direction of price change only. due to investors' 

idiosyncracies. Consider first what would happen if for any 

information investors were in consensus about the PCE magnitude. If 

all investors expected the same price change then PM will change by 

the expected amount. i.e., a move from one equilibrium point to 

another. If investors always agreed on the expected magnitude of the 

price change. then PM would always reflect the price expectation of 

all investors. There would remain no incentive for investors to trade 

for gain capture or loss prevention. Speculative trading would become 

non-existent. 

If it can be believed (and who would not) that speculative trading 

does occur. then it must also be implied that even for the clearest 

information. the consensus is only in the direction. not magnitude. of 

the expected price change. Directional consensus has volume 

consequences that are radically different from those associated with 

consensus magnitude. Consider the arrival of clear information in the 

market. Large excess demands imply either very few buyers or very few 

sellers and hence low trading. Large excess demands also imply large 

price changes. A consensus only about the direction may then mean 

that the changed price is such that some investors will consider the 

price to have changed too much while others will consider it to have 

changed too li t tle. The directional consensus and the large price 
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change therefore sets the stage for' increased trading between 

investors who think the price change was too much and those who think 

it was too 11 ttle. This situation after the large price change is 

much like the situation following the arrival of an RUI type 

information. If the information that arrives in the market is 

unclear, investors are about evenly divided in their peEs. This lack 

in consensus also leads to large trading as owners expecting price 

declines sell to those expecting price increases. If price and volume 

reactions to unclear information can be specified, then the reactions 

for clear information are also specified, except that these clear 

events contain the extra initial reactions of low trading and large 

price changes. There is one other point that I need to note with 

respect to clear information. 

Earlier, investors were classified either as speculators, liquidity 

traders or in other security markets . It was also stated that at 

different points in time the composition of these groups could change 

as investors were free to change their group membership. On the rare 

occasions when exceptionally good or bad information arrives, 

investors who were previously in different markets or traded in this 

security market only for liquidity purposes convert to speculative 

investors since large gains or losses are now possible. With the 

introduction of new speculators, the large price change for such 

events would then be followed by heightened or even feverish trading, 
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trading that is much larger than if the information was unclear to 

begin with. 

Thus, investors are about equally divided by their PCE directions, 1) 

following the arrival of a RUI type event and before any 

information-induced price change occurs, and, 2) following the 

sequence of a drop in volume and a large price change caused by the 

arrival of a CGI or CBI type of information. In the latter case, 

investors are about equally divided by their PCE directions following 

a large price change because the information (CGI/CBI) arrival results 

in a directional peE consensus among investors, as discussed above. 

Assume that of the investors who ~xpect prices to go down (PCEs < 0) 

about half are owners. There is no reason to believe that investors 

cluster in their expectations by their ownership status. Define the 

upperbound of the number of shares generally traded for speculative 

purposes as being equal to N. When unclear (RUI) information arrives, 

the about equal division among investors implies that about half of N 

would be offered for sale and be sold. This large trading should be 

accompanied by no price change or at most a small price change, given 

the random nature of the equal division among investors. On the other 

hand, if investors are about evenly divided by their PCE responses 

following a large price change induced by a CGI/CBI type event, then 

the trading volume following the price change will be greater than 
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O.SN. This is becuase the number of speculators in the market wUI 

have increased. This large trading will also be accompanied by zero 

or small price changes. 

As discussed before, if investor PCE responses to information were of 

magnitude consensus, then only a single price change would be required 

to reflect the information. I argue that the information reflection 

process is not instantaneous and neither can a single price change 

reflect fully the information. This is because the idiosyncratic 

nature of peE responses of investors prevent identical investor 

expectations. Thus, when an HUI type information arrives, investors 

are about evenly divided by their PCE directions. This gives rise to 

increased trading activity and relatively small changes in the 

security's price. A small price change in any direction implies that 

some investors expected correctly the direction of the price movement. 

Having realized their peEs, these investors then drop out of the 

market. 

However, the small price change also implies that some investors were 

incorrect in their peEs. Once the price changes they realize their 

mistakes. It is argued that the realization by an investor that his 

peE was incorrect itself motivates further price-volume reactions. 

These investors then revise their expectations about the future price 

of the security. The revised expectations can again qualify investors 
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to be either in consensus or disagreement. Either kind will lead to -

price changes smaller than the initial changes and more subdued 

trading, simply because the number of participants diminishes. This 

endogenously induced process of price-volume adjustments will continue 

with shrinking volumes and even smaller price changes and eventually 

stop once an equilibrium price is realized. At this price all 

individual demands and supplies will equal zero, the information will 

be fully reflected in the price and both price and volume reactions 

will cease. 

AN EXPECTATIONAL MODEL OF TRADING VOLUME 

Price-volume reactions to the arrival of both clear and unclear 

information have been described. These descriptions of security 

market phenomena can serve a greater purpose if they can be 

represented mathematically. Mathematical models of phenomena lend 

themselves easily to manipulation. The manipulations lead to the 

derivation of predictions about the security which can be tested 

empirically. The empirical tests can be used both to confirm or reject 

the predictions and to test the validity of the model itself. In this 

section, a mathematical model for trading volume is developed. 

It was noted in the previous sections that the nature of information 

determined both the demands and supplies of investors. For clearly 

good (bad) information, aggregate demand (supply) was high and supply 



(demand) was low, etc. Unclear information lead to large aggregate 

demands and supplies. In other words, information-related demands and 

supplies, in the aggregate, are interdependent. It is necessary to 

represent these total demands and supplies mathematically. Trading 

volume then can simply be expressed as the minimum of the two: if the 

total quantity demanded is less than that supplied, then at most the 

amount demanded can be sold • 

Recall Equation (6) 

= 

let Ni = (ni /2N) + 1/2 

so that Ni e [0,1] represents the standardized and scaled demand or 

supply of the i th . individual as a weighted function of the 

individual's expectation of the price change, given his information, 

4>i' In the model, the variable Ni will be assumed to have a Beta 

distribution. The Beta is a [0,1] distribution and hence the 

transformation of ni to N
i

. A summation of the supply of all owners 

and the demand of all investors will equal the aggregate supply and 

demand respectively, expressed as percentages of N, the number of 

shares available for speculative trade. The interdependence of 

information-related demand and supply simplifies the task of 

summation. This is because a single distribution can be used to 

represent the demands and supplies, Ni' of all investors i, and for 

all types of information. The following figure illustrates three 

possible frequency distributions of Ni' for all i, for three 
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different information events. 

Figure 4a represents a possible frequency distribution of Ni , for all 

i, after the arrival of clearly bad information (~ ~ 0) in a security 

market. The mid-point on the horizontal axis represents Ni=O and the 

distribution at that point represents the number of investors who 

neither supply nor demand. The values of Ni < 0 represent supply 

a N -0 
1 

a 
1 a 1 

Figure 4. represents possible frequency distributions of Ni , for all 

i. given the arrival of a) CBI, b) RUI, and c) CGI. 

amounts and the distribution shows the frequencies with which those 

amounts are supplied. Therefore, figure 4a shows that many owners 

seek to supply large number of shares, which is what it should be 

given the CBI type information. Ni > 0 represents demand amounts and 
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the distribution represents the associated demand frequencies. Again, 

given the information, the demand is expected to be low, which is 

observable in the figure. It is argued that even though the 

information is of CBI type, a very small number of investors may still 

expect price increases, simply due to the idiosyncratic nature of 

expectations. Figure 4c represents the Ni distribution following the 

arrival of information that is close to the CGI (~~ 1) type. As can 

be observed, the demand and supply frequencies are again properly 

specified. Figure 4b is an example of the distribution of Ni' given an 

unclear (~ ~ .5) or RUI type information event. 

The hypothetical frequency distributions in figure 4 imply analogous 

probability distributions. The analogous probability distributions for 

figures 4 can be divided into two functions, one over Ni e [0,.5) and 

the other over Ni e (.5,1). The former function will represent supply 

probabilities while the latter the demand probabilities. The 

distribution moments can now be calculated. In figure 4a, the 

expected number of shares demanded or supplied, E(Ni ) will approach 0, 

or O/N, where N again is the total number of shares generally traded 

for speculative purposes. Since Ni has been standardized and scaled, 

the expected value of supply will be properly reflected by the 

expression (l-E(Ni » so that in figure 4a, the expected supply will 

equal 1, i.e., 100% of N. Given the CBI type information, the 

expected supply will approach the total number of shares generally 
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traded for speculative purposes. The expected demand will approach D 

(E(N
i
», or DIN. This also implies that for clearly bad information, 

the expected supply can be expressed as 1 - the expected demand. In 

figure 4c, with CGI type information the E(Ni ) ~ 1, the expected 

demand will approach 1 or 100" of N and the expected supply will 

approach zero C1-E(Ni », so that the expected supply can be expressed 

again as 1 the expected demand. Thus, the division of the 

probabilitiy distributions into supply and demand distributions is not 

required when the information is of the CGI or CBI types, since demand 

or· supply can be expressed as a function of the other. If the 

expected values of demand and supply can be similarly computed for 

unclear information (as in figure 4b), then a distribution with the 

property that allows this determination of expected demand and supply 

for all information types can be specified. In an earlier section we 

discussed the assumption that investors were about equally divided by 

their PCEs when unclear information arrived in the market. In such 

situations, half of N would be offered for sale and be sold. As shown 

in figure 4b, both expected demand and expected supply approach .SN 

(expected supply again equals 1 - expected demand), which again is a 

correct specification for the information type. Finally, note that the 

transformed variable, N
i

, allows the expression of demand and supply 

as percentages of N. 
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Since the number of investors in most security markets is quite large, 

Ni will possibly take on many different values for different 

information types and hence the distribution of Ni will possibly take 

on many shapes. This condition therefore is also important in the 

choice of a statistical distribution. Further, the interdependence of 

information related demand and supply requires peakedness and skewness 

for extreme values of the information variable, as in Figures 4a and 

4c. Of the commonly used statistical distributions, the Beta 

distribution is one of the rare continuous distributions that has all 

these properties and fits all the above conditions very well. The 

Beta is a scaled [0,1] distribution with two parameters, B(a,b), or in 

this case, B(a(~), b(~». Note that both the truncation of the 

information variable and the transformation of the ni variable (to Ni 

e [0,1]) fits in well with the boundedness of the Beta distribution. 

From the properties of the Beta distribution 
a(~) 

a(~)+b(~) 

and as ~ ~ 0 (CBI), a(~) ~ 0 and b(~) ~ max b(~) and as 

~ ~ 1 (CG I) , a (~) ~ max a ( ~) and b (~) ~ 0 

Then E(Nil~i) ~ 0 as ~ ~ 0 for all i, and 

E(Nil~i) ~ 1 as ~ ~ 1 for all i. 

The Beta distribution allows the computation of the expected demands 

and supplies of all information types. To find aggregate demands and 

supplies, I need to specify the number of owners who supply and the 
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number of investors who demand for all values or all types of 

information. Aggregate supply (demand) can be calculated as the 

product of the expected supply (demand) and the number of suppliers 

( demanders). Let Ms (Md ) represent the number of suppliers 

(demanders) as a proportion of all possible suppliers (demanders), for 

different values of the information variable. 

It is obvious that the number of suppliers will increase as the 

information implies worse outcomes and with CBI, M will approach 100% 
s 

of all possible suppliers while Md will approach O. For CGI type 

events, Ms ~ 0 while Md ~ 1. Thus, Md , for CBI and CGI types can 

be deterministically expressed as 1 - M. With unclear information 
s 

and the random disagreement in investor peE responses, Ms and Md are 

no longer deterministic but stochastic. Once the stochastic process 

is identified then the specification of Md and Ms for all information 

types will be complete. MeaGures for aggregate demands and supplies 

and hence, trading volume (as a percentage of N) can then be obtained, 

given any information. 
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Supply 

Individual i supplies Ni shares given ~i (from equation 6) 

Assume 

elsewhere 

No explicit assumption are made about either the joint distribution of 

Ni and ~i ' f(Ni'~i) , or about Ni and PCEi , f(Ni,PCEi ), only noting 

that PCEi is a linear transformation of Ni . Let N be the total number 

of shares traded for speculation where N does not include shares which 

are exchanged strictly for liquidity purposes. Note that trading 

volume measures will be expressed as a percentage of this N. ~1 and 

~2 represent two threshold events that satisfy the condition 

~1 + ~2 = 1 

This last condition implies the assumption that within the threshold 

1 points (within RUI) about -z N is available for trade. I discussed 

this point earlier. 

Let d = ~2 _ ~1 

and let (W
t

, t ~ 0) be a Standard Brownian Motion (SBM) with initial 

property Wo = o. 

that M (~) E (0,1). 
s 

Assume further that there are M (~) suppliers and 
s 

Define M (~) as follows 
s 



~ 

1---
l-d 

~ 

1 - -r=a- + ks (W~ _~1 
d 

~1 < ~ < ~2 

~-d 

1 -
l-d 

Within the unclear range (~1,~2) , the term 

~ _ ~1 

ks (W~_~l - -d"---

is a Brownian bridge, appropriately scaled to reflect the zero excess 

demands at the threshold points and shifted to reflect the about equal 

division of expectations within this range. This term allows for the 

disagreement among investors in their peE responses so that within the 

RUI range of events, investors vary in number as to how many consider 

the news as good or bad. Also note that the term equals zero either 

when ~ = ~1 or when ~ = ~2. This implies that the variance of M and 
s 

Md increases as one approaches the midpoint (as ~ ---+ .5) of this 

range, reflecting the decrease in clarity of the information. The 

term ks' a ~-dependent parameter controls the fluctuation amplitude, 

1. e. , k controls the amount of disagreement or the number of s 
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investors who agree or disagree. Thus, if information is clearly good 

or bad, the number of speculators increases and so does ks ' This 

parameter then allows for very large volumes of trading to follow 

large price changes. 

Properties of M (t) s 

1) M (t) s = 1 at ~ = 0 (with CBI, all owners are suppliers) 

2) M (t) s = 0 at t 1 (with CGI, no owner supplies) 

3) M (~1) 
s 

= M (~2) 
s 

Proof: 

l-~l/(l-d) = 1 - (~2 - d)/(l-d) 1 _ ~1 l(l-d). 

4) M (~1) = 1/2 requires ~1 + ~2 = 1 
s 

Proof: 
~1 

1 - I-d - 112 (we need to show this) 

_~1 

-- - - 112 I-d -

= 1 _ t 2 + ~1 

~1 + ~2 = 1 o 

o 

The function f(~) allows for a downward curve of the Brownian bridge. 

It was discussed earlier that for RUI events, an equal division of 

investors by their PCEs (or into Ms and Md(or I-Ms » implied that 

small price changes were followed by a reduction in trading activity. 
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The f(~) function curves downward the aggregate demands and supplies 

for RUI type events i.e., curves the Brownian bridge downwards which 

then depicts the said reduction in trading acti vlty. The function 

f(~) has the following properties: 

f(~l) = f(~2) = 0 

symmetry (9) 

Let 

f(x) 2 = px + qx + r 

Then f(~l) = 0 4=> p(~1)2 + q~l + r = 0 and 

f(~2) = 0 4=> p(~2)2 + q~2 + r = 0 

Subtracting Equation (11) from Equation (10), I get 

p«~2)2 _ (~1)2 ) + qC~2 _ ~1) = 0 

2 1 Dividing through by C~ - ~ ) I get 

p( ~2 + ~1) = _q 

P = _q/C~2 + ~1) 

Substituting for p in (10) 

[_q/C~2 + ~1) . C~1)2] + q~l + r = 0 

r = [q/C~2 + ~1) . (~1)2] _ q~l 

= q~l (~1/(~1 + ~2) _ 1) 

(10) 

(11 ) 

Therefore, q determines both p and r, where q is the slope of the 

curve in the Brownian bridge . 

supply, Cas a percentage of N} as 

We can now express N , the aggregate 
s 

Ns(~) = l1-ECN
i 
(~»)] • Ms(~) (12) 

= [l-aC~}/(a(~) + b(~») . Ms(~} 
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To understand how aggregate supply is to be computed in Equation (12), 

consider these examples. Suppose a CBI type (t ~ 0) information 

arrives in a security's market. E(Ni(t» ~ 0 and since 0 < t < t 1, 

Ms(t) = 1- 1~ = 1- 1~d = O. 

Hence, aggregate supply, N ~ (1 - 0) x 1 = 1 or N ~ 100% of N. s s 

If a CGI type information arrives, E(Ni(t» ~ 1, M (t) ~ 0 and N ~ s s 

O. Note how Ns is nearly deterministic in the ranges 0 < t < t 1 and 

t 2 < t < 1. Now suppose an RUI type information arrives in the 

market. The stochastic nature of Ms and Md imply a more complex 

series of calculations. First of all, empirical estimates of t 1 , t 2 , 

kd and f(t) are required. Suppose, for this RUI event, the value of t 

1 2 NO.5 and t and t are equal to 0.7 ana 0.3, respectively. Then, 

E(Ni(t» ~ 0.5 and Ms(t) equals 

{1-1-(~7:.3) +kd (W. 2 - ~ W. 4) + f(t)} 

and N = (1-0.5) x { }, where the term within {} will provide for some 
s 

random variation of N around 0.5. 
5 

In the empirical section some 

estimates or estimation techniques for the above unknown parameters 

will be discussed. Figure 5a shows aggregate supply. 
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Figure 5. a) The aggregate supply of a firm's shares are shown 
following the arrival of all types of information, and b) the 
aggregate demand. 

Demand 

Aggregate demand, Nd , can be expressed similarly as 

Nd(~) = [E(Ni(~»J . Md(~) 

[a(~)/(a(~) + b(~»J . Md(~} 

(13) 
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a :s Cb :s Cb1 

I-d 

Cb1 < Cb < Cb2 

1 - d d 

II> - d 
Cb2 :s Cb :s 1 

1- d 

Note that Md above is simply 1 - Ms' Figure Sb shows the graph for 

aggregate demand. Figure 6a shows the aggregate demand and supply 

functions superimposed in the same figure. It is interesting to note 

in this figure that if the range of unclear information range is 

removed then the demand and supply lines collapse to the familiar 

downward and upward sloping lines, respectively. Removal of the RUI 

range and the single point representation of equilibrium implies that 

investor peE responses are always identical or that the information is 

perfect. The development of my model for aggregate demands and 

supplies suggests that the price of a security may attain an 

equilibrium state at any point within the RUI range and is not limited 

to occur at a single point, as in traditional economic models. 



Finally, note that the derivation of aggregate demand and supply is 

possible only when a distinction can be made between between demanders 

and suppliers of securities. This was made possible by a restriction 

on short trading. It should be noted that the distinction can be made 

even without this restriction; all that is required is an asymmetry in 

costs of ordinary and short sales. Asymmetric costs imply that a 

difference in the trading behavior of owners and non-owners must 

exist when both expect price decreases. The difference in behavior of 

owners and non-owners when both have similar expectations (peE < 0) is 

sufficient to induce a distinction between them. In a later section 

on short sales it will be noted that such an asymmetry does in fact 

exist in equity markets. 

Trading Volume 

Deriving a measure for trading volume is now fairly straightforward. 

Trading volume, (tv) is simply expressed as follows : 

tv (~) = min ( Ns ' Nd ) (14) 

where Ns and Nd are the aggregate supply and demand, respectively. 

The trading volume (Figure 6b» function is shown as the minimum of 

the two (demand and supply) functions for all information values. The 

information, ~ E (0,1) implies the values of a(~) and b(~). Using 

these parameter values the associated aggregate supply and demand can 

be computed and from which the trading volume, expressed as a 

percentage of N, can be derived. 
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Figure 6. a) The aggregate demand and supply for various information 
events are shown, and b) the trading volume is shown as the minimum 
function. 

TRANSACTION COSTS 

Transaction costs are an integral part of all security transactions. 

In the absence of transaction costs, investors with positive and 

negative PCE's demand and supply securities, respectively. When 

transaction costs are present, trading is no longer as simple to 

describe since the trading motive then is dependent not only on the 

PCE direction but on the PCE magnitude as well. I can illustrate 

this point with a simple example. Suppose the cost of transacting in 



a security is $0.50 per share. An investor wi th a PCE which is 

positive but less than SO.50 will no longer demand, since the 

transaction cost will wipe out any gain that he may expect. He will 

demand only if his PCE is greater than $0.50. Such investors will no 

longer demand and the volume of trade will fall due to the exclusion 

of these investors. Owners with PCEs less than transaction costs will 

not supply either, for similar reasons. Volume of trade is thus 

reduced by the existence of transaction costs. Moreover, by the same 

reasoning, the greater the costs of transacting the greater the 

reduction in volume. The effects of transaction costs on volume can 

be shown algebraically . Recast Equation (6) to show the demand for 

the jth. investor, ndj , as 

ndj = Xj PCEj 

The demand, inclusive of transaction costs, is 

ndj = Xj ( PCEj - TCj ) 

th where TCj = transaction costs for the j investor. 

The presence of transaction costs reduces demand by the amount 

Xj x TCj for each investor j. Further, 

a ndj 
a TC

J 
'" -x j 

or that volume decreases with transaction costs. Note that the 

reduction in demand will vary for each individual. Transaction costs 

not only differs among investors but also decreases as the number of 

shares transacted increases. 
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SHORT SALES 

Transactions in which investors borrow securities from one another are 

known as short sales. The actual mechanism is as follows an 

investor who short sells a security is credited with the shares in the 

books of his broker. In return, the investor must provide about half 

the amount of the dollar value of the transaction as a margin to the 

broker. If the price of the share falls, the broker makes a payment 

to the investor and makes a margin call if the price rises. A short 

seller can then be thought of as one who expects price declines. 

There are some other restrictions that apply to such trades. Short 

sales can be made only on upticks or zero-plus ticks. All dividends 

on the shares accrue to the original owner of the security, and 

finally not all securities may be sold short. Transaction costs on 

short sales are about 1% of the value of. the trade on averag.e. The 

broker pays to the investor an interest on the margin which is 

commensurable to the risk free rate. Certain observations can be 

implied . A short seller is one who : 

1) is a non-owner of the security since an owner with declining PCE's 

will first exit his position before short selling. 

2) incurs a short selling cost equal to the difference between his 

opportunity cost on the margin amount and the risk free rate (a 

positive amount) plus transaction cost . 
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The cost of selling short has an effect on trading volume that is very 

similar to the effect transaction cost has on volume. A non-owner 

must expect the price of a security to decline by an amount greater 

than the cost he would incur in selling short before he would engage 

in such a trade. The effect of short sales on volume can be shown 

algebraically in much the same way as was shown for transaction costs. 

s th Let n
J 

be the voltme of short sales desired by the J non owner and 

SSJ be his short selling cost. Then 

s 
n

J 
=, Xj IPCE

J 
- SSjl 

where IPCEjl is the negative PCE of non-owners. Volume reduces by an 

amount X
J 

x SSj when these costs are included. Since the cost of short 

sales is usually greater than transaction costs, the volume reduction 

from these costs are greater than the reductions arising out of 

transaction costs. Moreover, short sale trades also involve 

transaction costs, so that volume is further reduced. Volume also 

reduces as these costs increase for each investor j 
s a n
J 

= - x J 

3 or that for short sales. volume declines as costs increase . 

3The short seller will in general have an opportunity cost much higher 

than the risk free rate. since he is a speCUlator; This implies a 

cost-induced reduction in volume. Note that the opportuni ty costs 

and. therefore, the short selling costs vary across investors. 



Thus, there is an implied aggregate constraint to high volumes of 

short sales. A high volume of short sales implies that many 

non-owners expect significant price declines, unless the high volume 

arises out of the actions of a handful of investors acting on private 

information. If many non-owners expect price declines then 

conceivably many owners should also expect similar declines. These 

owners would sell instead of lending their shares and hence the supply 

of securities for short trading would fall. This would force short 

sale volumes to be low. An interesting extension of this argument 

arises. A high volume of short sales arising from the action of many 

investors may imply that non-owners and owners are clustered by their 

expectations. Conversely, if most non-owners expect price increases 

and owners expect decreases, then large trading and low short trading 

would result. If investors behave rationally, then there is no reason 

to believe that clustering will exist. Clustering implies both owners 

and non-owners cannot differ in their PCE's from other members of 

their group, which is irrational. If clustering does not exist, then 

trading volumes should be unaffected on days with high volumes of 

short trade. Conversely, days of high trading should not be marked by 

significantly low volumes of short sales. What is interesting is that 

I can now test empirically whether there are instances of clustering. 

I have shown some reasons why short sale volumes are constrained to be 

low. Moreover, historically, individual stocks have tended to have a 
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greater number of price increases than decreases, which is another 

constraint to short sales. All these constraints are readily evident. 

the volume of short sales is usually less than O.lY. of regular trading 

volumes. Since volume of short sales is so low then it may be quite 

justifiable to exclude it from the analysis, especially if no 

generality is lost. There is yet another reason for the exclusion. A 

short sale can be essentially viewed as a futures contract on the 

security with one important difference. This contract does not have a 

maturity date. If margin requirements are maintained, then the time of 

contract termination is at the discretion of ei ther the investor or 

the broker. A broker may terminate the arrangement If he cannot 

replace the securities in the event the original owner 'withdraws the 

shares. In all other ways, the transaction is like a futures contract 

and hence a derived security. Though the concepts of regular and 

derived securities trading are not independent of each other, the 

inclusion of the analysis of derived trading is beyond the scope of 

the trading model developed in this dissertation. In the case of 

short trading, this exclusion is more justifiable given the earlier 

arguments. Note that the model needs marginal modification (owners 

with negative PCE's will sell whereas non-owners with negative PCE's 

will short sell) in order to accommodate a theory of short sales. 
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CHAPTER 4 

PRICE AND VOLUME 

In the previous chapter, a simple mathematical model was developed to 

represent the relationship between price-volume reactions and 

information. This relationship is complex, and so in this chapter I 

give some thought to factors that influence the relationship. 

VOLUME AND THE DIRECTION OF PRICE CHANGE 

The motives for speculative trades arise either because investors want 

to prevent losses (sellers) or to capture gains (buyers). The trading 

behavior of buyers and sellers should be similar as the desires for 

gain and loss prevention are nearly the same. Investors would want to 

sell before price declines (downticks) and buy before price increases 

(upticks). Trading volume should therefore be unaffected by the 

direction of the actual price change. Only the existence of short 

selling costs cause volume differences between upticks and downticks. 

The Cost of Short Sales : Selling a security short is more expensive 

than regular trading (see section on short sales) since the difference 

between the interest received on the margin and the opportunity cost 

of the margin amount is negative and hence represents an added cost. 

Thus investors who expect price declines must not only expect the 
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declines to be greater than transaction costs but also greater than 

the sum of transaction and short sales costs before they could desire 

to trade. For increasing PCE's, the only constraint is the cost of 

the transaction. The additional cost of short selling will then 

reduce volume on downticks. The empirical results of previous work 

have shown volume to be greater on upticks than downticks (see section 

in literature review). I intend to empirically test the relationship 

between the direction of price change and trading volume. 

INFORMATION ARRIVAL PROCESSES 

Information arrival is said to follow a simultaneous process when all 

investors receive the information at the same time and to follow a 

sequential process when investors receive it one at a time. Clearly 

it is not totally simultaneous, as assumed in most studi~s, since that 

would void the idea of insider trading, which is a prime example of 

the consequences of a sequential arrival process. Neither is it 

strictly sequential since that would constrain information to spread 

under a rigid rule where two or more investors could not obtain the 

news at the same time. the WSJ could report the news only after all 

investors had received it and management could not make any 

announcements. It is possible that the actual arrival process of 

information is a combination of a sequential and a simultaneous 

arrival process. For example, all insiders may Simultaneously receive 
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the information before all other investors. etc. At present. it is 

not important for us to determine the exact combination of the arrival 

process; it is. however. necessary to understand the implications of 

the different arrival processes since they generate different trading 

patterns. 

Consider an example where some clearly good information is about to be 

released. I have argued earlier that. if all investors receive the 

information at the same time. then a consensus about the expected 

price increase will result in a large excess demand. Volume will fall 

as no one will sell. The large excess demand will also lead to a large 

price increase. If the consensus is only in direction then this price 

increase will be followed by large amounts of trading. Now suppose 

that insiders have first access to this information. These investors 

will then buy from the uninformed investors. The trading will cause 

volume to increase before the price increases. In a test of the 

price-volume reaction to CBI and CGI type of information, the 

expected drops in volume before large price changes will then not be 

observed. 
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THE LIQUIDITY MOTIVE 

Price expectations do not motivate liquidity trading. An investor 

requiring funds for consumption will sell a security no matter what 

his price expectations are. In the case where investors hold multiple 

assets, as is usually true, the motive for liquidity trading is still 

independent of price expectations, but the choice of securities to buy 

or sell for liquidity reasons is dependent on their price 

expectations. 

An investor who desires liquidity for consumption purposes will 

liquidate the holding of that security which he thinks is the most 

likely to depreciate in value. If the motive is tax benefits, then 

the security sold will be one which is most appropriate in the context 

of the investor's tax position. The choice of security will be based 

on the expected earnings or losses from each candidate securi ty. 

Hence, in a world where most, if not all, investors hold mult iple 

security portfolios, even liquidity motivated trading is dependent on 

price expectations. While discussing the Figlewski model in chapter 

II we stated that an investor decided upon the number of shares of a 

security to supply or demand based on his price change expectations; 

this price expectation was assumed not to be affected by 

(alternatively, to be independent of) the price expectations the 

investor had about other securities in his portfolio. When investors 
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trade for liquidity purposes, it is clear that the independence of 

price expectations between securities does not hold. The ways in 

which an investor's supply or demand of a security is affected when 

the investor's price expectation about the security is dependent on 

his price expectations about other securities is beyond the scope of 

this study. I thus assume that price dependence between securities 

does not affect the trading that follows the arrival of information 

about a security .. 

Liquidity motivated trading also has volume consequences. Consider an 

example where an investor has decided on the security he wishes to 

sell for liquidity purposes. News about this security (firm) is 

released which alters the investor's expectation about the future 

price of the security. Suppose his prior belief was an expected price 

decline and the information reinforced this belief. He may then 

liquidate a larger number of the shares than he had originally 

intended. Alternately, if the information reverses his prior belief, 

he may reduce his transaction volume. In either case volume is 

affected. It is not possible to isolate these volume effects in this 

study. I only note that liquidity trading is affected by price 

expectations, especially in the presence of security-specific 

information arrival. 
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When news is released over the news services or in the WSJ for 

example, it is in the public domain. Such news is simultaneously 

available to all investors. If an investor is unaware of such 

information then it is by his choice. Since this study assumes a 

simultaneous mode of news release, and since liquidity trading that 

follows such information events is very dependent on price 

expectations, for empirical purposes we will assume that trading 

following news releases is entirely speculative. 

EVENT AND NON-EVENT TIME 

If a news release contains security-specific information then price 

and/or volume adjustments in that security follow. The market for any 

security can be thought to exist in two states. The states are 

differentiated by the existence, or its lack, of securitY-'specific 

information arrival. One state, termed event time, is assumed to span 

a three hour window on each side of the news arrival time. The choice 

of this six hour interval is discussed later. The empirical analysis 

of this paper is focussed on this event time. 

Non-event time, the other state, includes those periods in which there 

are no new arrivals of security-specific information. In this state, 

all speculative investors have zero demands and supplies, the market 

price is an equilibrium price, and there is no expectation based 
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trading. 

liquidity 

In such times, price-volume movements occur only if two 

motivated traders transact between each other or if 

liquidity traders transact with a specialist. Liquidity trading 

involves small price changes as trading is at the spread. Thus, 

trading in the two states differ because of the differing trading 

motives of investors. 

It is worthwhile to note that for most firms, the number of specific 

news releases is fairly small. In the empirical section I observe 

that the average number of news releases for 400 firms trading in the 

NYSE is about 19 per year, or on average once every 19 calendar days. 

Thus, most times can be classified as non-event times. The volume 

that occurs in non-event times is therefore of significance, 

especially when hourly or daily average volumes are to be calculated. 

The analysis of non-event time trading is ignored except when average 

volume calculations are required. 
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CHAPTER 5 

EMPIRICAL IMPLICATIONS 

EMPIRICALLY TESTABLE HYPOTHESES 

In chapter III it was argued that clearly good or bad information 

resulted in consensus responses and large positive or negative excess 

demand. An immediate consequence of large excess demand is a sharp 

drop in trading as either no one buys or sells. Large excess demands 

also cause the largest price changes. If the consensus response is 

only in direction, then the changed prices are such that investors are 

about evenly divided in their expectations, following the large price 

changes. CBI or CGI type information also sw~lls the ranks of 

speCUlators. Thus, the trading that follows the largest price changes 

are extremely large. For the largest price changes, t~e accompanying 

changes in volume are positive and significantly larger than the 

changes in volume accompanying all lesser price changes. For unclear 

CRUI} information, the lack in consensus in the investor responses and 

the small excess demands imply a sequence of large volumes, small 

price changes and smaller volumes. For small price changes, volume 

changes are small and negative. 

Figure 7a and 7b show the relationship between price changes and 

volume changes for CGI and RUI type information, respectively. The 

84 



horizontal axis represents the time sequence of the effects of 

information on price and volume changes following the arrival of 

information. Note that even though the points in time at which the 

changes occur are shown as separated by discrete intervals, the actual 

changes may be qui te rapid and the sequence of changes may not be 

easily discernible. In figure 7a, time 1 represents the arrival of 

CGI information, preceding which time both price and volume are at 

some equilibrium level, p. and V·, respectively. The first reaction 

which is in volume is shown as occurring at time 2 followed by a large 

increase in price at time 3. Time 4 shows the following large 

increase in volume. Note that if the event was of a CBI type, the 

only change required in figure 7a would be to depict a large decrease 

in price at time 3. In figure 7b, the arrival of RUI type information 

is followed by an increase in volume, a small price increase (or maybe 

a decrease) and then a decrease in volume. These sequences of price 

and volume changes imply a relationship between the absolute value of 

price changes and accompanying volume changes, which relationship is 

shown in figure 7c. 

Note that movements in price (P) and volume (V) in figures 7a and 7b 

are both depicted on the vertical axis. The movements in price and 

volume cannot be measured by the same scale. The figures are merely 

illustrative of the magnitude of the movements in the two variables 

85 



and the movements should be considered as belonging to two entirely 

different scales. The figures serve to simplify the exposition in 

that the magnitude of the movements in price and volume can thus be 

shown in one instead of two separate figures. 

P.V 1-----,-:::,:---------, P.V 1-----:--------., 

, .. - •••... \ ... 

....... 

, ••........ '! •.• 

./ --:.-,---:~:::.: .. .. .... ----'~ ...... . 
....... 

lUI 

lime ,., ,., 

, .. 

Figure 7. a) The arrival of CGI information (time 1) is followed by a 
sharp decrease in volume (time 2), a large price (time 3) and a large 
increase in volume. b) An RUI event is followed by a large increase in 
volume, a small price change and a decrease in volume. c) The 
relationship in a) and b) define the relationship between volume 
changes and absolute value price changes. 
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The above price-volume relationship 1.s used to set the alternate 

hypothesis and the null hypothesis can now be specified. 

Test 1 For the largest and smallest price changes, there are 

no significant differences in either the magnitude or the direction of 

volume changes which accompany all the price changes that 

transactionally occur in the three hours following the arrival of 

information. 

HI: For the largest and smallest price changes, changes in 

volume are large and positive and small and negative, respectively. 

CGI and CBI type events bound the types of information events firms 

experience. CGI/CBI type events are associated with the largest price 

changes because investor consensus PCE responses lead to large excess 

demands. I have argued that for these events, large positive volume 

changes accompany these large price changes. Consider an information 

event that elicits a some\lhat weaker consensus response among 

investors and compare it to CGI or CGI type events. The price change 

will be smaller since the consensus will not be as strong. There 

would be more buyers and sellers before the price changes and fewer 

trades after the price changes. Therefore the volume change 

accompanying this price change should still be positive but not as 

large as was for CGI/CBI type events. 
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As I consider information events which elicit even weaker consensus 

responses, I would expect to find smaller price and volume changes. 

Alternatively, in reference to the illustration of information in 

figure 3, I am considering price-volume implications of different 

information types as I move away from the boundary value (CGI/CBI) 

types. As I move towards the RUI types from either (CGI/CBI) side, I 

should encounter two events for which the lack in consensus is such 

that the change in volume will equal zero. A simple illustration can 

be used to elucidate the argument. Figure 8 is the same as figure 7c 

except that figure 8 shows the relationship between signed price 

changes and volume changes. The points at which the lines cross the 

horizontal axis are also points at which the change in volume equals 

zero. 

tN 

(e) 

Figure 8. The rehtionship between signed price changes and volume 
changes. Note th(! two points (one each for positive and negative 
price changes) at ~hich the volume change equals zero. 

88 



Change in volume will equal zero only when excess demand equals zero. 

In reference to figure 3, I should encounter the two threshold events 

For RUI events, small and negative volume changes will 

accompany the smallest price changes. Thus, volume changes will range 

from large and positive (for CGI/CBI type events) to small and 

negative (for RUI types). Therefore, for the price reactions 

associated with different information types, a measure for the 

accompanying volume changes should show at least two sign reversals, 

one for events that lead to positive price changes (good events) and 

one for negative (bad events) price changes. I say at least two 

because for RUI events, the random fluctuations of excess demand 

around zero implies random fluctuations of volume changes around zero. 

Also note that since the sign reversal points indicate the two 

treshold events, the location of these points, if observed, can also 

be used to estimate ~1 and ~2. 

In the empirical tests, I will observe the price changes associated 

with many different information events. At least two sign reversals 

in the measure for the change in volume accompanying each of those 

price changes will be evidence of the existence of a range of unclear 

or imperfect information. If information is perfect then only a 

single sign reversal should be observed over all the price changes. 

It would occur where the excess demand would equal zero. Such an 
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observation would support the supply-demand-single point 

representation of equilibrium, as commonly cited in traditional 

economic models. The hypothesis for the second test can now be 

specified. 

Test 2 There is a single sign reversal in the measure for 

the change in volume, accompanying the price changes from many 

different information events .. 

H1: There are two sign reversals in the measure for volume changes. 

Since these two sign reversal points indicate the two kinds of extreme 

RUI events, therefore, the price changes for events within this range 

should be accompanied by volume changes that fluctuate randomly around 

zero. This is because events within this range have been associated 

with excess demand that varies randomly around zero. 

DATA STRUCTURE 

There are two sets of data. The first set consists of price-volume 

figures· on a transaction by transaction basis. These data are 

obtained from the Institute for the Study of Security Markets (ISSM) 

tapes for the year 1984. The tapes record transaction time prices and 

volumes for 1499 firms that trade on the NYSE. Since these data are 

enormous (for the entire set there were 159 million records in 

internal memory format), a sample of 400 firms was ch~sen randomly for 

purposes of testing. The second set constitutes the information set. 

90 



The Dow Jones News Service tapes (The BroadTapes) were accessed to 

recover all the news releases associated with the sample firms. These 

tapes have the added advantage that each release is recorded to the 

minute of its arrival over the wire service. The WSJ news is a subset 

of this information so the BroadTapes are a very comprehensive source. 

For the 400 firms in my sample only 13 firms did not have any news 

releases recorded f.or the year. The rest of the 387 firms had a total 

of 8288 news releases. News releases wh'tch have economy or 

industry-wide implications are not time dated in the BroadTapes. 

Further. an occasional news release is not timed at all for no known 

reason and may even be a recording error. 89 news releases were not 

followed by any transactions. Note that such news releases imply zero 

information content by defini tion. 730 news releases had either 

events overlapping a six hour window around the release time or for 

which an initial price could not be ascertained, mainly because of 

thin trading in the securi ty. All these conditions led to data 

exclusion. After such exclusions. there were 385 firms which had a 

total of 6501 news releases. 

THE METHOD 

The transaction tape is merged with the information tape. The 

transactional activities of investors were observed in a three hour 
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time interval following the news arriva14. In a market microstructure 

study, Patell and Wolfson (1984) observed that price adjustments to 

dividend and earnings announcements were fairly rapid. The average 

time for a security's price to reflect new information was seen to tbe 

about 15 minutes. 

In another similar study of earnings announcements by Woodruff and 

Senchak (1988) it was seen that it took a security 3 hours to reflect 

about 90% of the information in its price. Karpoff [18] noted that 

markets are usually not so efficient that price changes reflect any 

4The news releases of each firm are first matched by the date of the 

release. Next, the time of the news release is identified on the 

transactions tape. Now the transactions immediately following the 

news release can be observed. The transactions preceding news 

releases are also obtained. These data are of use if I wish to test 

for news leakages. Since my hypotheses are based only on 

price-volume changes following news arrival, I leave out tests using 

these preceding transactions. For news releases that occurred towards 

or after the end of the trading day, the price-volume observations 

were carried over to the next day. Even though such late news 

releases contain implications for non-NYSE trading later in the day. 

accommodating the effects of such trading is beyond the scope of this 

study. 
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new information instantly. I argued earlier that the information 

reflection process is not instantaneous and more than a single price 

is required to reflect the information fully. This is because 

idiosyncratic differences among investors prevent identical investor 

PCE responses. Choosing too small a time interval may thus preclude 

the observation of the endogenously induced price adjustment process 

and so a three hour interval was chosen. 

The last transaction price in the three hours preceding the news 

release was considered the price, PM' at which the news arrived. In 

the theoretical development of the model the arrival price, PM' was 

somewhat rigidly defined as an equilibrium price. The data was 

screened to eliminate firm events that occured within a six-hour 

interval. Therefore, it can be assumed that the time preceding the 

information arrival was in the non-event time state. In this state, 

small price movements do occur from the activities of liquidity 

traders. On the other hand, non-event time and hence small PCEs of 

speculators do not translate into trading activity due to transaction 

costs. The large volume of data also implies that large sample 

properties can be used. All these arguments can be forwarded to 

Justify that the empirical arrival price, PM' can approximate an 

efficient estimator of the theoretical, equilibrium arrival price, PM' 
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The first absolute value price change (6P1) was calculated as 

~Pl = (the first changed price- PM) / PM 

Subsequent price changes were calculated as differences between two 

subsequently differing transaction prices divided by the preceding 

prices (~P2 ' ~P3 , .... ). For some news releases there were up to 100 

price changes in the following three hours of trading. It was noted 

that securities of large firms were the ones where many price changes 

occurred following news arrivals. Woodruff and Senchak [36] also 

observed this phenomenon. 

changes per firm. 

The average number was around 20 price 

If the first transaction following the news release was at a price 

different from PM' then the trading volume preceding the first price 

change (YOLO) was set at zero. If the transactions following the news 

release were conducted at the release price PM then YOLO was summed 

over these transactions till a transaction at a price different from 

PM was encountered. Once a price changed, the trading volume 

succeeding this price change (YOL1) was found by summing over all the 

transactions t111 the second price change was encountered. This 

succeeding volume for the first price change also served as the volume 

preceding (YOLO) the second price change, if there was any, and so on. 
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6501 news releases had at least one price change, 6211 had at least 

two price changes (i.e., 290 news releases had only one price change 

in the following three hours of trading) and so on. All the 6501 

first price changes were grouped together along with the volumes 

preceding and succeeding the changes, (6P 1)' the 6211 second price 

changes were categorized together in the same fashion, (6P 2)' etc. 

These price change categories will be referred to as either price 

categories or simply categories. There were 20 such price change 

categories which had enough observations necessary for meaningful 

tests. Since the data in 20 categories are considerable, data for 

only the first ten categories are presented. 

enough for empirical analyses. 

These data are also 

Each category was then sorted by the magnitude of the price change and 

subdivided lnto five price change size intervals, hereinafter referred 

as price intervals or intervals. The intervals were set such that they 

provided an adequate number (for testing purposes) of observations in 

each interval in all the 6P categories. Table 1 (on following page) 

shows the number of price change observations in each interval as 

percentages of the total in each category. 
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Table 1.--The frequency of observations for 5 absolute value price 
change intervals and the total number of observations in 10 price 
change categories. 

PRICE CHANGE INTERVALS 

0<AP<=.03 . 03<AP<. 06 .06<=AP<.10 . 10<=AP<. 15 . 15<AP TOTAL 

AP# (1) (2) (3) (4) (5) OSS. 

1 28.95% 23.73% 29.38% 10.41% 7.52% 6501 

2 36.34 25.79 26.57 8.02 3.28 6211 

3 36.61 26.39 26.51 7~27 3.22 5816 

4 38.02 26.87 25.19 7.18 2.74 5392 

5 40.20 26.62 23.59 6.70 2.89 4985 

6 41.56 26.99 23.08 5.91 2.45 4605 

7 41.67 27.51 22.81 6.17 1.84 4296 

8 42.57 27.30 22.51 5.77 1.85 4003 

9 43.19 28.07 21.96 5.01 1. 78 3716 

10 43.93 28.21 21.21 4.88 1. 77 3442 

Some interesting observations are evident from the table. First, most 

of the large price changes (intervals 4 and 5) occur within the first 



5 categories. For the tenth price change category (~P#10), intervals 4 

and 5 account for only 6.6Sre of all observations, down from 17.93re in 

the ~P# 1 category. Similarly, intervals 1 and 2 account for 52.68% 

of all observations in the ~# 1 category but this rises to 72.14% in 

the last category. As the information gets reflected in the price, 

more and more trades occur wi th minor price changes. I can also 

observe from the above table that it takes about 10 price changes for 

most of the information to be reflected in the price. It is also 

evident that prices do not change instantaneously to reflect 

information. Even after 5 price changes, more than are of all trades 

are in the two highest intervals. A word of caution is necessary 

though before any such generalizations can be made. 

An important consideration in the analysis is the spread of the 

bid-ask quotes of securi ties. In a study by Atkins and Tinie( 1988) , 

it is seen that the spreads on securities depend on the prices of the 

securities. The relation between spreads and prices is strictly 

inverse and spreads range between .14re and nearly 9% of a security's 

price. Therefore, simply trading a low priced security at its spread 

can result in a large change in price, which price change then may not 

reflect information based trading. These confounding problems are 

unavoidable in working with percentage price changes. 
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There are two reasons why the problem is left unsolved. First, such 

confounding will affect adjacent groups much more than separate groups 

since spreads do in general tend to be fairly low (see Atkins and 

Tlnic [2]). I can generalize my analysis to make observai:ions on 

pairs of adjacent intervals rather than single intervals. Thus 

inferences based on results for interval 1, ~P# 1, should be partially 

applicable to interval 2 as well. Second, an alternative to alleviate 

the problem arising from the spread phenomenon is to consider price 

changes in absolute dollar terms. This alternative, though, suffers 

from a severe limitation. For example, consider a $1. 00 change for 

two securities trading at $10 and $100 respectIvely. To consider the 

change as equal for both securities would make all analyses 

meaningless. I stay with relative price changes but draw inferences 

based on results for adjacent intervals. 
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TABLES • TESTS AND INFERENCES 

ABSOLUTE PRICE CHANGES. 

Each absolute price change category is represented by a single table 

and so I have 10 tables (table 1A •....• table lOA) where the "A" 

refers to absolute value price changes. Later. I conduct the same 

tests for relative (signed or price change per se) 6P categories and 

tabulate the results in table 1R •....• table lOR. Each table consists 

of six panels each. panels A •....• F. The following descriptions 

explains the panel contents. the tests conducted and the inferences 

that are to be made. Generalizations and specifics regarding tables 

or series of tables are included where they are most appropriate. The 

reader should note that the 20 tables (table 1A •.. 10A.1R •.. 10R) and 

the 60 panels (panel A •..• F) contain many results and much statistics. 

Therefore the examination of these tables may be tedious. Summaries 

of the results that are of special relevance to this dissertation will 

be used later for inferential purposes. 

PANEL A 

Thfs panel contains descriptive statistics. For each interval and in 

each category. averages are computed for both the preceding (VOLa) and 

succeeding (VaLl) volumes. The importance of panel A is that the VOLO 

and Vall data are used to derive the average changes in volume 

(DIFVOL) and the average total volume accompanying price changes. The 
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measures of DIFVOL and SUMVOL, which are the principal results, are 

shown in panel C. Therefore, the results from panel A are mainly for 

purposes of cross reference though VOLO and VOLl data may contain 

potentially important results for some other studies. Other statistics 

in panel A include the number of observations, N, per interval, the 

standard deviations(STD.DEV) of the average volumes, the standard 

errors of the means (S.E.MEAN) and the MIN and MAX. volumes in a 

single transaction for each interval. The number of observations in 

each interval varies. This variability may lead to inaccurate 

inferences; especially if the N for any interval 1s too small. I 

note that for absolute price changes, the minimum N is 61, which is 

large enough not to cause any serious problems. For relative price 

changes, the minimum N is 22. 

sufficiently large. 

PANEL B 

In all other intervals, N is 

Like panel A, panel B also mainly serves cross referencing the results 

in panels D. Panel B contains the results of two linear regressions. 

In each category, the dependent variable (DVAR) is either VOLO or VaLl 

and the independent variable (IVAR) is the absolute price change. The 

DVAR = f3 o 
regressions are of form + f3 1 . APRICE + E 

For each regression, other statistics provided are the standard error 

of estimate(S.E.E.), the degrees of freedom, the two-tailed T-ratios 
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for the estimated parameters. the regression coefficient of 

determination (R2) and the F-statistic. 

PANEL C 

This panel contains further descriptive statistics. These statistics 

describe the average change in volume, DIFVOL, (calculated as 

VOL1-VOLO) and the average total volume, SUMVOL, (VOL1+VOLO) in each 

interval. Other descriptive statistics are the same as in panel A. 

PANEL D 

As in panel 8 , this panel shows the results of linear regressions 

using DIFVOL and SUMVOL as the dependent variables. The results of the 

regression of DIFVOL can be directly used to test the null hypothesis 

in Test 1. The null hypothesis is rejected if small price changes are 

accompanied by small and negative volume changes (small negative 

intercepts) and large price changes with large positive volume changes 

(large slope coefficients). 

In the regressions of SUMVOL, non-linear regressions reduced the 

regression errors and increased the F-statistic, implying a better fit 

than a linear regression. 80th the regression results are tabulated 

in this panel. The regressions are specified as 

SUMVOL = ~o + ~1 . APRICE + ~2' APRICE2 
+ E 
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PANEL E 

Analysis of variance tests are conducted to determine if all the 

volume measures used in each category differ significantly between 

intervals of inequal sizes. Inferences are only meaningful if the 

differences are significant. The model used is specified as 

Yi = ~oxoi+ ~lxli + ....... + ~5X5i + £i 

where Yi is the response for the ith observation , ~l'" '~5 are 

unknown parameters to be estimated and xiJ are dummy variables for the 

interval volume (all measures) means. The parameters are estimated 

and compared to a model which presumes that a single mean fi ts all 

intervals. This test is conducted separately for VOLO , VOL I , SUMVOL 

and DIFVOL 

PANEL F 

In this panel, I tabulate results from Tukey's studentized range 

tests on all main effect means. This test ranks the means of volumes 

(all measures) by magnitude. Thus, if I am to reject the null 

hypothesis in Test 3, the SUMVOL for the smallest interval should be 

very highly ranked in all categories. This test can therefore be seen 

as a check for the results from the regressions of SUMVOL. Another 

result of this test is that it shows the intervals where there are 

significant volume (only VOLO and VOLl shown) differences. This test 

is a check on the results from the regression of DIFVOL. 
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RELATIVE PRICE CHANGES 

We repeat the same tests using relative (or signed) price changes 

rather than absolute price changes. These tests will allow us to 

observe the relationship between information and signed price-volume 

changes. In these tests, instead of 5 intervals for each category, we 

will now have 10 intervals per category. For example, Interval -2 

will now imply price changes between -.04 and < -.06, Interval -1 for 

price changes less than -.04 and <0, Interval 1 for price changes> 0 

but < +.04 etc. 

With signed price changes, the linear regressions in both panels Band 

Dimply misspecif1cation. If my analysis is correct then the 

regression path in the regression of DIFVOL over all the price 

intervals should be V-shaped. Since DIFVOL equals VOLl-VOLO, the 

regressions in panel B will also be affected. 

regressions are the specifications for these panels. 

PANEL C 

Thus non-linear 

The results in this panel are given special consideration due to their 

importance. It was argued (and tested) that for large price changes, 

volume changes are large and positive while volume changes are 

negative for small price changes. If this is true then the change in 

volume (DIFVOL) should show a sign reversal between the the largest 
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and the smallest intervals. The sign reversal point implies the 

equality of demand and supply and hence is an equilibrium or a 

threshold point. For signed price changes, it follows that there must 
1 2 . 

be two such (~ ,~ ) reversal points, in each category. These reversal 

points will demarcate RUI type events or an equilibrium range. In 

this range, the random disagreement among investors will cause volume 

change to randomly fluctuate around zero. Thus, within this range, 

DIFVOL will randomly revert signs, implying the equilibrating nature 

of events within this range. I can use the results from this panel to 

test the hypotheses of Test 2. 



RESULTS: SUMMARY 

The relationship between information and price-volume reactions is 

simplified for theoretical analysis by restricting investors to always 

have identical PCEs. The cost of such simplification can be expressed 

in terms of the inadequacy of models, derived from the analysis, to 

explain price-volume reactions in equity markets. On the other hand, 

models that allow investors to differ in their PCE responses are 

costly in terms of the complexity of the analysis, even though they 

may adequately explain the price-volume reactions. This dissertation 

contains an analysis of the latter type and hence, suffers for the 

sake of complexity. Unfortunately, so does the reader. The complex 

nature of the analysis implies not only a multitude of empirical tests 

but also voluminous test results. The following section contains a 

fairly elaborate interpretation of the results. It is possible that 

the reader may lose the thread of the analysis while pouring over the 

(60 pages of) test results. I have tried to simplify the data 

verification process by providing summaries (tables 2,3 and 4 and 

figures )of the results I consider as most relevant. Further, with 

the intent of helping the reader to overcome the complexity 

limitation, I have the following suggestion. While verifying the 

interpretations with the results, remember that I have rejected the 

null hypotheses of all the tests. Therefore, by my interpretation, 

the results of 1) test 1 should show the effects on prices and volume 
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of the varying degree of consensus in investor responses to different 

information types. Recalling the arguments used to explain the 

predicted effects (as well as figure 7, page 74) may also help, 2) 

test 2 is meant to show whether the unobserved information variable 

does have the construct, as described in chapter 3 and summarized in 

figure 3 and 8, which in turn contains implications about equilibrium 

price ranges, etc. 
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With this foreword the results can now be observed and inferences can 

be drawn. The resul ts for Test 1 can be observed in Table 3 which 

summarizes the measure of average DIFVOL (from panel C) for all the 10 

tables and in panel D in tables 1A to lOA, where the statistics for the 

regression (summarized in table 2) of DIFVOL on absolute price changes 

are shown. Figure 9 summarizes and shows the regression paths for the 

10 categoric regressions. In 8 of the 10 categoric regressions, the 

intercepts are negative but small and the slope coefficients are large 

and positive. A comparison of the empirically observed relation 

between absolute value price changes and volume changes (figure 9) with 

the theoretical relationship (figure 7c) shows striking similarities. 

The results lend strong support for the alternate hypothesis which 

states that the largest price changes are accompanied by large positive 

volume changes and the smallest price changes are accompanied by small 

negative volume changes. The alternate hypothesis rests on arguments 
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about the nature of information, its imperfections, the idiosyncratic 

PCE responses of investors, the various aggregate states of investor 

peE responses to different types of information and the trading 

behavior resulting from these responses. The empirical evidence 

suggests that these arguments are correct, which in turn suggests that 

the model developed in this dissertation is a valid representation of 

the relationship between information and price-volume reactions. Note 

that the intercepts in the first and third regressions are positive 

and small but the third regression shows a negative slope coefficient. 

Of especial significance are th~ trading volumes that follow the 

largest price changes. A magnitude consensus in investor PCE 

responses to CGI/CBI type information implies that the resulting price 

change will be followed by no trading whereas a directional consensus 

implies even feverish trading. The trading volumes succeeding (VOL1) 

the largest price changes can be observed in panel A, tables 

lA, ... ,lOA. The extremely large volumes (VOLl) , as seen for the 

largest price change intervals are eloquent proof of the directional 

nature of the consensus response. 
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Figure 9. the relationship between absolute value price changes and 
the accompanying volume changes are shown. The figures show the 
regression paths for the regressions (see table 2) for each of the 
price change categories. Figure 9a represents the regression in the 
~p #1 category. 9b the ~p #2 category. etc. 
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Table 2.--The regression statistics for the regressions in the 10 
price change categories. 

CATEGORY N IVAR PAR. EST S.E.E. T R2 F 

1 6500 INTRCPT 230 524 0.44 .1021 738a 

APRICE 763823 28103 27.17a 

2 6210 INTRCPT -10759 871 12.35a 
.0105 65.6a 

APRICE 968089 119490 8.10a 

3 5815 INTRCPT 1207 592 2.04b 
.0009 5.4b 

APR ICE -193181 83063 -2.33b 

4 5391 INTRCPT -2278 592 -3.85a 
.0030 16.2 a 

APR ICE 344340 86043 4.00a 

5 4984 INTRCPT -257 581 -0.44 .0006 2.8 
APRICE 147245 87495 1.68 

6 4604 INTRCPT -1792 618 -2.90b 
.0016 7.6a 

APRICE 264213 95889 2.76a 

7 4295 INTRCPT -971 637 -1.52 .0012 5.2b 

APRICE 229263 100857 2.27° 

8 4002 INTRCPT -1318 607 -2.17b 
.0014 5.6b 

APRICE 230280 . 97613 2.36b 

9 3715 INTRCPT -1500 798 -1.88b 
.0019 7.1a 

APR ICE 354430 132573 2.67a 

10 3441 INTRCPT -2398 830 -2.89a 
.0018 6.3b 

APR ICE 339455 135496 2.51b 
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Table 3.--Summaries of the average volume changes (DIFVOL) accompanying 
the absolute value price changes in each of the 10 price change 
categories, over the 5 price intervals. 

PRICE 
CATEGORY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ABSOLUTE VALUE PRICE CHANGE INTERVALS 
(1) (2) (3) (4) (5) 

0<~P<=.03 .03<~<.06 .06<=~<.10 .10<~~P<.15 .15<~P 

3290 3729 2865 7623 38875 

-7458 -5477 -3610 -1998 8548 

307 47 -198 1373 -3155 

-1127 -81 -116 124 6000 

667 359 42 2095 1751 

-1120 -932 834 2308 1023 

-291 624 -628 4180 4626 

315 -986 -353 -243 6516 

-733 647 979 ·1717 8760 

-677 -1882 -516 2699 8488 
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Table 4.--Summaries of the average volume changes (DIFVOL) accompanying 
the signed price changes in each of the 10 price change categories. 
The price intervals are the same as before and intervals -5, .. ,+5 
represents the largest negative through the largest positive price 
intervals. 

SIGNED PRICE CHANGE INTERVALS 
PRICE 

CATEGORY (-5) (-4) (-3) (-2) (-1) (1) (2) (3) (4) (5) 

1 453 84 35 43 29 36 32 22 70 318 

2 60 -3 -46 -49 -78 -71 -61 -25 -38 110 

3 -75 32 -7 -7 4 2 2 4 -3 13 

·4 39 -24 -4 -5 -16 -6 3 1 23 81 

5 -12 -18 -8 7 7 7 0 8 58 55 

6 -20 47 8 -13 -20 -1 -6 9 -2 38 

7 -25 48 2 9 5 -6 4 -14 35 170 

8 -16 11 -19 -16 2 4 -4 11 -15 127 

9 89 -4 2 16 -5 -10 -4 17 35 85 

10 111 9 -10 -31 -18 4 -7 0 43 61 



The results for the second test can be seen in panel C. tables 

1R •.•.• 10R or in summary in table 4. In all categories. large volumes 

changes (DIFVOL) in the largest price intervals quickly falloff for 

smaller price intervals. There are at least 17 sign reversals in 9 of 

the 10 categories. In the first category. though. there are no sign 

reversals. DIFVOL is large for the two largest price intervals but 

quickly falls off for the smaller price intervals. In the fifth 

category. volume change exhibits one sign reversal in the negative 

intervals while for the positive intervals. DIFVOL falls off to zero. 

In all categories. once the DIFVOL sign changes or quickly falls off. 

then DIFVOL randomly fluctuates around zero. The evidence is 

extremely strong that the null hypothesis should be rejected. The 

acceptance of the alternate hypothesis. 1. e.. there are two sign 

reversals in DIFVOL in each price category also implies that my 

arguments about imperfect or unclear information. about the existence 

of an equilibrium range. about the randomness of investor expectations 

for RUI type events. etc. are Justified. If the results from the 

first test suggested the validity of my model. then the results from 

the second test can be seen as strong support for the model's validity 

and the arguments that frame it. It is important that the economic 

phenomena described by the mathematical model is a proper 

representation of the phenomena. When this is so. the predictions of 

the model are valuable. 
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In the following and final chapter of this dissertation. further tests 

of the relationship between information and price-volume reactions are 

conducted. These tests concern the methodology problem in event 

studies and also serve to further validate my model and its 

arguments. Aside from these tests and results. there are four other 

observations that deserve special mention. The first observation 

concerns the process by which information is reflected in a security's 

price. In table 1. I had noted the phenomenon that with successive 
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price change categories. more and more trades occurred with minor 

price changes. I had attributed this evolution to the information 

reflection process. If my attribution was correct then I should be 

able to observe the same phenomenon in tables lA.IR •........• 10A.10R 

(or table 4) for price changes and volume changes. The reflection 

process implies a weakening of the relationship between aggregate 

investor price change expectations and price-volume reactions. This 

in turn implies that with successive categories. the magnitude of the 

regression slope coefficients (of the regressions of both DIFVOL and 

SUMVOL on price. as shown in panel C) should decrease or that the 

regression paths should flatten out. Similarly. in panel E. earlier 

categories should show stronger differences in means between intervals 

than in latter categories. for all measures of volume. These 

predictions are found to be correct and can be observed in the 

respective panels and in figure 9. The information reflection process 



is clearly not instantaneous. 

The second observation deals with the issue of the dominance of volume 

on upticks over downticks. The popular argument has been the the 

costly short sales explanation. The implication is that investors 

must expect prices to decrease by an amount greater than the sum of 

short sales and transaction costs before they sell short whereas 

investors must expect prices to increase by an amount greater than 

transaction costs only before they buy. Volume on downticks should 

therefore be less than for upticks. SUMVOL figures from panel C, 

tables lR to lOR, summarized in table 6, show that for small price 

decreases volumes are in general greater than for small price 

increases. For large price changes, volume is marginally greater on 

upticks. Of course it must be remembered that this analysis only 

concerns volume following the arrival of specific information. The 

popular result may still hold when all transactions are considered. 

Also note that total volume (SUMVOL) is largest for the largest 

absolute value price changes, a result that is consistent with the 

findings of previous empirical studies. 

The third observation also can be viewed in panel C for tables lR to 

lOR (table 3). It Is observed that large price changes accompany 

large positive volume changes more generally for upticks than 
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downticks. Moreover, from panel A ln the same tables it can be seen 

that the asymmetry is being caused mainly by the volume preceding 

(VOLO) the price changes. VOLO preceding price decreases are 

significantly greater than for price increases. This asymmetry is the 

reason why one of the regressions in Test 1 had a negative slope 

coefficient. For the time being, the last two observations are noted 

but left unexplained. 

Finally, note that the estimation of the parameters ~1, ~2, N, k and 
s 

f(~) can be achieved without too much difficulty. The two sign 

reversal points for DIFVOL are also the two threshold points which can 

be used to estimate ~1 and ~2 . The fluctuations in DIFVOL over 

different price intervals can be used to estimate the parameter k s 

while the fluctuations in SUMVOL within the (~1, ~2) 'RUI sub-range can 

be used to estimate f(~). N, the number of shares of a firm generally 

traded for speculative purposes can be estimated from the volume of 

trading that follows the arrival of all types of information. 
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CONCLUSIONS 

The results quite conclusively show that a volume reaction precedes a 

price reaction and predicts its magnitude. Before large price 

increases, trading volume falls off but before small pr.1ce increases, 

volume rises. This conclusion implies that trading volume may be of 

some use in security investment decisions. Conclusions about the 

generality of unclear information also seem well founded. RUI type 

information causes investors to disagree in their PCE responses, 

whereas CGI/CBI type of information leads to· directional consensus 

responses. These two information types lead to distinctly different 

price-volume reaction patterns. The empirical evidence supports both 

the existence of RUI type information and the idil)syncratic nature of 

investor PCE responses. A related observation concerns the 

traditional single-point representation of an equilibrium price. The 

implication of imperfect (or unclear) information is an equilibrium 

range of prices. Some arguments were made in the empirical section as 

to how the empirical arrival price could serve to approximate the 

theoretical, equilibrium arrival price. These arguments alongwith the 

observed information reflection process implies that a security's 

price does attain its equili~rium state within this range. I conclude 

that future stUdies on information effects can be meaningful only when 

they consider information imperfections. As I have shown in this 

dissertation, the clari ty of information is a significant factor in 



117 

information effects. Exploring the issues of information related 

volumes on up or downticks as well as the behavior of investors 

preceding price decreases. should also lead to the better understanding 

of the complex relationship between information and price-volume 

reactions. Improvements in the test designs should also follow. These 

ideas are left for future research. 



CHAPTER 6 

EVENT STUDIES 

METHODOLOGY PROBLEMS AND SOLUTIONS 

News releases that motivate speculative investors to trade in a 

security can be said to contain information. Such trading must result 

in price and/or volume reactions. A test designed to detect the 

informativeness of a news event can therefore be based on either or 

both of the reactions. In this chapter I propose to show that a 

volume-based test is the appropriate choice. I will also show that 

the present technique of using price reactions to gauge the 

informativeness of news events is misspecified. 

I have shown that news releases that contained clearly good or bad 

information resulted in large price changes. A test of the 

informativeness of news events that is based on the magnitude of price 

change in these cases will be sufficient to infer that such news 

releases contain information. In my . study I have seen that there 

are other types of news releases that also contain information. Such 

news releases were termed as RUI events. These events resulted in 

increased trading activity and small price changes. The small price 

changes were due to the disagreement among investors about the 

expected direction and amount of the price changes. For such 
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information events, a price reaction magnitude test will lead to an 

inference that such news events contain no information. The inference 

will be faulty. The methodology of event studies uses a magnitude of 

price reaction test to measure the informativeness of a news event. 

Hence, this method is misspecified. 

The basic logic of event studies is correct. A statistically sharp 

market price reaction to the arrival of news does signify information 

content in the news release. However, I suggest that the reaction 

should be observed in volume rather than price. I argue tha t if a 

news release contains information, then a sharp volume reaction must 

always occur, irrespective of whether or not a price reaction occurs. 

I have observed that when news releases contain clearly good or bad 

information then the large price changes are accompanied by very large 

trading volumes. If the volume from CGI or CBI type of news events 

are compared to some measure of average volume, then a very sharp 

increase in volume should be observable. When the news specifies an 

RUI type event, the resulting small price change is also accompanied 

by increased trading activity. Figure 7a and 7b graphically depicted 

this relationship. Compared to an average, this increase in trading 

should also provide for a sharp volume reaction. No matter what the 

news release, or no matter how much in consensus investor PCE 

119 



responses are, if the news contains information, then a volume 

reaction must occur. Then I can say that a volume reaction is both a 

necessary and sufficient condi tion for a news release to contain 

information while a price reaction is only a sufficient condition. 

What if a news release does not contain information? For a volume 

based test to be robust, it must be able to reject the informativeness 

of such news. If the expectations of investors remain unchanged with 

the arrival of news, then their trading behavior too will remain 

unchanged. Volume reactions will then not occur. A test of volume 

changes will then specify such news releases as containing no 

information. I can conclude from a theoretical standpoint that a 

volume-based test of the -informativeness of news events is then well 

specified Figure 10 shows the expected price and volume changes 

following the announcement of news that contains no information. 
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Figure 10. The figure shows that the announcement of news containing 
no information is followed by insignificant price and volume changes. 

The data used in the previous tests are used to test empirically the 

validity of a volume reaction test. Information was defined as being 

contained only in those news announcements that caused investors to 

desire revisions in their security holdings. Event studies contend 

that a news event contains information only if the event leads to a 

statistically significant price reaction. According to this study, 

large price reactions occur with investor consensus while small price 

changes result from investor disagreement. Both lead to substantial 

trading. The event study method of a price reaction test implies that 

for RUI events, a large number of investors trade for reasons other 

than information reasons. In this analysis, when news leads to both a 
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lack in trading and a small price change, then truly is news void of 

any information content. If a volume reaction test of the 

informativeness of a news event is properly specified, then the 

volumes associated with the smallest price changes should be less than 

only those accompanying the largest price changes. The relatively 

large trading that accompanies the smallest price changes, somewhat 

dulled by the extremely heavy trading that follows the largest price 

changes, should still lead to observably distinguishable effects. 

Figure 11 shows the expected relationship between the absolute value 

of price changes and total volume accompanying the price changes. 

Total Volume 

o I.6P I 

Figure 11. The expected relationship between total volume and absolute 
value price changes. N,.)te that total volume for the smallest price 
changes are expected to be only less than those accompanying the 
largest price changes. 
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A null hypothesis can then be specified for this test as follows. 

HO: The total volume decreases monotonically as the magnitude of 

absolute price change decreases . 

H1: The smallest price changes should be accompanied by total volumes 

that are greater than volumes for all price changes excepting the 

largest price changes. Since the volumes for the largest price 

changes are predicted to be exceedingly large, the total volume over 

all price changes is expected to be slightly concave upwards. 

The method to test the null hypothesis is along the lines used in 

earlier tests. The total volume (SUMVOL) is calculated as the sum of 

VOL1 and VOLO for each individual price change and then averaged for 

all intervals and categories, as shown in panel C of tables lA, 

1R, ............. 10A. lOR and summarized in table 7. For each 

category, a non-linear regression was seen to best fit .the data , and 

which is of form 

SUMVOL = a + b IAPI + b2 IAp21 + e 

For Test 3, the null hypotheses can be rejected if unpronounced 

U-shapes are observed in all categories. unpronounced because of the 

dominant volumes following large price changes. The regression results 

are shown in panel D (summarized in table 5) in all the endtables. 

The regression paths for the non-linear analysis are shown in Figures 

12a to 12j. To ensure inferential validity. Tukey's studentized range 

tests on all main effect Sumvol means were also conducted. These 
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tests rank SUMVOL means and show significant differences in the means 

across intervals. These results are shown in panels E and F of all the 

tables. 

The results from the third test are shown in Figures 12a to 12J and in 

the table 3 and in the panels·C. D. E and F of the endtables. These 

results show that volume for the smallest price change interval(s) 

is(are) generally larger than volumes for all other intervals except 

the largest interval(s). A comparison of the theoretically derived 

expected relationship (figure 11) and the empirical relationship 

(figure 12) is striking. The 10 categoric regressions all have 

regression paths that are very similar to the expected shape. These 

results strongly suggest the informativeness of news releases that 

produce small price changes. Therefore. the inappropriateness of 

price reaction information tests can also be inferred. Results from 

the Tukey tests (panels E and F. tables lA •.... 10R) reinforce the 

inferential validity of the regression results. 
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Figure 12. The non-linear regression paths of the regressions of 
SUMVOL on absolute value price changes in each of the 10 ~p categories 
are shown. Note the striking similarities if shape between figures 12 
and figure 11 which shows the expected regression path. 
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Table 5.--Nonlinear regression statistics of the 10 categoric 
regressions of SUMVOL on APRlCE. 

CATEGORY OF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT 12998 476 27.27a 

1 6498 RPRICE2 -535133 31382 -17.05 .0580 199.9a 

RPRICE 1190949 64706 18.41a 

INTRCPT 14624 571 25.58a 

4.24b 2 6208 RPRI~ 63616 72608 0.88 .0014 
RPRIC 11263234 4072486 2.77a 

INTRCPT 9738 376 25.83a 

3 5813 RPRICZ -42321 50493 -0.84 .0047 13.8a 

RPRlCE 12678124 2569865 4.93a 

INTRCPT 9662 434 22.23a 

4 5389 RPRICZ -61864 58088 -1.06 .0018 4.8a 

RPRICE 10400374 3642384 2.86a 

INTRCPT 9051 372 24.30a 

5 4982 RPRICZ 77141 48118 1.60 .0062 15.5a 

RPRICE 23577404 4352419 5.42a 

INTRCPT 9563 420 22.74a 

6 4602 RPRICZ -11321 57050 -0.20 .0040 9.2a 

RPRICE 21136643 4939069 4.28a 

INTRCPT 8828 391 22.53a 

7 4293 RPRICZ 30977 55143 0.56 .0161 35.1a 

RPRICE 37812167 4515212 8.37a 

INTRCPT 9624 376 25.56a 

8 4000 RPRICZ -15822 53363 -0.30 .0072 14.6 
RPRICE 24813604 4603415 5.39a 

INTRCPT 10710 523 20.45a 

9 3713 RPRICZ -82645 74043 -1.12 .0004 0.8 
RPRICE 3859808 7677874 0.50 

INTRCPT 10381 518 20.02a 

10 3439 RPRI~ -77567 76399 -1.02 .0003 0.6 
RPRICE 2406462 5921018 0.41 
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Table 6.--The average volume sums (SUMVOL) accompanying the absolute 
value price changes in the 10 price change categories following the 
arrival of information. 

ABSOLUTE VALUE PRICE CHANGE INTERVALS 
PRICE (1) (2) (3) (4) (5) 

CATEGORY 0<l1P<=.03 .03<l1P<.06 .06<=l1P<.10 . 10<=l1P<. 15 . 15<l1P 

1 11510 9761 11653 11685 40400 

2 17666 13708 14762 10108 15980 

3 10977 9055 10409 8852 17729 

4 10655 9717 8930 13541 9957 

5 10774 9229 8752 10794 17922 

6 10982 9821 9773 9452 16794 

7 10374 9876 9928 11251 18383 

8 10440 11210 10150 8136 17516 

9 10891 11541 9915 7264 21145 

10 10305 10926 10641 7620 12940 
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Table 7.--The average volume sume for the signed price intervals in 
the 10 categories. 

II SIGNED PRICE CHANGE INTERVALS 
PRICE 

CATEGORY (-5) (-4) (-3) (-2) (-1) (1 ) (2) (3) (4) (5) 

1 469 114 123 107 116 115 89 110 119 333 

2 146 96 143 130 183 170 144 152 107 173 

3 162 113 116 98 114 106 83 5 7 194 

4 73 160 91 102 119 94 92 88 113 126 

5 110 114 81 105 106 109 79 93 102 268 

6 171 92 101 102 115 105 95 95 98 165 

7 163 112 88 98 106 101 99 110 113 220 

8 176 68 94 125 108 100 100 109 95 175 

9 257 65 95 130 105 113 100 103 79 121 

10 178 57 118 122 104 102 97 ~5 93 85 

From the above tests I cannot be absolutely certain that a test of 

the significance of the informativeness of a news release is better 

measured by a volume reaction and not a price reaction. However, the 

results are fairly conclusive about the inappropriateness of a price 

reaction test. The results suggest that a volume reaction test is 

better specified. More tests are required before a volume based 

method can be developed. These ideas are left for future research. 



Tables lA, .... ,lOA 

YOLO, VOLl: 

N: 
T, a, b: 

DVAR, IvAR: 

DIFVOL, SUMVOi.: 

APRICE: 
INTRCPT: 

SUMMARY OF NOTATIONS 

Tables lA, .. " .. ,lOA 

The "A" represents absolute 
Table 1 reports statistics 
price change, Table 2 the 
etc. 
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value price changes. 
concerning the first 
second price change, 

The total The summation of volume 
succeeding 

over 
the transactions preceding and 

transaction at a changed price 

The number of observations 

The scores from two-tailed T-tests, 997. and 957. 
significance levels, respectively 

The dependent and independent variables, 
respecti vely. 

VOLl-VOLO and VOLl+VOLO, respectively. 

Absolute value price changes. 
Intercept. 
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TABLE lA 
CHANGE IN PRICE : NO.1 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. MIN MAX S.E.MEAN 

1 
VOLO 

1882 
4110 14662 0 284600 338 

VOLl 7400 25387 100 686000 585 

2 
VOLO 

1543 
3016 10120 0 124400 258 

VOLl 6746 16083 0 269300 409 

3 
VOLO 

1910 
.4394 25297 0 689300 579 

VOLl 7259 19228 100 334200 439 

4' VOLO 
677 

2031 12273 0 246900 472 
VOLl 9655 24445 100 245300 939 

5 
VOLO 

489 771 3339 0 35900 151 
VOLl 39629 103608 100 1101000 4685 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR.EST S.E.E. T 
~"'·2 

R F 

VOLO 6500 
INTRCPT 3682 235 15.66

a 
.0007 4.5

a 

APRICE -26797 12611 -2.13
b 

VOLl 6500 INTRCPT 3912 465 8.4
a 

.1183 871
a 

APR ICE 737026 24963 29.5
a 
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TABLE lA (CONTD.J 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

1 
mFVOL 

1882 
3290 679 4.84

a 

SUMVOL 11510 672 17.12
a 

2 
mFVOL 

1543 3729 478 7.81
a 

SUMVOL 9761 490 19.9j 

3 
mFVOL 

1910 
2865 740 3.87

a 

SUMVOL 11653 714 16.32
a 

4 
mFVOL 

677 
7623 1039 7.34

a 

SUMVOL 11685 1063 1O.99
a 

5 
DIFVOL 

489 
38857 4694 8.28

a 

SUMVOL 40400 4680 8.63
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 6500 
INTRCPT 230 524 0.44 

.1021 738
a 

APR ICE 763823 28103 27.17
a 

SUMVOL 6500 
INTRCPT 7595 518 14.64

a 
.0911 651

a 

APRICE 710229 27833 25.52
a 

INTRCPT 1168 589 1.98b 

SUMVOL 6500 APRICE 1189858 50051 31. 76
a 

.1481 564
a 

APRICE2 -1940095 93026 -20.96
a 
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TABLE lA (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F 

VOLO 6500 7681 6.6
a 

VOLl 6500 472648 96.4a 

DIFVOL 6500 569243 93.2a 

SUMVOL 6500 391417 65.0
a 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 3 > > 2 > 4 > 5 

VOLl 5 > 4 > > 3 > 2 

DIFVOL 5 > 4 > 2 > 

SUMVOL 5 > 4 > 3 > 

GROUP SIGNIFICANCES 

VOLO 

(5 • l)a 

(5 • 3)a 

(4 • 3)b 

> 3 

> 2 

VOLl 

(5 • l)a 

(5 • 2)a 

(5 • 3)a 

(5 • 4)a 
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TABLE 2A 
CHANGE IN PRICE : NO.2 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. MIN MAX S.E.MEAN 

1 
VOLO 

2257 
12562 48379 100 1101000 1018 

VOLl 5103 13228 100 178200 278 

2 
VOLO 

1602 
9592 23654 100 430000 591 

VOLl 4115 11520 100 273300 288 

3 
VOLO 

1650 
9186 32834 100 612000 808 

VOLl 5576 18769 100 425100 462 

4 
VOLO 

498 
6053 24356 100 475000 1091 

VOLl 4055 15137 100 196200 678 

5 
VOLO 

204 
3716 7157 100 50000 501 

VOLl 12264 54286 100 548000 3801 

PANEL B (REGRESSION ANALYSIS:IND.VAR-AESOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T ' R2 F 

VOLO 6210 
INTRCPT 13136 812 16.17

a 
.0034 20.9

a 

APRICE -509089 111433 -4.57
a 

VOLl 6210 
INTRCPT 2376 388 6.12

a 
.0118 74.1

a 

APRICE 458999 53302 8.61
a 
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TABLE 2A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
2257 

-7458 1029 _7.25a 

SUMVOL 17666 1082 16.33
a 

2 
DIFVOL 1602 

-5477 624 -8.78a 

SUMVOL 13708 689 19.88
a 

3 
DIFVOL 

1650 
-3610 905 -3.99a 

SUMVOL 14762 956 15.43
a 

4 
DIFVOL 

498 
-1998 1176 -1.70 

SUMVOL 10108 1385 7.30a 

5 
DIFVOL 

204 
8548 3749 2.2S

b 

SUMVOL 15980 3916 4.08
a 

PANEL D (REGRESSION ANALYSIS: IND. VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 6210 INTRCPT -10759 871 12.35a 
.0105 65.6a 

APRICE 968089 119490 8.lO
a 

SUMVOL 6210 
INTRCPT 15512 929 16.70

a 
.0000 0.2 

APRICE -50089 127434 -0.39 

INTRCPT 20208 1225 16.48a 

SUMVOL 6210 APRICE -1229437 238398 -5.16a .0055 17.2
a 

APRICE
2 

44569699 7622390 5.85a 
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TABLE 2A (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S.(millions) F 

VOLO 6210 319423 6.0a 

VOLl 6210 12938 1O.6a 

DIFVOL 6210 59116 9.6a 

SUMVOL 6210 30645 4.4a 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 1 > 2 > 3 > 4 > 5 

VOLl 5 > 3 > > 2 > 4 

DIFVOL 5 > 4 > 3 > 2 > 

SUMVOL > 5 > 3 > 2 > 4 

GROUP SIGNIFICANCES 

VOLO 

(l • 5)a 

(l • 4)a 

(l • 3)b 

VOLl 

(5 • l)a 

(5 • 2)a 

(5 • 3)a 

(5 • 4)a 
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TABLE 3A 
CHANGE IN PRICE : NO.3 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. MIN MAX S.E.MEAN 

VOLO 
2129 

5334 13539 100 178200 293 
VOLl 5642 22675 100 651000 491 

2 
VOLO 

153 
4504 13094 100 273300 334 

VOLl 4551 12474 100 325200 318 

3 
YOLO 

1542 
5303 18692 100 425100 476 

VOLl 5105 17760 100 275400 452 

4 
VOLO 

423 
3739 14643 100 196200 712 

VOLl 5113 20185 100 320800 981 

5 
YOLO 

187 
10442 55032 100 548000 4024 

VOLl 7287 30217 100 350000 2210 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR.EST S.E.E. T R2 F 

VOLO 5815 
INTRCPT 3565 413 8.62

a 
.0037 21.7

a 

APRICE 270304 58038 4.66
a 

VOLl 5815 
INTRCPT 4772 448 1O.66

a 
.0003 0.2 

APR ICE 77122 62822 1.23 
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TABLE 3A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
2129 

307 550 0.56 
SUMVOL 10977 593 18.51a 

2 
DIFVOL 

1535 
47 451 0.10 

SUMVOL 9055 471 19.22
a 

3 
DIFVOL 

1542 
-198 648 -0.31 

SUMVOL 10409 665 15.65
a 

4 
DIFVOL 

423 
1373 1038 1.32 

SUMVOL 8852 1364 6.49
a 

5 
DIFVOL 

187 
-3155 4594 -0.69 

SUMVOL 17729 4587 3.87
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 5815 
INTRCPT 1207 592 2.04

b 
.0009 5.4

b 

APRICE -193181 83063 -2.33
b 

SUMVOL 5815 
INTRCPT 8338 627 13.31

a 
.0027 15.6

a 

APRICE 347427 87925 3.95
a 

INTRCPT 9870 775 12.73a 

SUMVOL 5815 APRICE -32422 143345 -0.23 .0046 13.4
a 

APRICE
2 13816204 4120051 3.35

a 
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TABLE 3A (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F 

VOLO 5815 6828 

VOLl 5815 1889 1.27 

DIFVOL 5815 2895 1.11 

SUMVOL 5815 14540 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 5 > > 3 > 2 > 4 

VOLl 5 > > 4 > 3 > 2 

DIFVOL 4 > 1 > 2 > 3 > 5 

SUMVOL 5 > > 3 > 2 > 4 

GROUP SIGNIFICANCES 

VOLO VOLl 

(5 • l)a 

(5 • 2)Cl 

(5 • 3)a 

(5 • 4)a 
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TABLE 4A 
CHANGE IN PRICE : NO.4 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. MIN MAX S.E.MEAN 

1 
VOLO 

2050 
5891 20807 100 651000 460 

VOLl 4763 12728 100 350000 2210 

2 
VOLI) 

1449 
4899 13553 100 325200 356 

VOLl 4817 23123 100 783000 607 

3 
VOLO 

1358 
4523 16281 100 275400 442 

VOLl 4407 12883 100 250000 350 

4 
VOLO 

387 
6709 35418 100 550000 1800 

VOLl 6832 34764 100 550000 1767 

5 
VOLO 

148 
1978 3721 100 25700 306 

VOLl 7979 23722 100 185500 1950 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

VOLO 5391 
INTRCPT 5790 474 12.23

a 
.0004 2.0 

APRICE -97549 68830 -1.42 

VOLl 5391 
INTRCPT 3511 459 7.65

a 
.0025 13.7

a 

APR ICE 246791 66676 3.70
a 
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TABLE 4A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

1 
DIFVOL 

2050 
-1127 534 _2.llb 

SUMVOL 10655 542 19.62
a 

2 
DIFVOL 

1449 
-81 700 -0.12 

SUMVOL 9717 707 13.73
a 

3 
DIFVOL 

1358 
-116 544 -0.21 

SUMVOL 8930 581 15.35
a 

4' 
DIFVOL 

387 
124 1350 0.09 

SUMVOL 13541 3302 4.1O
a 

5 DIFVOL 
148 

6000 1962 3.06
a 

SUMVOL 9957 1985 5.02
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

SUMVOL 5391 
INTRCPT -2278 592 -3.85a 

.0030 16.2
a 

APRICE 344340 86043 4.00a 

SUMVOL 5391 INTRCPT 9302 721 12.91
a 

.0004 2.0 
APRICE 149241 104705 1.43 

INTRCPT 10997 909 12.lO
a 

SUMVOL 5391 APRICZ -306656 182231 -1.68 .0021 5.7 
APRICE 19349402 6332597 3.06

a 
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TABLE' 4A (CONTD.) 

PANELE (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F 

VOLO 5391 4143 2.gb 

VOLl 5391 3222 2.3 

DIFVOL 5391 7463 3.2
b 

SUMVOL 5391 7270 2.1 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 4 > > 2 > 3 > 5 

VOLl 5>4>2>1>3 

DIFVOL 5 > 4 > 2 > 3 > 1 

SUMVOL 4 > > 5 > 2 > 3 

GROUP SIGNIFICANCES 

VOLO VOLl 
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TABLE SA 
CHANGE IN PRICE : NO.5 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. MIN MAX S.E.MEAN 

VOLO 
2004 

5053 13288 100 263900 297 
VOLl 5720 16225 100 301800 362 

2 
VOLO 

1327 
4434 11388 100 130000 313 

VOLl 4794 13455 100 218300 369 

3 
VOLO 

1176 
4354 13126 100 250000 382 

VOLl 4397 12065 100 201200 352 

4 
VOLO 

334 
4349 20201 100 247900 1105 

VOLl 6445 24242 100 294400 1326 

5 
VOLO 

144 
8085 47349 100 550000 3946 

VOLl 9837 35301 100 362000 2942 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

VOLO 4984 
INTRCPT 4475 403 11.09

a 
.0001 0.7 

APRICE 51664 60748 0.85 

VOLl 4984 
INTRCPT 4218 425 9.93

a 
.0019 9.7

a 

APRICE 198909 63947 3.ll
a 
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TABLE SA (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
2004 

667 465 1.43 
SUMVOL 10774 471 22.87

a 

2 
DIFVOL 

1327 
359 482 0.75 

SUMVOL 9229 485 19.00
a 

3 
DIFVOL 

1176 
42 512 0.08 

SUMVOL 8752 526 16.61
a 

4 
DIFVOL 

334 
2095 1722 1.22 

SUMVOL 10794 1730 6.24
a 

5 
DIFVOL 

144 
1751 4869 0.36 

SUMVOL 17922 4973 3.60
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 4984 
INTRCPT -257 581 -0.44 

.0006 2.8 
APR ICE 147245 87495 1.68 

SUMVOL 4984 
INTRCPT 8694 591 14.72

a 
.0016 7.9

b 

APRICE 250574 88902 2.82
b 

INTRCPT 13781 518 15.02
a 

SUMVOL 4984 APRICE -1314795 234200 -5.61
a

.01l9 30.1
a 

APRICE
2 

82811969 
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TABLE SA (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F 

VOLO 4984 2154 2.3 

VOLl 4984 5049 

DIFVOL 4984 1383 0.6 

SUMVOL 4984 13025 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 5 > > 2 > 3 > 4 

VOLl 5 > 4 > > 2 > 3 

DIFVOL 4 > 5 > 1 > 2 > 3 

SUMVOL 5>4>1>2>3 

GROUP SIGNIFICANCES 

VOLO VOLl 

(5 , 2)a 

(5 , 3)a 

(5 , l)b 
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TABLE 6A 
CHANGE IN PRICE : NO.6 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. MIN MAX S.E.MEAN 

1 
VOLO 

1914 
6051 17686 100 301800 404 

VaLl 4931 12058 100 250000 276 

2 
VOLO 

1243 
5377 13930 100 218300 395 

VaLl 4445 11421 100 236000 324 

3 
VOLO 

1063 
4469 12687 100 201200 389 

VaLl 5304 25150 100 589100 771 

4 
VOLO 

272 
3572 13326 100 17"7800 808 

VaLl 5880 21566 100 274900 1308 

5 
VOLO 

113 
7886 43738 100 362000 4114 

Vall 8908 32729 100 301200 3079 

PANEL B (REGRESSION ANALYSIS:IND.VAR-A8S0LUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

VOLO 4604 
INTRCPT 5564 451 12.34

a 
.0000 0.2 

APRICE -29751 69881 -0.43 

VOLl 4604 
INTRCPT 3771 465 8.ll

a 
.0023 1O.6

a 

APR ICE 234462 72068 3.25
a 
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TABLE 6A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

1 
DIFVOL 

1914 
-1120 484 -2.31

b 

SUMVOL 10982 493 22.25
a 

2 
DIFVOL 

1243 
-932 506 -1.84 

SUMVOL 9821 515 19.06
a 

3 
DIFVOL 

1063 834 846 0.99 
SUMVOL 9773 881 11.09

a 

4 
DIFVOL 

272 
2308 1528 1.51 

SUMVOL 9452 1545 6.11
a 

5 
DIFVOL 

113 
1023 3603 0.28 

SUMVOL 16794 6311 2.66
a 

PANEL D (REGRESSION ANALYSIS: IND. VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 4604 
INTRCPT -1792 618 -2.90

b 
.0016 7.6

a 

APRICE 264213 95889 2.76
a 

SUMVOL 4604 
INTRCPT 9334 675 13.82

a 
.0008 3.8

b 

APRICE 204710 104688 1.96b 

INTRCPT 13956 1013 13.77
a 

SUMVOL 4604 APR ICE -1212327 254750 -4.76
a 

.0088 20.5
a 

APRICE
2 

73195096 12005806 6.lD
a 
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TABLE 6A (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S.(millions) F 

VOLO 4604 3340 3.0b 

VOLl 4604 2421 2.1 

DIFVOL 4604 5183 2.5
b 

SUMVOL 4604 6339 2.6b 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 5 > > 2 > 3 > 4 

VOLl 5 > 4 > 3 > > 2 

DIFVOL 4 > 5 > 3 > 2 > 1 

SUMVOL 5 > > 2 > 3 > 4 

GROUP SIGNIFICANCES 

VOLO VaLl 
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TABLE 7A 
CHANGE IN PRICE : NO.7 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. MIN MAX S.E.MEAN 

1 VOLO 1790 
5332 13155 100 250000 311 

VOLl 5041 12051 100 168600 285 

2 VOLO 1182 
4626 13452 100 265100 391 

VOLl 5250 12353 100 144000 359 

3 VOLO 980 5278 26091 100 589100 833 
VOLl 4650 12934 100 149800 413 

4 VOLO 265 3535 8403 100 62300 516 
VOLl 7716 27083 100 298000 1664 

5 VOLO 79 
6878 33858 100 301200 3809 

VOLl 11505 38781 100 258600 4363 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

VOLO 4295 INTRCPT 4530 493 9.18a 
.0004 1.5 

APRICE 96427 78180 1.24 

VOLl 4295 INTRCPT 3559 414 8.59a 
.0057 24.7a 

APRICE 325691 65550 4.97a 



149 

TABLE 7A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
1790 

-291 416 -0.70 
SUMVOL 10374 426 24.30

a 

2 
DIFVOL 

1182 
624 523 1.19 

SUMVOL 9876 538 18.33
a 

3 
DIFVOL 

980 
-628 929 -0.68 

SUMVOL 9928 930 1O.67
a 

4 
DIFVOL 

265 
4180 1602 2.61

a 

SUMVOL 11251 1871 6.01
a 

5 
DIFVOL 

79 
4626 5892 0.79 

SUMVOL 18383 5690 3.23
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 4295 
INTRCPT -971 637 -1.52 

.0012 5.2
b 

APR ICE 229263 100857 2.27
b 

SUMVOL 4295 
INTRCPT 8088 651 12.42

a 
.0039 16.8

a 

APRICE 422118 103071 4.lO
a 

INTRCPT 14224 892 15.94
a 

SUMVOL 4295 APR ICE -1424531 212130 -6. n a 
.0262 57.8

a 

APRICE2 
92710578 9340198 9.93

a 
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TABLE 7A (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F 

VOLO 4295 1278 1.1 

VOLl 4295 5124 6.0a 

DIFVOL 4295 7053 3.5a 

SUMVOL 4295. 5752 2.7b 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO '5 > 1 > 3 > 2 > 4 

VOLl 5>4>2>1>3 

DIFVOL 5 > 4 > 2 > > 3 

SUMVOL 5 > 4 > > 3 > 2 

GROUP SIGNIFICANCES 

VOLO VOLl 

(5 • l)a 

(5 • 2)a 

(5 • 3)a 

(4 • l)b 

(4 • 3)b 
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TABLE 8A 
CHANGE IN PRICE : NO.8 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. MIN MAX S.E.MEAN 

VOLO 
1704 

5062 12172 100 168600 295 
VOLl 5377 14040 100 301000 340 

2 
VOLO 

1093 
6098 17142 100 298000 519 

VOLl 5112 12976 100 200000 392 

3 
VOLO 

901 
5251 15036 100 216300 501 

VOLl 4898 15514 100 212000 517 

4 
VOLO 

231 
4190 14160 100 178100 931 

VOLl 3946 11531 100 100000 759 

5 
VOLO 

74 
5500 29949 100 258600 3481 

VOLl 12016 31167 100 175000 3623 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR.EST S.E.E. T R2 F 

VOLO 4002 
INTRCPT 5286 441 11. 99

a 
.0000 0.0 

APRICE 11177 70931 0.19 

VOLl 4002 
INTRCPT 3968 428 9.26

a 
.0031 12.3

a 

APRICE 241457 68896 3.50a 
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TABLE SA (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
1704 

315 446 0.71 
SUMVOL 10440 453 23.01

a 

2 
DIFVOL 

1093 
-986 639 -1.54 

SUMVOL 11210 660 16.97
a 

3 
DIFVOL 

901 
-353 704 -0.50 

SUMVOL 10150 734 13.81
a 

4 
DIFVOL 

231 
-243 1173 -0.21 

SUMVOL 8136 1229 6.62
a 

5 
DIFVOL 

74 
6516 5085 1.28 

SUMVOL 17516 4963 3.53
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 4002 
INTRCPT -1318 607 -2.17b 

.0014 5.6b . 
APR ICE 230280 97613 2.36

b 

SUMVOL 4002 
INTRCPT 9255 623 14.86

a 
.0016 6.4

b 

APRICE 252634 100138 2.52
b 

INTRCPT 13195 856 15.40
a 

SUMVOL 4002 APRICE -968205 208666 -4.64
a 

.0125 25.3
a 

APRICE
2 

64039720 9618330 6.66
a 
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TABLE SA (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F 

VOLO 4002 1074 1.2 

VOLl 4002 3939 4.7a 

DIFVOL 4002 4454 2.7b 

SUMVOL 4002 5573 3.2b 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 2 > 5 > 3 > > 4 

VOLl 5 > > 2 > 3 > 4 

DIFVOL 5 > 1 > 4 > 3 > 2 

SUMVOL 5 > 2 > > 3 > 4 

GROUP SIGNIFICANCES 

VOLO VOLl 

(5 , l)a 

(5 , 2)a 

(5 , 3)a 

(5 , 4)a 
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TABLE 9A 
CHANGE IN PRICE : NO.9 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. MIN MAX S.E.MEAN 

1 
VOLO 

1605 
5812 15009 100 301000 374 

VOLl 5078 13078 100 250000 326 

2 
VOLO 

1043 
5447 14683 100 200000 455 

VOLl 6094 30949 100 902000 958 

3 
VOLO 

816 
4468 13997 100 212000 490 

VOLl 5447 16761 100 230800 587 

4 
VOLO 

186 
2773 8010 100 74300 587 

VOLl 4490 13396 100 103100 982 

5 
VOLO 

66 
6192 16647 100 110500 2049 

VOLl 14953 59792 100 457100 7360 

PANEL B (REGRESSION ANALYSIS: IND. VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR.EST S.E.E. T R2 F 

VOLO 3715 
INTRCPT 6148 456 13.47

a 
.0014 5.1

b 

APRICE -170893 75818 -2.25
b 

VOLl 3715 
INTRCPT 4647 689 6.74

a 
.0007 2.6 

APRICE 183536 114527 1.60 
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TABLE 9A (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DIFVOL 
1605 

-733 478 -1.53 
SUMVOL 10891 514 21.16

a 

2 
DIFVOL 

1043 
647 1055 0.61 

SUMVOL 11541 1065 1O.83
a 

3 
DIFVOL 

816 
979 749 1.31 

SUMVOL 9915 778 12.73
a 

4 
DIFVOL 

186 
1717 1069 1.61 

SUMVOL 7264 1214 5.98
a 

5 
DIFVOL 

66 
8760 6064 1.44 b 

SUMVOL 21145 8942 2.36 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DIFVOL 3715 
INTRCPT -1500 798 -1.88

b 
.0019 7.1

a 

APRICE 354430 132573 2.67
a 

SUMVOL 3715 
INTRCPT 10795 854 12.63

a 
.0000 0.0 

APR ICE 12643 141965 0.09 

INTRCPT 12017 1291 9.30
a 

SUMVOL 3715 APRICE -393914 352072 -1.12 .0043 0.80 

APRICE
2 

23958042 18986099 1.26 
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TABLE 9A (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F 

VOLO 3715 2245 2.7
b 

VOLl 3715 6712 3.5
a 

DIFVOL 3715 7314 2.9
b 

SUMVOL 3715 10599 3.6
a 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 5 > > 2 > 3 > 4 

VOLl 5 > 2 > 3 > > 4 

DIFVOL 5 > 4 > 3 > 2 > 

SUMVOL 5 > 2 > > 3 > 4 

GROUP SIGNIFICANCES 

VOLO VOLl 

(5 , l)a 

(5 , 3)a 

(5 , 4)a 

(5 , 2)b 
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TABLE lOA 
CHANGE IN PRICE : NO 10 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. MIN MAX S.E.MEAN 

VOLO 
1512 

5491 17020 100 457100 437 
VOLl 4814 14058 100 383200 362 

2 
VOLO 

971 
6404 32235 100 902000 1034 

VaLl 4521 9923 100 101200 318 

3 
VOLO 

730 
5579 18779 100 230800 695 

VaLl 5062 19852 100 440200 735 

4 
VOLO 

168 
2460 5351 100 37200 413 

VOLl 5160 18048 100 152100 1393 

5 
VOLO 

61 
2226 3888 100 22200 498 

VOLl 10714 35495 100 252000 4545 

PANEL B (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR.EST S.E.E. T R2 F 

VOLO 3441 
INTRCPT 6442 695 9.28

a 
.0007 2.3 

APR ICE -171520 113265 -1.51 

VOLl 3441 
INTRCPT 4044 478 8.45

a 
.0013 4.6

b 

APRICE 167935 78072 2.1S
b 
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TABLE lOA (CONTD.) 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

DlFVOL 
1512 

-677 555 -1.22 
SUMVOL 10305 579 17.77

a 

2 
DlFVOL 

971 
-1882 1079 -1.74 

SUMVOL 10926 1085 1O.07
a 

3 
DlFVOL 

730 
-516 980 -0.53 

SUMVOL 10641 1041 1O.22
a 

4 
DlFVOL 

168 
2699 1365 1.98

b 

SUM VOL 7620 1520 4.97
a 

5 
DlFVOL 

61 
8488 4607 1.84 

SUMVOL 12940 4536 2.85
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-ABSOLUTE PRICE CHANGE) 

DVAR N IVAR PAR. EST S.E.E. T R2 F 

DlFVOL 3441 
INTRCPT -2398 830 -2.89

a 
.0018 6.3

b 

APRICE 339455 135496 2.51
b 

SUMVOL 3441 
INTRCPT 10486 856 12.25

a 
.0000 0.0 

APRICE -3585 139604 -0.03 

INTRCPT 11189 1176 9.51l'l 

SUM VOL 3411 APRICE -217070 281833 -0.77 .0002 0.4 

APRICE
2 

10423443 11953616 0.87 
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TABLE lOA (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F 

VOLO 3441 2991 1.5 

VOLl 3441 2243 2.4
b 

DIFVOL 3441 8468 3.0
b 

SUMVOL 3441 2000 0.7 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 2 > 3 > > 4 > 5 

VOLl 5 > 4 ~ 3 > 1 > 2 

DIFVOL 5 > 4 > 3 > 1 > 2 

SUMVOL 5 > 2 > 3 > > 4 

GROUP SIGNIFICANCES 

VOLO VOLl 

VOLO 

DIFVOL 

VOLl 

(5 • l)b 

(5 , 2)b 

(5 • 3)b 

SUMVOL 



Tables lR, .... ,lOR 

YOLO, VOLl: 

N: 
T, a, b: 

DVAR, IVAR: 

DWVOL, SUMVOL: 

RPRICE: 
INTRCPT: 
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SUMMARY OF NOTATIONS 

Tables lR, ...... ,lOR 

The "R" represents signed price changes. Table 1 
reports statistics concerning the first price 
change, Table 2 the second price change, etc. 

The total The summation of volume over 
transactions preceding and succeeding the 
transaction at a changed price 

The number of observations 

The scores from two-tailed T-tests, 99% and 95% 
significance .!evels, respectively 

The dependent and independent variables, 
respectively. 

VOLl-VOLO and VOLl+VOLO, respectively. 

Relative (signed) price changes. 
Intercept. 
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TABLE lR 
CHANGE IN PRICE : NO.1 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. S.E.MEAN 

-5 
VOLO 

255 
781 3631 227 

VOLl 46100 126099 7896 

-4 
VOLO 

302 
1482 5599 322 

VOLl 9889 26438 1521 

-3 
VOLO 

956 
4415 29209 945 

VOLl 7911 18720 605 

-2 
VOLO 

744 
3173 10965 402 

VOLl 7511 15626 572 

-1 VOLO 
919. 

4308 15641 515 
VOLl 7251 21625 713 

VOLO 
963 

3920 13668 440 
VOLl 7542 28528 919 

2 
VOLO 

799 
2869 9268 327 

VOLl 6032 16475 582 

3 
VOLO 

954 
4371 20663 669 

VOLl 6605 19712 638 

4 
VOLO 

375 
2473 15703 810 

VOLl 9465 22747 1174 

5 
VOLO 

234 
760 2995 195 

VOLl 32577 71085 4647 

PANEL B (REGRESSION ANALYSIS:IND.VAR RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 3471 212 16.36
a 

VOLO 6498 RPRIC~ 5471 13972 0.39 .0001 0.2 
RPRICE -19345 28809 -0.67 

INTRCPT 9526 430 22.U
a 

VOLl 6498 RPRICZ -540605 28366 -19.06
a 

.0718 251.5
a 

RPRICE 1210295 58488 20.69
a 
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TABLE lR (CONTD) 
CHANGE IN PRICE : NO.1 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 DIFVOL 
255 

45318 7891 5.73
a 

SUMVOL 46881 7891 5.94
a 

-4 
DIFVOL 

302 
8407 1573 5.34

a 

SUMVOL 11372 1536 7.40
a 

-3 
DIFVOL 

956 
3495 1138 3.07a 

SUMVOL 12327 1105 11.lS
a 

-2 
DIFVOL 

744 
4337 689 6.29

a 

SUMVOL 10684 710 IS.0Sa 

-1 
DIFVOL 

919 
2942 881 3.34

a 

SUMVOL 11560 879 13.14
a 

DIFVOL 
963 

3622 1027 3.53
a 

SUMVOL 11462 1011 11.33
a 

2 
DIFVOL 

799 
3163 662 4.78

a 

SUMVOL 8902 675 13.18
a 

3 
DIFVOL 

954 
2234 944 2.37

a 

SUMVOL 10977 904 12.13
a 

4 
DIFVOL 

375 
6992 1384 5.05

a 

SUMVOL 11938 1469 8.13
a 

5 
DIFVOL 

234 
31817 4664 6.82

a 

SUMVOL 33337 4637 7.19
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 6054 483 12.51
a 

DIFVOL 6498 RPRIC~ -546076 31857 -17.14
a 

.0593 204.9
a 

RPRICE 1229640 65686 18.72
a 

INTRCPT 12998 476 27.27
a 

SUMVOL 6498 RPRI5,f -535133 31382 -17.05 .0580 199.9
a 

RPRICE 1190949 64706 18.41
a 
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TABLE IR (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F R2 

VOLO 6500 7953 3.0
a 

.0042 

VOLl 6500 496687 45.1
a 

.0589 

D1FVOL 6500 593330 43.2
a 

.0565 

SUMVOL 6500 415952 30.8
a .0409 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -3 > 3 > -I > > -2 > 2 > 4 > -4 > -5 > 5 

VOLl -5 > 5 > -4 > 4 > -3 > 1 > -2 > -I > 3 > 2 

D1FVOL -5 > 5 > -4 > 4 > -2 > > -3 > 2 > -I > 3 

SUMVOL -5 > 5 > -3 > 4 > -I > 1 > -4 > 3 > -2 > 2 

GROUP SIGNIFICANCES 

VOLO VOLl 

(-5, 5)a (-5,-2) a ( 5,-3)a 

(-5, 4)a (-5,-1) a ( 5,_2)a 

(-5, 3)a ( 5, 4)a ( 5,-I)a 

(-5, 2)a ( 5, 3)a 

(-5, l)a ( 5, 2)a 

(-5,-4) a ( 5, l)a 

(-5,-3) a ( 5,-4)a 
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TABLE 2R 
CHANGE IN PRICE : NO.2 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN sm.DEV. S.E.MEAN 

-5 VOLO 100 4293 7495 750 
VOLl 10333 55085 5508 

-4 VOLO 263 4957 9675 597 
VOLl 4596 15631 964 

-3 VOLO 846 9489 35806 1231 
VOLl 4856 15046 517 

-2 VOLO 816 8945 24452 856 
VOLl. 4060 12518 438 

-1 VOLO 1160 13062 42893 1259 
VOLl 5267 12073 354 

VOLO 1097 12033 53587 1617 
VOLl 4930 14352 433 

2 VOLO 786 10264 22791 812 
VOLl 4172 10390 370 

3 VOLO 804 8868 29404 1037 
VOLl 6333 22001 775 

4 VOLO 235 7280 33946 2214 
VOLl 3450 14575 950 

5 VOLO 104 3161 6805 667 
VOLl 14122 53708 5266 

PANEL B '(REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 10573 500 21.Ua 

3.3b VOLO 6208 RPRIC~ 8937 63607 0.14 b .0011 
RPRICE -9126820 3567645 -2.56 

INTRCPT 4050 238 17.03a 

VOLl 6208 RPRIC~ 54678 30212 1.81 .0234 74.48. 
RPRICE 20390055 1694539 12.03a 



165 

TABLE 2R (CONTD) 
CHANGE IN PRICE : NO.2 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 DlFVOL 
100 

6040 5447 1.11 b 
SUMVOL 14626 5668 2.58 

-4 DlFVOL 
263 

-361 1041 -0.35 
SUMVOL 9553 1218 7.84

a 

-3 
DlFVOL 

846 
-4633 1313 -3.53a 

SUMVOL 14345 1356 1O.57
a 

-2 
DlFVOL 

816 
-4885 908 -5.38

a 

SUMVOL 13005 1012 12.85
a 

-1 
DlFVOL 

1160 
-7795 1245 -6.26a 

SUMVOL 18330 1368 13.39
a 

DlFVOL 
1097 

-7103 1658 -4.2S
a 

SUMVOL 16964 1691 1O.03
a 

2 
DlFVOL 

786 
-6091 852 -7.14

a 

SUMVOL 14437 932 15.48
a 

3 
DlFVOL 

804 
-2534 1240 -2.04

b 

SUMVOL 15201 1347 11.28
a 

4 
DlFVOL 

235 
-3830 2201 -1.74 

SUMVOL 10729 2601 4.12
a 

5 
DlFVOL 

104 
10960 5176 2.12

b 

SUMVOL 17283 5437 3.18
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -6522 536 -12.15
a 

DlFVOL 6208 RPRIC12 45741 68157 0.67 .0096 30.1
a 

RPRICE 29516876 3822821 7.72
a 

INTRCPT 14624 571 25.58
a 

4.24
b SUMVOL 6208 RPRIC~ 63616 72608 0.88 .0014 

RPRICE 11263234 4072486 2.77
a 
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TABLE 2R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F R2 

VOLO 6210 34128 2.9
a 

.0041 

VOLl 6210 14802 5.4
a 

.0077 

DIFVOL 6210 64511 4.7
a 

.0067 

SUMVOL 6210 33350 2.1
b 

.0031 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -1 > 1 > 2 > -3 > -2 > 3 > 4 > -4 > -5 > 5 

VOLl 5 > -S > 3 > -1 > > -3 > -4 > 2 > -2 > 4 

DIFVOL 5 > -5 > -4 > 3 > 4 > -3 > -2 > 2 > > -1 

SUMVOL -1 > 5 > 1 > 3 > -5 > 2 > -3 > -2 > 4 >-4 

GROUP SIGNIFICANCES 

VOLO 

C-l,-4)b 

( 5,_3)a 

( 5,-2)a 

( 5,_Ua 

( 5, 4)a 

( 5, 3)a 

( 5, 2)a 

VOLl 

(-5, 2)b 

(-5,-4)b 

(-5,-2l
b 
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TABLE 3R 
CHANGE IN PRICE : NO.3 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. S.E.MEAN 

-5 VOLa 
95 

11831 53136 5451 
VOLl 4329 11725 1203 

-4 VOLO 
203 

4095 14866 1043 
VOLl 7253 28059 1969 

-3 
VOLO 

774 
6169 23458 843 

VOLl 5422 18939 680 

-2 
VOLO 

761 
4934 15140 548 

VOLl 4867 14605 529 

-1 VOLO 
1048 

5487 15398 475 
VOLl 5878 20269 626 

1 
VOLa 

1081 
5187 11456 348 

VOLl 5412 24793 754 

2 
VOLa 

774 
4082 10702 384 

VOLl 4240 9943 357 

3 
VOLO 

768 
4430 12078 436 

VOLl 4786 16493 595 

4 
VOLO 

220 
3410 14460 975 

VOLl 3137 7123 480 

5 
VOLO 

92 
9008 57180 5961 

VOLl 10341 41300 4305 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 4637 248 18.65
a 

VOLO 5813 RPRIC~ -31366 33310 -0.94 .0070 20.4
a 

RPRICE 10211830 1695316 6.02
a 

INTRCPT 5101 269 18.92
a 

VaLl 5813 RPRICE
2 

-10955 36112 -0.30 .0004 1.06 
RPRICE 2466294 1837963 1.34 
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TABLE 3R (CONTD) 
CHANGE IN PRICE : NO.3 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DIFVOL 

95 
-7502 5511 -1.36 

SUMVOL 16161 5653 2.86
a 

-4 
DIFVOL 

203 
3158 1815 1.74 

SUMVOL 11349 2576 4.40
a 

-3 
DIFVOL 

774 
-746 1071 -0.70 

SUMVOL 11592 1096 1O.57a 

-2 
DIFVOL 

761 
-66 746 -0.09 

SUMVOL 9800 778 12.59
a 

-1 
DIFVOL 

1048 
391 742 0.53 

SUMVOL 11365 827 13.73
a 

DIFVOL 
1081 

225 812 0.28 
SUMVOL 10600 848 12.49

a 

2 
DIFVOL 

774 
158 515 0.31 

SUMVOL 8323 534 15.56
a 

3 
DIFVOL 

768 
354 726 0.49 

SUMVOL 9216 748 12.31
a 

4 
DIFVOL 220 

-273 1079 -0.25 
SUMVOL 6548 1094 5.98

a 

5 
DIFVOL 

92 
1332 7408 0.18 

SUMVOL 19350 7298 2.65a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT 463 356 1.30 
DIFVOL 5813 RPRIC~ 20410 47726 0.43 .0019 5.6

a 

RPRICE -7745536 2429034 -3.19 

INTRCPT 9738 376 25.83
a 

SUMVOL 5813 RPRIC~ -42321 50493 -0.84 .0047 13.8a 

RPRICE 12678124 2569865 4.93
a 
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TABLE 3R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S.(millions) F R2 

VOLO 5815 8741 3.1
a 

.0047 

VOLl 5815 5789 1.7 .0027 

DIFVOL 5815 8288 1.4 .0022 

SUMVOL 5815 20773 3.2
a 

.0049 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -5 > 5 > -3 > -1 > > -2 > 3 > -4 > 2 > 4 

VOLl 5 > -4 > -1 > -3 > > -2 > 3 > -5 > 2 > 4 

DIFVOL -4 > 5 > -1 > 3 > > 2 > -2 > 4 > -3 > -5 

SUMVOL 5 > -5 > -3 > -1 > -4 > 1 > -2 > 3 > 2 > 4 

GROUP SIGNIFICANCES 

VOLO VOLl 

(-5; 3)a (-5,-I)a (-5, 3)a (_5,_I)a 

(-5, 2)a (-5. l)b (-5, 3)a (-5,-0 
a 

( 5, 4)a (-5,-4) b (-5, 3)a (-5,-I) a 

( 5,_2)b (-5, 3)a (-5,-I) a 
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TABLE 4R 
CHANGE IN PRICE : NO.4 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. S.E.MEAN 

-5 VOLO 
74 

1713 3324 386 
VOLl 5609 23532 2735 

-4 VOLO 
182 

9220 49205 3647 
VOLl 6857 42901 3180 

··3 
VOLO 

708 
4704 17245 648 

VOLl 4351 13092 492 

-2 VOLO 
709 

5370 16647 625 
VOLl 4869 12356 464 

-1 VOLO 
1055 6743 26892 827 

VOLl 5108 11798 363 

VOLO 
995 

4987 11136 353 
VOLl 4398 13641 432 

2 VOLO 
740 

4448 9695 356 
VOLl 4767 30023 1103 

3 
VOLO 

650 
4325 15172 595 

VOLl 4467 12660 496 

4 VOLO 
205 

4478 14659 1023 
VOLl 6810 25569 1785 

5 VOLO 
74 

2243 4086 475 
VOLl 10348 23834 2770 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT 5360 285 
a 

18.75 b VOLO 5389 RPRIC~ -88747 38197 -2.32 .0012 3.22 
RPRICE -2765554 2395118 -1.15 

INTRCPT 4302 276 15.56
a 

VOLl 5389 RPRIC~ 26882 36952 0.73 .0060 16.2
a 

RPRICE 13165929 2317089 5.68
a 
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TABLE 4R (CONTD) 
CHANGE IN PRICE : NO.4 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DIFVOL 

74 
3895 2760 1.41 

SUMVOL 7322 2764 2.65
a 

-4 
DIFVOL 

182 
-2362 2351 -1.00 

SUMVOL 16078 6426 2.50
a 

-3 
DIFVOL 

708 
-353 767 -0.46 

SUMVOL 9056 857 1O.56
a 

-2 
DIFVOL 

709 
-500 764 -0.65 

SUMVOL 10240 792 12.92
a 

-1 
DIFVOL 

1055 
-1635 893 -1.83 

SUMVOL 11851 915 12.95
a 

DIFVOL 
995 

-589 562 -1.05 
SUMVOL 9386 554 16.93

a 

2 
DIFVOL 

740 
319 1159 0.28 

SUMVOL 9216 1159 7.9S
a 

3 
DIFVOL 

650 
142 771 0.18 

SUMVOL 8792 778 1l.29
a 

4 
DIFVOL 

205 
2331 1453 1.60 

SUMVOL 11288 2522 4.48
a 

5 
DIFVOL 

74 
8105 2786 2.91

b 

SUMVOL 12591 2835 4.44
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -1057 115629 
a 

-2.96
b DIFVOL 5389 RPRIC~ 115629 47694 2.42 .0061 16.4

a 

RPRICE 15931484 2990656 5.33
a 

INTRCPT 9662 434 22.23
a 

SUMVOL 5389 RPRI~ -61864 58088 -1.06 .0018 4.8
a 

RPRICE 10400374 3642384 2.86
a 
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TABLE 4R (CONTD.) 

PANEL E (BETWEEN GROUP ANAL YSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F R2 

VOLO 5391 8256 2.5
a 

.0041 

VOLl 5391 4320 1.4 .0023 

DIFVOL 5391 11130 2.1
b 

.0035 

SUMVOL 5391 14023 1.8 .0030 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -4 > -1 > -2 > 1 > -3 > 4 > 2 > 3 > 5 > -5 

VOLl 5 > -4 > 4 > -5 > -1 > -2 > 2 > 3 > > -3 

DIFVOL S > -s > 4 > 2 > 3 > -3 > -2 > > -1 > -4 

SUMVOL -4 > 5 > -1 > 4 > -2 > 1 > 2 > -3 > 3 > -5 

GROUP SIGNIFICANCES 

VOLO VOLl 
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TABLE 5R 
CHANGE IN PRICE: NO_S 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. S_E.MEAN 

-5 VOLO 
81 

6092 17021 1891 
VOLl 4927 11222 1246 

-4 VOLO 
164 

6596 28232 2204 
VOLl 4825 16121 1258 

-3 VOLO 
564 

4479 12696 534 
VOLl 3653 9304 391 

-2 VOLO 
679 4905 12496 479 

VOLl 5590 14577 559 

-1 VOLO 
982 4984 15738 502 

VOLl 5636 15636 499 

1 
VOLO 

1022 
5120 10412 325 

VOLl 5801 16779 524 

2 
VOLO 

648 3942 10083 396 
VOLl 3960 12124 476 

3 
VOLO 

612 4239 13519 546 
VOLl 5082 14114 570 

4 
VOLO 

170 2181 5072 389 . 
VOLl 8006 30038 2303 

-.'~ VOLO 10647 69175 8715 
5 VOLl 63 16149 51379 6473 

PANEL B (REGRESSION ANALYSIS: IND. VAR -RELATIVE PRICE CHANGE) 

DVAR OF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 4535 255 17_78a 

VOLO 4982 RPRIC~ -45372 32940 -1.38 .0011 2.6 
RPRICE 5203404 2979579 1_75 

INTRCPT 4516 267 16_:Ena 
VOLl 4982 RPRIC~ 122513 34569 3_S4a 

.0089 22.4
a 

RPRICE 18373999 3126915 S_88
a 
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TABLE 5R (CONTD) 
CHANGE IN PRICE : NO.5 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DIFVOL 

81 
-1165 2079 -0.56 

SUMVOL 11019 2437 4.s2
a 

-4 
DIFVOL 

164 
-1770 2500 -0.71 

SUMVOL 11421 2576 4.43
a 

-3 
DIFVOL 

564 
-826 653 -1.26 

SUMVOL 8133 672 12. lOa 

-2 
DIFVOL 

679 
685 734 0.93 

SUMVOL 10495 739 14.19
a 

-1 
DIFVOL 

982 
652 697 0.94 

SUMVOL 10621 717 14.79
a 

DIFVOL 
1022 

681 620 1.10 
SUMVOL 10921 614 17.77

a 

2 
DIFVOL 

648 
17 618 0.03 

SUMVOL 7902 620 12.74
a 

3 
DIFVOL 

612 
842 779 1.08 

SUMVOL '9322 800 1l.64
a 

4 
DIFVOL 

170 
5824 2345 2.48

b 

SUMVOL 10188 2327 4.38
a 

5 
DIFVOL 

63 
5501 10836 O.sl

b 
SUMVOL 26796 10876 2.46 

PANEL D' (REGRESSION ANALYSIS: IND. VAR-RELA TIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -19 366 -0.05 
DIFVOL 4982 RPRIC~ 167885 47380 3.54

a 
.0042 1O.4

a 

RPRICE 13170594 4285723 3.07
a 

INTRCPT 9051 372 24.30
a 

SUMVOL 4982 RPRIg: 77141 48118 1.60 .0062 15. Sa 
RPRICE 23577404 4352419 5.42

a 
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TABLE 5R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S.(millions) F R2 

VOLO 4984 4849 2.3
b .0041 

VOLl 4984 11851 5.0
a 

.0090 

DIFVOL 4984 8739 2.0
b 

.0035 

SUMVOL 4984 24662 5.4
a .0100 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO 5 > -5 > -4 > 1 > -1 > -2 > -3 > 3 > 2 > 4 

VOLl 5 > 4 > 1 > -1 > -2 > 3 > -5 > -4 > 2 > -3 

DIFVOL 4 > 5 > 3 > -2 > 1 > -1 > 2 > -3 > -5 > -4 

SUMVOL 5 > -4 > -5 > 1 > -1 > -2 > 4 > 3 > -3 > 2 

GROUP SiGNIFICANCES 

VOLO VOLl 

5,-5)a 5,_I)a 

( 5,_4)a ( 5, l)a 

( 5,-3)a ( 5, 2)a 

( 5,_2)a ( 5, 3)a 

( 5, 4)b 
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TABLE 6R 
CHANGE IN PRICE : NO.6 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. S.E.MEAN 

-5 
VOLO 

54 
9574 49398 6722 

VOLl 7524 21049 2864 

-4 
VOLO 

138 
2206 3928 334 

VOLl 6943 27091 2306 

-3 
VOLO 

515 
4632 14681 646 

VOLl 5430 22825 1005 

-2 
VOLO 

613 
5757 15552 628 

VOLl 4437 12098 488 

-1 
VOLO 

993 
6754 21309 676 

VOLl 4717 9190 291 

VOLO 
921 

5293 12637 416 
VOLl 5162 14531 478 

2 
VOLO 

630 
5006 12147 483 

VOLl 4451 10731 427 

3 
VOLO 

548 
4316 10486 447 

VOLl 5185 27175 1160 

4 
VOLO 

134 
4979 18493 1597 

VOLl 4785 13758 1188 

5 
VOLO 

59 
6340 38200 4973 

VOLl 10176 40747 5304 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAL DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 5180 281 18.43
a 

VOLO 4602 RPRIC~ -13225 38131 -0.35 .0006 1.4 
RPRICE 5360478 3301183 1.62 

INTRCPT 4383 289 15.13
a 

VOLl 4602 RPRIC~ 1903 39228 0.05 .0047 1O.8
a 

RPRICE 15776165 3401375 4.64
a 
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TABLE 6R (CONTD) 
CHANGE IN PRICE : NO.6 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 DlFVOL 
54 

-2050 7334 -0.2~ 
SUMVOL 17098 7279 2.35 

-4 DlFVOL 
138 

4736 2279 2.08
b 

SUMVOL 9150 2380 3.84
a 

-3 
DlFVOL 

515 
798 1185 0.67 

SUMVOL 10063 1205 8.35
a 

-2 
DIFVOL 

613 
-1320 795 -1.66 

SUMVOL 10194 796 12.80
a 

-1 
DIFVOL 

993 
-2037 737 -2.76

a 

SUMVOL 11471 735 15.60
a 

DIFVOL 
921 

-131 617 -0.21 
SUMVOL 10455 651 16.06

a 

2 
DIFVOL 

630 
-554 632 -0.88 

SUMVOL 9458 658 14.36
a 

3 
DIFVOL 

548 
869 1205 0.72 

SUMVOL 9501 1281 7.41
a 

4 
DIFVOL 

134 
-193 2014 -0.10 

SUMVOL 9764 1967 4.96
a 

5 
mFVOL 

59 
3835 1658 2.31

b 

SUMVOL 16516 10418 1.63 

PANEL 0 (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT -796 385 -2.06
b 

DIFVOL 4602 RPRISE 15129 52349 0.29
b 

.0012 2.7 
RPRICE 10415686 4532100 2.30 

INTRCPT 9563 420 22.74
a 

SUMVOL 4602 RPRISf -11321 57050 -0.20 .0040 9.2
a 

RPRICE 21136643 4939069 4.28
a 
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TABLE 6R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F R2 

VOLO 4604 5380 2.2
b 

.0042 

VOLl 4604 3046 1.2 .0022 

DIFVOL 4604 9733 2.1
b 

.0040 

SUMVOL 4604 7120 1.3 .0025 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -5 > -1 > 5 > -2 > > 2 > 4 > -3 > 3 >-4 

VOLl 5 > -5 > -4 > -3 > 3 > 1 > 4 > -1 > 2 >-2 

DIFVOL -4 > 5 > 3 > -3 > > 4 > 2 > -2 > -1 >-5 

SUMVOL -5 > 5 > -1 > 1 > -2 > -3 > 4 > 3 > 2 >-4 

GROUP SIGNIFICANCES 

VOLO VOLl 
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TABLE 7R 
CHANGE IN PRICE: NO.7 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. S.E.MEAN 

-5 VOLO 50 
9412 42436 6001 

VOLl 6890 15040 2127 

-4 VOLO 
131 

3148 6971 609 
VOLl 8022 30345 2651 

-3 VOLO 474 
4282 11028 506 

VOLl 4512 12838 506 

-2 
VOLO 

591 
4457 9816 403 

VOLI. 5348 12116 498 

-1 VOLO 
902 

5299 14566 485 
VOLl 5346 12412 413 

1 
VOLO 

888 5366 11555 387 
VOLl 4731 11672 391 

2 VOLO 
591 

4794 16303 670 
VOLl 5152 12594 518 

3 
VOLO 

506 6212 34699 1542 
VOLl 4778 13034 579 

4 
VOLO 

134 
3913 9612 830 

VOLl 7416 23572 2036 

5 
VOLO 

29 
2510 3270 607 

VOLl 19462 60747 11280 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR OF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 4328 297 14.53
a 

VOLO 4293 RPRIC1 -17560 41919 -0.42 .0064 13.8
a 

RPRICE 17903845 3432416 5.22
a 

INTRCPT 4500 250 l8.00
a 

VOLl 4293 RPRIC~ 48537 35187 1.38 .0113 24.S
a 

RPRICE 19908322 2881233 6.91
a 
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TABLE 7R (CONTD) 
CHANGE IN PRICE : NO.7 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DlFVOL 

50 
-2522 6467 -0.39

b 
SUMVOL 16302 6265 2.60 

-4 DlrVOL 
131 

4873 2693 1.81 
SUMVOL 11170 274G 4.07

a 

-3 DlFVOL 
474 

230 778 0.30 
SUMVOL 8794 776 11.33

a 

-2 
DlFVOL 

591 
890 623 1.43 

SUMVOL 9805 659 14.88
a 

-1 
DlFVOL 

902 
46 635 0.07 

SUMVOL 10645 638 16.67
a 

DlFVOL 
888 

-634 536 -1.18 
SUMVOL 10098 565 17.85

a 

2 
DlFVOL 

591 
357 841 0.43 

SUMVOL 9947 853 11.66
a 

3 
DlFVOL 

506 
-1433 1646 -0.87 

SUMVOL 10991 1648 6.67
a 

4 
DlFVOL 

134 
3502 1770 1.98

b 

SUMVOL 11329 2556 4.43
a 

5 
DlFVOL 

29 
16951 11343 1.49

b 
SUMVOL 21972 11249 1.95 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 171 385 0.44 
DlFVOL 4293 RPRIC~ 66098 54314 1.22 .0004 0.8 

RPRICE 2004477 4447340 0.45 

INTRCPT 8828 391 22.53
a 

SUMVOL 4293 RPRIst 30977 55143 0.56 .0161 35.1
a 

RPRICE 37812167 4515212 8.37
a 
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TABLE 7R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F R 
~ 

VOLO 4295 3139 1.2 .0024 

VOLl 4295 8247 4.3a .0090 

DIFVOL 4295 15108 3.3a .0070 

SUMVOL 4295 7665 1.6 .0034 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -5 > 3 > > -1 > 2 > -2 > -3 > 4 > -4 > 5 

VOLl 5 > -4 > 4 > -5 > -2 > -1 > 2 > 3 > 1 > -3 

DIFVOL 5 > -4 > 4 > -2 > 2 > -3 > -1 > 1 > 3 > -5 

SUMVOL 5 > -5 > 4 > -4 > 3 > -1 > 1 > 2 > -2 > -3 

GROUP SIGNIFICANCES 

VOLO VOLl 

5.-5)a 5._1)a 

( 5._4)a ( 5. l)a 

( 5._3)a ( 5. 2)a 

( 5._2)a ( 5. 3)a 

( 5. 4)a 
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TABLE 8R 
CHANGE IN PRICE : NO.8 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. S.E.MEAN 

-5 VOLO 
32 

9562 45468 8037 
VOLl 7990 30880 5458 

-4 
VOLO 

114 
2850 5742 537 

VOLl 3909 11925 1116 

-3 
VOLO 

445 
5631 17584 833 

VOLl 3770 11299 535 

-2 
VOLO 

535 
7024 21497 929 

VOLl 5431 14555 629 

-1 
VOLO 

858 
5305 13927 475 

VOLl 5534 15770 538 

1 
VOLO 

846 
4815 10088 346 

VOLl 5218 12041 413 

2 
VOLO 

558 
5210 11463 485 

VOLl 4806 11260 476 

3 
VOLO 

456 
4880 12049 564 

VOLl 5999 18683 874 

4 
VOLO 

117 
5495 19026 1758 

VOLl 3982 11186 1034 

5 
VOLO 

42 
2404 3344 516 

VOLl 15083 31405 4846 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 5381 267 20.13
a 

VOLO 4000 RPRIC~ -711l0 37890 -1.88 .0009 1.8 
RPRICE -804680 3268573 -0.25 

INTRCPT 4243 258 16.45
a 

VOLl 4000 RPRIst 55288 36566 1.51 .0169 34.0
a 

RPRICE 25618285 3154368 8.12
a 
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TABLE 8R (CONTD) 
CHANGE IN PRICE : NO.8 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 DIFVOL 
32 

-1571 9897 -0.16
b 

SUMVOL 17553 9531 1.84 

-4 
DIFVOL 

114 
1059 1117 0.95 

SUMVOL 6759 1350 5.00
a 

-3 DIFVOL 
445 

-1861 979 -1.90 
SUMVOL 9401 1001 9.38

a 

-2 DIFVOL 
535 

-1593 1106 -1.44 
SUMVOL 12455 1138 1O.94

a 

-1 
DIFVOL 

858 229 710 0.32 
SUMVOL 10840 726 14.92

a 

1 
DIFVOL 

846 
402 539 0.75 

SUMVOL 10034 540 18.55
a 

2 
DIFVOL 

558 
-403 667 -0.60 

SUMVOL 10016 692 14.46
a 

3 
DIFVOL 

456 1119 1007 1.11 
SUMVOL 10880 1073 1O.14

a 

4 
DIFVOL 

117 
-1513 2043 -0.74 

SUMVOL 9477 2037 4.65
a 

5 
DIFVOL 

42 12678 4749 2.67
a 

SUMVOL 17488 4994 3.50
a 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -1138 366 
a 

-3.11 b 
DIFVOL 4000 RPRIC~ 126398 51940 2.43 .0100 20.3

a 

RPRICE 26422965 4480600 5.90
a 

INTRCPT 9624 376 25.56
a 

SUMVOL 4000 RPRIg: -15822 53363 -0.30 .0072 14.6 
RPRICE 24813604 4603415 5.39

a 
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TABLE 8R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R.S.S. (millions) F R2 

VOLO 4002 3537 1.8 .0040 

VOLl 4002 6122 3.3
a 

.0073 

DIFVOL 4002 10925 2.9
a 

.0065 

SUMVOL 4002 8395 2.1
b 

.0047 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -5 > -2 > -3 > 4 > -1 > 2 > 3 > 1 > -4 > 5 

VOLl 5 > -5 > 3 > -1 > -2 > > 2 > 4 > -4 > -3 

DIFVOL 5 > 3 > -4 > 1 > -1 > 2 > 4 > -5 > -2 > -3 

SUMVOL -5 > 5 > -2 > 3 > -1 > 1 > 2 > 4 > -3 > -4 

GROUP SIGNIFICANCES 

VOLO VaLl 

( 5, 4)a 5,_I)a 

( 5,_4)a ( 5, U
a 

( 5,_3)a ( 5, 2)a 

( 5,_2)a ( 5, 3)a 
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TABLE 9R 
CHANGE IN PRICE: NO.9 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN SID.DEV. S.E.MEAN 

-5 VOLO 
44 

8395 20037 3020 
VOLl 17288 70634 10648 

-4 VOLO 
87 

3422 10957 1174 
VOLl 3063 7762 832 

-3 VOLO 399 4642 14467 724 
VOLl 4864 12973 649 

-2 VOLO 
536 

5698 15857 684 
VOLl 7340 41571 1795 

-1 VOLO 
832 5513 13050 452 

VOLl 5029 10850 376 

VOLO 
773 

6134 16868 606 
VOLl 5131 15121 543 

2 
VOLO 

507 
5181 13341 592 

VOLl 4776 11910 528 

3 
VOLO 

417 
4301 13548 663 

VOLl 6005 19716 965 

4 
VOLO 

99 
2203 3881 390 

VOLI 5745 16808 1689 

5 
VOLO 

22 1786 2272 484 
VOLl 10281 28560 6089 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR OF IVAR PAR.EST S.E.E. T R2 F 

INTRCPT 5483 279 19.60
a 

VOLO 3713 RPRIC~ -56030 39558 -1.42 .0011 2.0 
RPRICE -6109105 4101969 -1.49 

INTRCPT 5226 422 12.37
a 

VOLl 3713 RPRICE2 -26615 59743 -0.45 .0008 1.5 
RPRICE 9968914 6194989 1.61 
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TABLE 9R (CONTD) 
CHANGE IN PRICE : NO.9 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DIFVOL 

44 
8893 8654 1.03 

SUMVOL 25684 13043 1.97 

-4 DIFVOL 
87 

-359 1398 -0.26 
SUMVOL 6486 1479 4.38

a 

-3 
DIFVOL 

399 
222 935 0.24 

SUMVOL 9507 1008 9,42
a 

-2 
DIFVOL 

536 
1641 1916 0.86 

SUMVOL 13038 1926 6.77a 

-1 DIFVOL 
832 

-484 563 -0.86 
SUM VOL 10543 612 17.22

a 

DIFVOL 
773 

-1002 787 -1.27 
SUMVOL 11265 841 13.39

a 

2 
DIFVOL 

507 
-404 781 -0.52 

SUMVOL 9958 806 12.35
a 

3 
DIFVOL 

417 
1703 1163 1.46 

SUMVOL 10307 1179 8.74
a 

4 
DIFVOL 

99 
3542 1573 2.25

b 

SUMVOL 7948 1880 4.23
a 

5 
DIFVOL 

22 
8495 5896 1.44 

SUMVOL 12068 6312 1.91 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -257 489 -0.53 
DIFVOL 3713 RPRIC~ 29414 69179 0,43

b 
.0014 2.6 

RPRICE 16078020 7173447 2.24 

INTRCPT 10710 523 20,45a 

SUMVOL 3713 RPRIC~ -82645 74043 -1.12 .0004 0.8 
RPRICE 3859808 7677874 0.50 
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TABLE 9R (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F R2 

VOLa 3715 3202 1.7 .0041 

VaLl 3715 9746 2.3
b .0055 

DIFVOL 3715 9668 1.7 .0041 

SUMVOL 3715 16230 2.S
a 

.0060 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -5 > > -2 > -1 > 2 > -3 > 3 > -4 > 4 > 5 

VaLl -5 > 5 > -2 > 3 > 4 > 1 > -1 > -3 > 2 > -4 

DIFVOL -5 > 5 > 4 > 3 > -2 > -3 > -4 > 2 > -1 > 1 

SUMVOL -5 > -2 > 5 > 1 > -1 > 3 > 2 > -3 > 4 > -4 

GROUP SIGNIFICANCES 

VOLO VaLl 

(-5, 3)b (-5, 2)b 

(-5,-Ub (-5, Ob 

(_5,_3)b (-5,-4)b 
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.. -.-'. 
TABLE lOR 

CHANGE IN PRICE : NO.IO 

PANEL A (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN STD.DEV. S.E.MEAN 

-5 VOLO 
29 

3355 5008 930 
VOLl 14493 47728 8862 

-4 VOLO 
78 

2414 5027 569 
VOLl 3284 9051 1024 

-3 VOLO 
372 

6397 23300 1208 
VOLl 5384 25476 1320 

-2 VOLO 
473 

7639 43976 2022 
VOLl 4543 9434 433 

-1 
VOLO 

753 
6103 22004 801 

VOLl 4302 8719 317 

VOLO 
759 4884 9817 356 

VOLl 5321 17833 647 

2 VOLO 
498 

5231 13731 615 
VOLl 4501 10376 464 

3 
VOLO 

358 4729 12431 657 
VOLl 4727 11404 602 

4 
VOLO 

90 
2501 5643 594 ' 

VOLl 6785 23122 2437 

5 
VOLO 

32 1203 2079 367 
VOLl 7290 18856 3333 

PANEL B (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT 5821 420 13.84
a 

VOLO 3439 RPRIC~ -107825 61971 -1.74 .0014 2.5 
RPRICE -6740766 4802843 -1.40 

INTRCPT 4560 289 15.73
a 

4.1
b 

VOLl 3439 RPRIC~ 30257 42711 0.71 .. 0024 
RPRICE 9147229 3310172 2.76

a 
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TABLE lOR (CONTD) 
CHANGE IN PRICE : NO.IO 

PANEL C (DESCRIPTIVE STATISTICS) 

GRP VAR N MEAN S.E.MEAN T 

-5 
DIFVOL 

29 
11137 9004 1.24 

SUMVOL 17848 8817 2.02 

-4 
DIFVOL 

78 
870 H06 0.79 

SUMVOL 5698 1234 4.62
a 

-3 
DIFVOL 

372 
-1012 1747 -0.58 

SUMVOL 11781 1831 6.43
a 

-2 DIFVOL 
473 

-3095 2066 -1.50 
SUMVOL 12182 2069 5.89

a 

-1 
DIFVOL 

753 
-1800 863 -2.09 

SUMVOL 10405 861 12.08
a 

DIFVOL 
759 

437 698 0.63 
SUMVOL 10206 777 13.13

a 

2 
DIFVOL 

498 
-730 758 -0.96 

SUMVOL 9733 784 12.41
a 

3 
DIFVOL 

358 
-1 837 -0.00 

SUMVOL . 9457 942 .10.03
a 

4 
DIFVOL 

90 
4284 2356 1.82 

SUMVOL 9286 2652 3.50
a 

5 
DIFVOL 

32 
6087 3398 1.79b 

SUMVOL 8493 3307 2.57 

PANEL D (REGRESSION ANALYSIS:IND.VAR-RELATIVE PRICE CHANGE) 

DVAR DF IVAR PAR. EST S.E.E. T R2 F 

INTRCPT -1261 503 -2.51
b 

DIFVOL 3439 RPRIC~ 138083 74112 1.86 .0032 5.6
a 

RPRICE 15887996 5743747 2.77
a 

INTRCPT 10381 518 20.02
a 

SUMVOL 3439 RPRISf -77567 76399 -1.02 .0003 0.6 
RPRICE 2406462 5921018 0.41 
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TABLE 10 (CONTD.) 

PANEL E (BETWEEN GROUP ANALYSIS-ANOVA: DIFFERENCE OF GROUP MEANS) 

GRP MEANS DF R. S. S. (millions) F R2 

VOLO 3441 5537 1.2 .0032 

VOLl 3441 4015 1.9
b 

.0049 

DIFVOL 3441 12780 2.0
b 

.0052 

SUMVOL 3441 6325 0.9 .0024 

PANEL F (BETWEEN GROUP ANALYSIS:RANKS AND SIGNIFICANCES) 

GROUP RANKS 

VOLO -2 > -3 > -1 > 2 > > 3 > -5 > 4 > -4 > 5 

VOLl -5 > 5 > 4 > -3 > > 3 > -2 > 2 > -1 >-4 

DIFVOL -5 > 5 > 4 > -4 > > 3 > 2 > -3 > -1 >-2 

SUMVOL -5 > -2 > -3 > -1 > > 2 > 3 > 4 > 5 >-4 

GROUP SIGNIFICANCES 

VOLO VOLl 

(-5, 3)b (-5,-Ob 

(_5,_2)b (_S,_4)b 

(-5, 2)b 
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