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This thesis presents three empirical chapters investigating the informativeness of aggregate insider trading activities in the UK’s stock and option markets. Chapter one examines the relationship between aggregate insider trading and stock market volatility. The results suggest a positive relationship between aggregate insider trading and stock market volatility, confirming the hypothesis that aggregate insider trading increases the rate of flow of information into the stock market which in turn increases stock market volatility. Given that insiders also trade for non-informational reasons, we distinguish between informative and noisy insider trades and examine whether they affect stock market volatility differently. We find that only aggregate insider buy trades and medium sized insider trades affect stock market volatility positively.
Chapter two re-examines whether aggregate insider trading can help predict future UK stock market returns. The results suggest that there is information in aggregate insider trading that can help predict future stock market returns. This is due to aggregate insiders’ ability to time the market based on their possession of superior information about unexpected economy-wide changes. We also find that a positive shock in aggregate insider trading causes an increase in future stock market returns two months after the shock. We test whether there is information in medium insider trades that can help predict future stock market returns. The results suggest that medium insider trades, specifically medium insider buy trades can help predict future stock market returns.
Lastly, chapter three explores the relationship between aggregate exercise of executive stock options (ESO) and stock market volatility. Insiders in possession of private information may use their informational advantage to trade in the option markets via their exercise of ESOs which may affect stock market volatility. We find that aggregate exercise of ESOs affect stock market volatility positively. This is due to an increase in the rate of flow of information released via private information motivated exercises which cause prices to move as they adjust to the new information thereby increasing volatility. When executives have private information about future stock performance, they are motivated to exercise and sell stocks post exercise to avoid losses. They are also motivated to exercise and sell only a proportion of their stocks, specifically more than 50% of the acquired stocks and they exercise near the money ESOs. We find that for all these private information motivated reasons to exercise ESOs, stock market volatility is positively affected.
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Insider trading is defined by the Securities and Exchange Commission (SEC) as the buying and selling of stocks by corporate insiders in their own companies. These insider trade transactions must be reported to the financial regulatory bodies. An insider is described as anyone who works in the company or anyone who has access to the company’s private information that could affect stock prices. 
Insiders may have access to private information not yet available to the public, which they may use to trade in their company’s stocks. Consequently, there is a high demand for insider trading information by investors who believe they can benefit from monitoring insider trades (Lakonishok and Lee, 2001). Seyhun (1988) indicated that the public disclosure of aggregate insider trading information can signal subsequent changes in the stock market and explained that insider buy trades signal an increase in the stock market while insider sale trades signal a decline in the market. 
Even though, Seyhun (1992) only concentrated on insider trading activity in the stock market, assuming that insiders’ option exercises are less likely to be private information motivated transactions; McMillan et al (2012) explained that there is a high demand for information regarding insider trading, irrespective of whether insiders trade in their companies’ stocks or their stock options as insiders know more about their companies and investors could benefit from observing the behaviour of insiders.
As a result, we assume that the information released by aggregate insider trading in both the stock and option markets may affect stock market volatility as stock prices adjust to the new information in the market. We also consider whether aggregate insider trading can signal information about future stock market returns.
There exists vast literature on insider trading with studies relating to the fairness of insider trading (see Leland, 1992; Carlton and Fischel, 1983; Manne, 1966); insider trading regulations (see Fishman and Hagerty, 1992); the information content of insider trading (see Gregory et al, 2013; Damodaran and Liu, 1993; Seyhun, 1988, 1986); and how insider trading affects other economic issues like investments, bankruptcy, earning announcements, mergers (see Agrawal and Nasser, 2011; Cao et al, 2004; Seyhun and Bradley, 1997;  Karpoff and Lee, 1991; King and Roell, 1988).
We focus our study to examine how aggregate insider trading activity in the UK’s stock and option markets may affect stock market volatility as well as the ability of aggregate insider trading to help predict future stock market returns. Given that insiders may take advantage of private information to trade in both the stock and option markets, the first two chapters examine aggregate insider trading in the stock market and its effect on stock market volatility and stock market returns respectively, while the third chapter examines aggregate insiders’ exercise decisions in the option market and how this affects stock market volatility.
Specifically, Chapter 1 examines how aggregate insider trading in the UK affects stock market volatility. The volatility of the stock market is important as it helps investors’ decision to save or invest, it is essential for investors’ portfolio diversification and it is also important for pricing of derivative securities. Since insider trading releases new information into the market and stock prices change as they adjust to the new information released, stock market volatility could be affected by aggregate insider trading. On the basis of this, we investigate whether stock market volatility is affected when aggregate insiders trade using private information.
This chapter was motivated by the lack of direct evidence on the relationship between stock market volatility and aggregate insider trading. A study by Du and Wei (2004) indirectly examined the effect of insider trading on stock market volatility across different countries and concluded that insider trading increases new information in the market causing increased movement in prices as they incorporate this information, leading to an increase in stock market volatility. If aggregate insiders trade on the basis of the private information they possess, it is likely that they may affect stock market volatility. This may be via the revelation of new information to the market, which may increase price movements hence increasing stock market volatility. However, there is a possibility that insider trading may decrease volatility. Manne (1966) indicated that insider trading raises the signal to noise ratio by allowing relevant information to be reflected in stock prices faster, thus reducing uncertainty and improving market efficiency.
Considering the above, we contribute to previous literature by empirically examining the relationship between aggregate insider trading in the UK and stock market volatility, using actual aggregate insider trading data. We test for Granger causality to investigate the direction of the relationship between aggregate insider trading and stock market volatility, and we apply the Generalized Autoregressive conditional heteroskedasticity, GARCH (1, 1) model to estimate the relationship between aggregate insider trading activity and stock market volatility
Insiders do not always trade using private information. Insiders may also decide to trade in their company stocks for non-information-related reasons. As a result, we cannot assume that all insiders’ trades are informative. Another contribution of this chapter is we distinguish between those trades that have been identified by past studies as information-related and noisy insider trades and examine their effect on stock market volatility. Lakonishok and Lee (2000), Barclay and Warner (1993), Chowdhury et al (1993) provided evidence that insider buy trades and medium sized insider trades are the informative trades while insider sale trades and small and large trade sizes are noise-related trades. 
We assume that only informative insider trades (insider buy trades and medium sized insider trades) will affect stock market volatility, as only insider trades with private information can cause price movements via an increase in the release of new information to the market. We do not expect non-informative insider trades (insider sales, small and large insider trades) to affect stock market volatility.
Using UK aggregate insider trading data from January 1991 to December 2010, first, we find results suggesting a positive relationship between aggregate insider trading in the UK and stock market volatility. This may likely be due to aggregate insider trading causing an increase in the rate of flow of information into the market, which further increases movements in prices hence increasing volatility. The results are consistent with Du and Wei (2004) who provided indirect evidence of the relationship. 
Secondly, we examine the source of the information-related trades. Our results provide evidence of a positive relationship between aggregate insider buy trades and stock market volatility, whilst insider sales trades are insignificant. This is consistent with previous studies, such as Lakonishok and Lee (2001) who reported that the informativeness of insiders’ trading is mainly from purchases while insiders’ sales have no predictive ability. They explained that insiders sell shares for many reasons (liquidity and non-information-related) but they only buy shares to make money (mostly information-related); hence only insider buy trades would be informative. Chowdhury et al (1993) explained that insider sales are more likely to be liquidity based because they are more frequent than insider purchases; hence insider sales are more likely to be anticipated.
Lastly, our findings of the first chapter suggest a positive relationship between medium sized insider trades and stock market volatility. Specifically, we find that a positive relationship exists between medium insider buy trade sizes and stock market volatility. The findings are consistent with Barclay and Warner’s (1993) stealth trading hypothesis which states that medium sized trades are associated with the largest cumulative stock price impact that is attributable to insider trades.
Chapter 2 re-examines the predictive ability of aggregate insider trading. Insiders have access to private information about their company which is not yet available to the public. We test whether there is information in aggregate insider trades that can help predict future stock market returns. Future stock market return information is important to investors as it can help them make more efficient investment decisions and help them better allocate their resources. Also, Christoffersen and Diebold (2003) indicated that forecasting is important for asset allocation as well as asset pricing and risk management.
 Seyhun (1988; 1986) examined the information content of aggregate insider trading and suggested that the disclosure of aggregate insider trading information can signal subsequent changes in the stock market. Seyhun (1988; 1986) indicated that a rare increase in insider buy transactions can signal an increase in the stock market while a rare increase in insider sale transactions can signal a decline in the stock market. Given that aggregate insider trades can signal a rise or decline in the market, we examine whether aggregate insider trading information can also help predict future stock market returns. We are motivated to re-examine this relationship by mixed results from previous studies about the ability of aggregate insider trading to help predict future stock market returns.
Seyhun (1988) indicated that a potential relationship between aggregate insider trading and economy-wide factors raises the possibility of predicting future stock market returns using aggregate insider trading data. He found a positive relationship between aggregate insider trading and future stock market returns and specified that this is because part of the mispricing observed by insiders’ in their own firms is due to unanticipated changes in macroeconomic factors. Using the information content of aggregate insider trading data to address the possibility of predicting future stock market returns, Seyhun (1992; 1988) provided evidence suggesting that aggregate insider trading has information that can help predict future stock market returns and this is due to aggregate insiders’ ability to identify mispricing about economy-wide activity. Seyhun (1992; 1988) indicated that aggregate insiders buy before stock prices increase and sell before stock prices decrease. Jiang and Zaman (2010) showed evidence suggesting that aggregate insider trading can help predict future stock market returns due to aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow news and discount rate news (superior information hypothesis). 
Chowdhury et al (1993) found results different from Seyhun (1988) and suggested that very little of the mispricing reported by Seyhun is due to unanticipated changes in macroeconomic factors. Chowdhury et al (1993) reported that market returns have a substantial effect on aggregate insider trading, further explaining that if aggregate insiders are motivated to trade because of perceived mispricing, it is conceivable that they may react to market returns. Chowdhury et al (1993) also argued that stock market returns drive aggregate insider trading due to aggregate insiders acting as contrarian investors who react to changes in market returns. Chowdhury et al (1993) showed that aggregate insiders react to stock market returns as they buy stocks after stock prices fall and sell stocks after stock prices rise.
We contribute to this debate by re-examining and empirically testing whether there is information in aggregate insider trading that can help predict future stock market returns, or whether it is stock market returns that drive aggregate insider trading. We use monthly UK aggregate insider trading data and FTAS stock market returns from 1991 to 2010 to implement the vector autoregressive (VAR) Granger causality and impulse response function. Our results support Jiang and Zaman (2010) and Seyhun (1988) suggesting that the predictive ability of aggregate insider trading is due to aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news. We find that an increase in aggregate insider trading causes an increase in future stock market returns two months after.
We also contribute to previous studies on the predictability of aggregate insider trading by distinguishing between information and non-information-related insider trades, and specifically testing whether the information in aggregate insider trading that helps predict future stock market returns varies with the size of insiders’ trades. We test whether there is information in medium sized insider trades that can help predict future stock market returns. Our results confirm the hypothesis, suggesting that there is information in medium insider trades, specifically medium insider buy trades that can help predict future stock market returns. 
Chapter 3 examines aggregate insider trading activity in the option markets. We investigate how aggregate executives’ trading decisions in the UK affect stock market volatility, using exercise data from 2003 to 2008. Insiders may use private information to trade in both stock and option markets. When insiders use private information to exercise their ESOs, new information is released into the market, which could affect stock market volatility as stock prices adjust to the new information. Given the importance of stock market volatility to investors’ decision to save or invest, investors’ portfolio diversification and the pricing of derivative securities, we examine how aggregate ESO exercises could affect stock market volatility.
We are motivated to examine private information in option markets and stock market volatility as past studies like Veenman et al (2011) and Chakravarty et al (2004) reported more informative insider trades in option markets than stock market and showed evidence that the option markets are more attractive to insiders than the stock markets. Back (1993) and Cherian (1993) also argued that investors who possess private information about the future volatility of the stock price may be more attracted to the option market rather than the stock market because they can only make their bet on volatility in the option market[footnoteRef:1]. Past literatures have not particularly examined the effect of private information from insiders’ trades in the option market on stock market volatility. In this regard, we contribute to existing research by aggregating executive exercises in the UK and examining whether private information from these aggregate exercises will affect stock market volatility. [1:  See Chan et al, 2002] 

Previous studies on the exercise of executive stock options (ESOs) have provided evidence suggesting that executives who have access to private information might use this information to time and exercise their ESOs (see Brooks et al, 2012; Veenman et al, 2011; Kyriacou et al, 2010). Executives in possession of valuable private information about future stock performance may decide to exercise their options before maturity, giving up the time value of the option in order to avoid future losses. Precisely, executives exercise and sell stocks when they are in possession of negative private information about future stock performance. Assuming that these exercises may increase the rate of flow of information in the market, causing increased price movements and further increasing volatility, we empirically test how the exercise of ESOs by UK executives affect stock market volatility. 
When we consider all ESO exercises, the results suggest a positive relationship between aggregate ESOs exercises and stock market volatility. Given that executives exercise ESOs for information and non-information-related reasons and assuming that executives with negative private information about future stock prices would exercise ESOs and sell stocks to avoid losses, we distinguish between ESO exercises accompanied by sale of stocks – exercise and sell (informative) and those not accompanied by the sale of stocks – exercise and hold (non-informative). The results suggest that a positive and significant relationship exists between stock market volatility and ESO exercises whereby executives sell acquired stocks post exercise. This confirms Barclay et al (1990) and French and Roll (1986) who explained that volatility is primarily caused by private information revealed via trading by insiders.
Having found evidence of a positive relationship between aggregate executives ESO exercises accompanied by sale of stocks and stock market volatility, we examine the proportion of stocks sold that can actually affect stock market volatility. This is based on previous studies by Brooks et al (2012) and Kyriacou et al (2010) who indicated that when executives have negative private information about future stock performance, they exercise and sell a proportion of their acquired stocks post exercise. Even though Brooks et al (2012) did not specify the proportion of stocks sold that is likely private information motivated, Kyriacou et al (2010) found that when executives exercise and sell part of their acquired stocks, specifically when they exercise and sell more than 50% of their acquired stocks, these exercises are more likely private information motivated.
We examine exercises accompanied by sales whereby only a proportion of the stocks are sold and find evidence of a positive relationship with stock market volatility. Following Kyriacou et al (2010), we partition exercises whereby part of the stocks is sold into more than 50% and less than 50% stocks sold. Similar to Kyriacou et al (2010), we only find evidence of a positive relationship between aggregate ESO exercises and stock market volatility when executives exercise and sell more than 50% of their acquired stocks. We cannot confirm a relationship when executives exercise and sell less than 50% of their acquired stocks.
We also analyse the moneyness of ESO exercises, which is a one of the motivating factors for exercising ESOs when executives have private information, and distinguish between information and non-information-related exercises. Brooks et al (2012) explained that executives in possession of private information would exercise their ESOs when they are near the money to exploit their informational advantage. Near the money exercises are exercises carried out when the stock price is close to the exercise price. Near the money options are relatively expensive to exercise as their time value is highest. Our results support the hypothesis, which states that near the money exercises which are more likely to be motivated by private information affect stock market volatility via the revelation of new information to the market which increases price movement hence increasing volatility.
In the last section, we present conclusions and suggestions as to how to further develop the research in this thesis in ways beyond the current scope of the work.
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Insider trading is defined by the Securities and Exchange Commission (SEC) as the buying and selling of stocks by corporate insiders in their own companies. These insider trade transactions must be reported to the financial regulatory bodies. An insider is described as anyone who works in the company or anyone who has access to the company’s private information that could affect stock prices. This chapter focuses on how aggregate insider trading activity in the UK affects stock market volatility, considering UK company directors as our insiders.
Volatility has been widely studied in many different contexts, some of which include interest rate volatility by Longstaff and Schwartz (1992), Edwards (1998); exchange rate volatility by Andersen et al (2001), Chowdhury (1993); and futures volatility by Daigler (1997). However, our main focus is on stock market volatility.
Stock market volatility is the degree to which stock prices move up and down in the market over time. It has been widely measured, forecasted and studied by Schwert (1990), Pagan and Schwert (1990), Shiller (1987, 1981), just to name a few. Feinstein (1987) defined volatility as the magnitude of price change and identified three different measures of volatility; the percentage change of prices, absolute price change and the standard deviation of returns. The interest in stock market volatility, as documented by Schwert (1990), started with the New York Stock Exchange (NYSE) October stock price crash in 1987 and the price drop in 1989.
Volatility is important to the market as it affects the incentive to save and invest[footnoteRef:2]. Poon and Granger (2003) explained that when volatility is interpreted as uncertainty, it is important to investors for investment decisions and creating portfolios. They explained that investors have a certain amount of risk they can bear, thus a good forecast of volatility of asset prices over an investment holding period is a good start for assessing investment risk. Thirdly, forecasted volatility is essential for the pricing of derivative securities as the volatility of the underlying asset needs to be known until the option expires; the higher stock market volatility, the higher the price of the option. Academics such as Schwert (1989), Shiller (1981) have examined the causes of stock market volatility in different contexts, some of which are outlined below.  [2:  Du and Wei (2004) explained that the more volatile the asset market is, the less market participants would save and invest, and vice versa.] 

Schwert (1989) reported that interest rates, corporate bond return volatility, financial leverage and periods of recession increase stock market volatility. He explained that bubbles in stock prices could introduce additional sources of volatility; stock and bond prices fall before and during recession, leading to an increase in leverage during recession causing volatility of leveraged stocks to increase.
The financial crash of 1987 and more volatile markets have been reported to be as a result of the introduction of derivatives in the financial market, leading to an increase in the research to explore the impact of volatility on the spot market since the crash, (Bhaumik et al, 2008). Previous studies by Antoniou and Holmes (1995), Damodaran (1990), Harris (1989) found a significant increase in volatility with the introduction of futures trading. Although, Antoniou and Holmes (1995) found increased volatility with the introduction of futures trading, they did not find changes to the nature of volatility post futures. They found that volatility changes pre-futures but remains stationary post futures. They explained that the introduction of futures has improved the speed and quality of information flowing to the spot market and suggested that futures’ trading expands the routes over which information can be conveyed to the market.
Chiang et al (2010), Campbell et al (1993), Foster and Viswanathan (1993), Admati and Pfleiderer (1988), Karpoff (1986, 1987), amongst others have studied the relationship between trading volume and volatility. Most of these studies, for example, Mestel et al (2003); Jones et al (1994) and Schwert (1989) found that trading volume causes volatility. Schwert (1989) described different theories which show that trading volume causes volatility. First, he explained that investors with different beliefs and new information will cause both price changes and trading. He also explained that if there is short term price pressure due to illiquidity in secondary trading markets, large trading volume that is predominantly either buy or sell orders will cause price movements. In addition, Jones et al (1994) found that the positive relationship between volatility and trading volume should actually reflect the positive relationship between volatility and number of trade transactions, as they explained that it is the frequency of trade and not the size of the transaction that actually generates volatility. 
As well as the above mentioned factors causing volatility, there has been evidence by Du and Wei (2004) and Leland (1992), showing that insider trading may cause stock market volatility. It is argued that insider trading brings new information to the market and prices react by incorporating this information and adjusting to it, thus causing movement in prices. In addition, Barclay et al (1990) and French and Roll (1986) indicated that volatility is primarily caused by private information revealed through trading by insiders.
Though there is scarcity in the literature as studies have not directly examined insider trading and its impact on stock market volatility, some authors have talked about the impact of insider trading on volatility in their general studies of insider trading. For example, Du and Wei (2004) indirectly examined how insider trading affects stock market volatility across different countries, Leland (1992) looked at the advantages and disadvantages of insider trading and Manne (1966) theoretically discussed insider trading and the stock market. From these past literatures, we gather that insider trading may affect volatility in two ways; insider trading may increase or decrease volatility. Leland (1992) pointed out that when insider trading is permitted, current prices will be more volatile and future price volatility increases. Du and Wei (2004) found that insider trading increases new information in the market causing increased movement in prices as they incorporate this information, leading to increase in volatility. Meulbroek (1992) found more rapid price discovery and stronger volatility due to insider trading while Cornell and Sirri (1992) suggested a strong correlation between insider trading and stock market volatility. Hogan (1989) stated that one of effects of insider trading is it increases volatility in share prices which raises risk assessment of the company shares and debt thus increasing the cost of raising new funds.
On the other hand, insider trading may reduce volatility. According to Manne (1966), insider trading raises the signal to noise ratio by allowing relevant information to be reflected in stock prices faster, thus reducing uncertainty and improving market efficiency. Limiting his concern to long term investors rather than short swing share traders, Manne (1966) went on to say that there is little likelihood for injury from insider trading. He indicated that long term shareholders are rarely adversely affected by insider trading as opposed to short term investors, as the probability is low that insider trading would affect the timing of their transactions (long term) and the corresponding market price. Moreover, in line with Manne (1966), Du and Wei (2004) indicated that even though insider trading may temporarily increase volatility at the time of price adjustment, it should not raise volatility at an approximately long horizon.
To the extent of our knowledge, there is no literature that directly investigates the impact of aggregate insider trading on stock market volatility. Empirically, to the best of our knowledge, a study by Du and Wei (2004) did not use actual insider trading data, but indirectly showed that insider trading increases stock market volatility. They showed that where there is more prevalent insider trading, stock markets are more volatile. The explanation given is that the arrival of new information in the market increases price movement.
Du and Wei (2004) used cross country examination on the role of insider trading in explaining stock market volatility and a new measure of the extent of insider trading obtained from the Global Competitiveness Report[footnoteRef:3] (GCR) in 1997 and 1998. They denoted that the prevalence of insider trading depends on the scope of prohibited behaviour, the penalty and the enforcement of existing laws and regulations. Their measure of volatility is the standard deviation of the monthly stock returns from December 1984 to December 1998. Using the new GCR survey based index of insider trading and the Ordinary Least Squares (OLS) regression, they found that an increase in insider trading is associated with higher market volatility.  [3:  Global Competitiveness Report (GCR) report was developed jointly by the World Economic Forum and Harvard University (1997). Du and Wei (2004) did a survey of corporate officers in approximately 3,000 firms around the world, where one question asked was ‘Do you agree that insider trading is not common in domestic stock market?’ (1=strongly disagree, 7 = strongly agree) where higher value implies more insider trading.
] 
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To further our understanding of the relationship between insider trading and volatility, we empirically examine the relationship using UK aggregate insider trading data from January 1991 to December 2010. For the purpose of this chapter, aggregate insider trading is the sum of all directors’ buying and selling of their company’s stocks per calendar month, summed across all UK firms. This can include different types of trades (buy and sell) and different sizes trade (small, medium and large). We concentrate on UK company directors’ trades and specifically use a different type of volume; insider trading volume. Then, we test for Granger causality to investigate the direction of the relationship and we apply the GARCH (1, 1) model to estimate the relationship between aggregate insider trading and stock market volatility.
Whereas Du and Wei (2004) indirectly examined how insider trading affects volatility, using cross sectional survey data, this chapter contributes to the literature by directly investigating the relationship between aggregate insider trading and stock market volatility. This is new contribution to the literature of insider trading in the UK which has so far not been investigated in similar context. According to Du and Wei (2004), insider trading affects volatility positively; however, they used a perception based measure of insider trading and not actual data. Although motivated by Du and Wei (2004), our approach is different in that we examine the relationship between aggregate insider trading and stock market volatility, using actual UK directors’ insider trades.
Antoniou and Holmes (1995) indicated that an increase in the rate of flow of information increases volatility. He explained that futures trading expand the routes over which information can be delivered to the market, hence increasing information in the market which in turn increases volatility. Similarly, insider trading brings new information to the market, which increases the rate of flow of information. Thus the mechanism by which aggregate insider trading may affect stock market volatility is via the revelation of new information to the market as an increase in the rate of flow of information could increase volatility.
Insiders have access to private information not available to the general public, and could use this information to trade in their own company stocks. However, not all insider trades are informative or have private information, as insiders sometimes trade for liquidity and other non-information-related reasons. For example Lakonishok and Lee (2001) reported that the informativeness of insiders’ trading is mainly from purchases while insiders’ sales have no predictive ability. Chowdhury et al (1993) explained that insider sales are more likely to be liquidity based because they are more frequent than insider purchases; hence insider sales are more likely to be anticipated. Secondly, they mentioned Madhavan and Smidt (1991), who demonstrated that buyer initiated transactions typically, have a greater price impact than seller initiated transactions. 
Barclay and Warner (1993) examined the proportion of a stock’s cumulative price change that occurs in each trade size category. They raised the issue of insiders’ trade size choices, focusing on the implications of insiders’ trade size choices for stock price movements/volatility and indicated that if insiders’ trades are the main cause of stock price movements, then examining the proportion of the cumulative stock price change occurring in each trade size category, should allow them identify which trade size moves prices. They found that most of the cumulative price change (an estimated 92.8 per cent) is due to medium sized trades during the pre-announcement period but none of the cumulative price change occurs on small trades. Lebedeva et al (2013) specified that medium sized trades have a larger permanent impact on prices compared to small and large trades. Insiders break up trades into medium sizes to conceal inside information and take advantage of trading on the private information until it is made public. Trading in medium sizes also hides insider trades with liquidity traders.
It is important to note that Du and Wei (2004) based their analysis on general insider trading and failed to filter out noise-related trades. If the information revealed through insider trades are the main cause of stock price movements, then identifying and separating information-related trades from noise-related trades would allow us identify which type of trades and trade sizes affect volatility. Another contribution to the literature is we identify different filters, from previous literature on the informativeness of insider trades, used to distinguish between informative trades and noise-related trades. We infer that buy and medium sized trades are informative trades but sale, small and large sized transactions are noise-related trades and we test whether volatility is mainly affected by informative insider trades (insider buy and medium sized transactions).
According to Manne (1966), insider trading raises the signal to noise ratio by allowing relevant information to be reflected in stock prices faster. Accordingly, this may reduce volatility as it brings new information in the market, improving information efficiency and reducing uncertainty. We consider signal to be informative trades (insider buy trades) and noise-related trades are insider sale trades. We create variables showing the signal to noise ratio of insider trading and use these variables to examine how the signal to noise ratio affects volatility.
[bookmark: _Toc404097076]In section 1.2 below, we review past literature relating to the relationship between insiders trading and volatility as well as past literature on the informativeness of insider trading and volatility. This is followed by a discussion of the hypotheses to be tested in section 1.3. Section 1.4 describes the data and methodology used to analyse the relationship between aggregate insider trading and stock market volatility. Sections 1.5 discuss the empirical results and Section 1.6 concludes.

[bookmark: _Toc431288203]Literature Review
The mechanism by which insider trading may affect volatility is via the revelation of new information to the market. Insider trading increases the rate of flow of information which may also increase volatility. Insiders have access to private information not available to the general public, and could use this information to trade in their own company’s stocks. In addition, not all insiders’ trades are informative, as insiders sometimes trade for liquidity and non-information-related reasons.
This section is divided into two parts. First, we generally review past literature on insider trading and volatility. Then we discuss literature on informative and noise-related insider trading and volatility.
[bookmark: _Toc404097077][bookmark: _Toc431288204]Literature review on the relationship between insider trading and volatility
Manne (1966) argued that insider trading is beneficial as it is associated with price movement and quick price discovery thereby making the market informationally efficient. He defined market efficiency as the speed and accuracy with which the market integrates new information into stock prices. Manne (1966) specified that, due to the fact that the time required for full exploitation of information by insiders is generally quite short, the odds against any long term investor being hurt by an insider trading on undisclosed information is almost infinitesimally small.
Leland (1992) found that insider trading raises market volatility and causes stock prices to quickly reflect current information in the market thus improving market efficiency in the market. He also specified that with more information in the market, decision makers improve performance as prices reflect better information, and risk is reduced, thereby leading to increase in stock prices and increase in investment. However, Leland (1992) explained that outside traders would invest less as they lose out with insider trading thus they tend to exit the market causing a reduction in market liquidity. To conclude, he pointed out that insider trading is less desirable to outside traders as investment flexibility is reduced, investor risk aversion increases, liquidity trading is more volatile and price volatility increases.
Meulbroek (1992) examined the effect of illegal insider trading on stock prices. Using a previously unexplored data source; illegal insider trading detected and prosecuted by the SEC, she examined the stock price effects of informed trading. Her analysis suggested that insider trading increases stock price accuracy by moving stock prices significantly. She found that insider trading is associated with immediate price movements and quick price discovery. The abnormal price movement on insider trading days is 40 to 50 per cent of the subsequent price reaction to the public announcement of the inside information.
Meulbroek (1992) indicated that the proximity of insider trading to the public announcement suggested that insider trading occurs during periods of high price and volume volatility. She investigated the impact of this volatility on the estimates of price movement on insider trading. She mentioned that one of the concerns of interpreting the abnormal returns on insider trading days is that the events occurring alongside with insider trading and not insider trading itself creates abnormal returns. To be precise, she added that the abnormal returns may either reflect the high price and volume volatility that characterize the period immediately preceding a takeover announcement or a decision by the inside traders to trade on days with high abnormal returns.
Hillier and Marshall (2002) investigated the abnormal returns earned by directors from their insider trades and the timing of their transactions and found that directors’ trades may cause an increase in the volume of trades, and could possibly lead to an increase in return volatility.
Du and Wei (2004) found that where there is more prevalent insider trading, more stock markets are volatile even after controlling for market liquidity, maturity, real output, monetary and fiscal policies volatilities which they considered are factors that could affect market volatility. They carried out a cross country examination on the role of insider trading in explaining the difference in stock market volatility and documented that the effect of insider trading on volatility is quantitatively significant after controlling for the effect of economic fundamentals. They examined insider trading policies of different countries and how these policies varied with reference to what is considered illegal in each country, the penalties, jail terms and enforcements involved in these countries. They mentioned that where insider trading rules are strict and penalties actually enforced, then less insider trading would be carried out.
Du and Wei (2004) showed that the prevalence of insider trading depends on the scope of prohibited behaviour, the penalty and the enforcement of existing laws and regulations. Their study was motivated by a study by Bhattacharya and Daouk (2002) who examined the world price of insider trading by looking at how the existence, and enforcement, of insider trading laws in the stock market affects the cost of equity and found that the enforcement, and not the existence, of insider trading laws matters. However, Bhattacharya and Daouk (2002) focused on the effect of insider trading on cost of equity while Du and Wei (2004) examined how insider trading affects stock market volatility.
Du and Wei (2004) carried out their analysis using the standard deviation of the monthly stock returns from December 1984 to December 1998 as their measure of volatility. Initially, they examined the association of insider trading and the stock market volatility using the information of insider trading laws and the date of prosecution collected by Bhattacharya and Daouk (2002). Their coefficients were all negative thus consistent with the idea that law enforcements of insider trading are associated with lower stock market volatility as there is less insider trading practices thus lower stock market volatility. But they argued that the coefficients are fairly weak as they are not statistically different from zero.
Using the new GCR survey based index of insider trading and the Ordinary Least Squares (OLS) regression, they showed that an increase in insider trading is associated with higher market volatility. They added other control variables such as volatility of real GDP growth, per capita GDP, volatility of exchange rate, number of listed companies, corporate leverage ratio, cash flow risk and Gini coefficient to check if the positive association of insider trading and volatility could be affected by small changes in the specification. Volatility of exchange rate, number of listed companies and corporate leverage ratio are significant but insider trading is still positive and statistically significant at a 10 per cent level. They found results which are consistent with their hypothesis that more insiders trading are associated with higher stock market volatility.
Du and Wei (2004) explained that, in an economy with high stock market volatility, insiders could take this as an opportunity to trade on private information as the effects of their trade would not be very significant and the impacts less visible. Thus they considered that as much as insider trading is said to increase market volatility, there could be a possibility that stock market volatility leads to insider trading.
The above literature gives us an insight of how insider trading relates to volatility. Most of these studies indicate that insider trading is positively related to volatility, as they found that more insider trading increases stock market volatility. As previously mentioned, not all insider trades are related to volatility as some insiders trade for non-informational reasons. The next section reviews literature on the informativeness of insider trading and volatility focusing on different types and different sizes of insider trades.
[bookmark: _Toc404097078][bookmark: _Toc431288205]Literature review on informative and noise-related insider trading
As previously mentioned, not all insiders’ trades are informative, as insiders sometimes trade for liquidity and non-information-related reasons. This section reviews past literature on the informativeness of insider trading and volatility focusing on the informativeness of different types of insider trades (buy and sale) and different sizes of insider trades (small, medium and large). The section is divided into types of insider trades and sizes of insider trades. Inferring from past studies, informative trades are buy and medium sized trades and noise-related trades are sale, small and large trades. 
[bookmark: _Toc404097079][bookmark: _Toc431288206]Types of insider transactions: Insider buy and sale trades
Previous studies by Lakonishok and Lee (2001) provided significant evidence that insider buy transactions are information driven while insider sale transactions are liquidity based transactions. Insiders are expected to buy mostly for informational reasons. However, insiders usually sell for liquidity and not information-related reasons. This is the general view in the literature and has been confirmed by Chowdhury et al (1993) and Lakonishok and Lee (2001). Insider sale transactions are not informative thus are not expected to act as a signal for further sales by outside traders. Hence, insider sales should not, in the aggregate, cause significant price changes. 
Seyhun (1986) denoted that insiders could use their knowledge of inside information to buy stocks before stock prices rise (good news) and sell before stock prices fall (bad news). Manne (1966) previously explained that with good news in the market, the less frequently one sells shares, the better he will fare. Manne (1966) carried on that substantial good news often seems to develop quickly (for example, news of a new product, a favourable merger offer, an important government contract) but bad news may tend to unfold more gradually. Hence if insiders buy before good news and good news develops quickly; in the aggregate, we should expect only insider buy trades to affect volatility and not insider sales. 
Chan and Lakonishok (1993) examined the price effect of institutional trades and found that stock purchases are accompanied by increase in the price of the stocks and the price rise continues even after trade. They confirmed that there is stronger information effect for insider purchases than for insider sales and insider buy trades reflect new information while insider sales indicate liquidity based transactions.
Lakonishok and Lee (2001) examined insider trading activities of all NYSE, American Express (AMEX) and National Association of Securities Dealers Automated Quotations (NASDAQ) companies from 1975 to 1995 and noted that insiders are contrarian investors though they predict market movements better than simple contrarian strategies. They reported that the informativeness of insiders’ trading is mainly from purchases while insiders’ sales have no predictive ability. They found outperformance in firms with extensive insider purchases than firms with extensive insider sales during the prior six months of controlling for size and book-to-market effects of the company.
Jeng et al (2003) constructed a buy portfolio that holds all shares purchased by insiders over a 6-month period and a sale portfolio that holds all shares sold by insiders over a 6-month period. They found that the insider purchase portfolio earns positive abnormal returns on the order of 50 basis points per month while the insider sale portfolio earns no negative abnormal return.
Gidier and Westheide (2011) questioned how insider trading activities are related to the level of information asymmetry in stock prices. Information asymmetry exists because there are inside and outside traders in the market and the inside traders are more informed than the outside traders. They found that corporate insiders are likely to exploit their informational advantage through trading at times of high information asymmetry. With more insiders in the market, there is a resulting higher information asymmetry. 
Gidier and Westheide (2011) considered idiosyncratic volatility as the proxy for the asymmetric information between insiders and outsiders. They used stock market data from the Centre for Research in Security Prices (CRSP) and insider trading data from tax file number (TFN) database, starting in 1992, and computed idiosyncratic volatility using the Capital Asset Pricing Model (CAPM) and Fama-French three factor models. Their regression analysis shows that there exists a strong positive relationship between relative information asymmetry (volatility) and insider trading.
Classifying insider transactions according to their assumed informativeness, they considered that insider buys are more likely to be information driven while insider sales are liquidity and diversification related and analysed whether the importance of measures of asymmetric information differs between buy and sell transactions. Though they based their analysis on individual firms and not the market as a whole, they found that insiders as a whole and insider buys profit from information asymmetry while insider sales are unclear. They confirmed increases in volatility with insider buy transactions.
Roulstone (2013) examined the relation between insider trading and the information content of earnings announcements and found that insider purchases are more profitable and more volatile than overall purchases (both insider and outsider). He reported that insider sales appear to be driven by outside directors and non-top officers as the homogeneous sales for chief officers and Chief Executive Officers (CEOs) continue to be followed by insignificant abnormal returns. He also indicated that for insider buys, abnormal returns are slightly higher when made following an earnings announcement relative to buys before an announcement. He concluded that insider purchases are strongly associated with future earnings announcement news, as compared to insider sales.
[bookmark: _Toc404097080][bookmark: _Toc431288207]Size of insider trades: Small, medium and large trades
Gemmill (1996) examined block trades on the London Stock Exchange under different rules of publication. He examined whether reducing market’s transparency by delaying the publication of block trade prices would impact market liquidity. He indicated that market makers did not like immediate publication but the Exchange suggested that the faster information is revealed to the market at large, the better. The Office of Fair Trading (Office of Fair Trading, 1994), p. 42) argued that large trades have a permanent impact on the level of prices, hence “delayed last trade publication provides market makers undertaking large trades with an informational advantage which can be exploited. However, Gemmill (1996) found that the spreads differ across years and the size of trades relates more closely to the volatility of the market, rather than the speed of the publication. Gemmill (1996) suggested that there is no gain in liquidity from delayed publication.
Barclay and Warner (1993) investigated the effects of stealth trading and volatility. Stealth trading is defined by Lebedeva et al (2013) as a practice by insiders whereby they break up trades into sequences of smaller trades to hide private information about the fundamental stock value. Barclay and Warner (1993) examined the proportion of cumulative stock price change that occurs in each trade size category for NYSE stocks. They made reference to French and Roll (1986) and Barclay et al (1990) who showed empirical evidence that volatility is mainly caused by private information revealed through insider trading. Stock prices would reflect new and available information in the market thus where insider trading is highly practised and new information available quicker, volatility can be higher due to frequent stock prices changes.
Barclay and Warner (1993) argued that informed traders would trade in medium sizes like 500 to 9900 shares. They tested the hypothesis that if privately informed traders concentrate their trades on medium sizes and stock price movements are due mainly to private information revealed through these investors’ trades, then the cumulative stock price change will take place on medium size trades. Their hypothesis is consistent with Kyle (1985) who argued that profit maximising informed traders attempt to conceal their information by spreading trades over time. They referred to previous evidence by Meulbroek (1992, 1990) and Cornell and Sirri (1992) who showed that some traders (insiders) have valuable information during pre-announcement periods which results in large abnormal price increases in tender offer target firms before the initial tender offer announcement. Barclay and Warner (1993) ran their test on tender offer target firms and found results which showed that for the pre-announcement period, medium size trades are responsible for about 92.8 per cent of cumulative price change and none of the cumulative price change occurs on small trades.
Chakravarty (2001) and Lebedeva et al (2013) found results which are consistent with Barclay and Warner’s (1993) stealth hypothesis that medium sized trades are associated with the largest cumulative price impact that is attributable to insider trades.
Chakravarty (2001) provided evidence that medium sized trades are associated with the largest cumulative stock price change. He used audit trail data for a sample of NYSE firms to show that medium sized trades are associated with the largest cumulative stock price change, consistent with the stealth trading hypothesis. They also found that the large price impact of medium sized trades is almost entirely due to trades by institutional traders.
Lebedeva et al (2013) analysed stealth trading by US insiders before and after the Sarbanes-Oxley (SOX) Act and found similar results with Barclay and Warner (1993) before the SOX Acts that insiders who have better access to private information would engage more in stealth trading as it allows them to use their private information more profitably.  They suggested that medium sized trades provide an optimal trade-off between the desired scale of the transaction and the objective to conceal inside information by informed traders, as large trades have a larger price impact making them less profitable and small trades can be ignored. Thus medium trades have a larger permanent impact on prices than small and large sized trades.
Alexander and Peterson (2007) analysed how trade size clustering relates to stealth trading and found that medium sized rounded trades tend to have a greater relative price impact than large rounded trades, confirming that stealth traders attempt to disguise their trades using medium trades.
With the evidence provided above suggesting that the informativeness of insider trades, based on different trade sizes and types of trades and its possible impact on stock market volatility, we carry on by developing empirical test to examine the relationship between aggregate insider trading and stock market volatility. The next section explains the hypotheses used to examine the relationship between aggregate insider trading and stock market volatility and the informativeness of aggregate insider trading.
[bookmark: _Toc404097081][bookmark: _Toc431288208]Hypotheses
Evidence from previous literature reviewed in Section 1.2 above have indirectly and theoretically suggested that aggregate insider trading may impact stock market volatility. This chapter examines the relationship between aggregate insider trading and stock market volatility using actual UK directors’ trading data while applying empirical methods. Here, we present the hypotheses to be tested as we investigate this relationship.
[bookmark: _Toc431288209]Hypothesis 1: Aggregate insider trading positively affects stock market volatility
We test whether aggregate insider trading affects stock market volatility positively. The mechanism by which a relationship may exist between aggregate insider trading and stock market volatility is via an increase in the rate of flow of information from aggregate insider trades into the stock market. As a result, prices move as the market incorporates the new information revealed via aggregate insider trades. Consequently, stock market volatility increases due to movement in prices.
[bookmark: _Toc431288210]Hypothesis 2: Insider buy trades affect stock market volatility
The next hypothesis tests whether stock market volatility is affected by insider buy trades which have been identified as the informative type of insider trades. 
Whereas the previous discussion and hypothesis is focused on insider trading per se, it is important to recognise that the results of previous empirical literature on insider trading have found that not all insiders trading are informative. Particularly, insider buy trades are informative as insiders would buy stocks when they possess significant private information, whereas, insider sale trades are most likely noise-related trades. 
Considering that we only expect stock market volatility to be affected by private information-related insider trades, we hypothesize that only insider buy trades and not insider sale trades affect stock market volatility.
[bookmark: _Toc431288211]Hypothesis 3: Medium insider trades affect stock market volatility
The third hypothesis tests whether only medium sized insider trades, which have also been identified as informative trades, affect stock market volatility. Insiders with private information may most likely trade in medium sizes to conceal their use of private information. Given that we only expect private information-related insider trades to affect stock market volatility, we distinguish between small, medium and large insider trades to verify whether medium sized insider trades affect stock market volatility. We do not expect any effect on stock market volatility from small and large insider trade sizes.
To add more evidence to the informativeness of medium and buy insider trades, we examine which specific medium insider trade type (buy or sale) can affect stock market volatility. We test whether medium sized insider buy trades affect stock market volatility.
[bookmark: _Toc431288212]Hypothesis 4: Signal to noise ratio
We test whether increases in the signal to noise ratio reduces volatility. A slight variant of the previous three hypotheses was suggested by Manne (1966) who designated that the mechanism by which insider trading affects volatility is through the revelation of private information which increases the signal to noise ratio. The signal to noise ratio reduces volatility and uncertainty as there is more relevant information in the market, and efficiency increases.
The signal to noise ratio is defined as the ratio of relevant information to false or irrelevant information. For the purpose of this chapter, and based on the previous discussion, we consider signal to be informative trades (insider buy trades) and noise to be noise-related trades (insider sale trades). We construct a variable that demonstrates the signal to noise ratio of aggregate insider trading and use this variable to examine its effect on stock market volatility. 
Signal to noise ratio = insider buy trades by insider sale trades
where BNOT is the number of insider buy trade transactions and SNOT is the number of insider sale trade transactions. 
In the next section, we describe the data and methodology used to test the hypotheses explained above as we investigate the relationship between aggregate insider trading and stock market volatility in the UK.


[bookmark: _Toc431288213]Data and Methodology
This chapter examines the relationship between aggregate insider trading and stock market volatility. Previous literature have documented that a positive relationship may exist between aggregate insider trading and stock market volatility as a result of aggregate insiders’ trades increasing the rate of flow of information into the market which in turn increases price movements, hence increasing volatility. In this section, we outline and describe the data used to analyse the relationship between aggregate insider trading and volatility and the methodology we use to determine the relationship.
[bookmark: _Toc431288214][bookmark: _Toc404097087]Data 
The purpose of this chapter is to examine the relationship between aggregate insider trading and stock market volatility based on UK directors’ trade transactions. Insider trading data is secondary data accessed from the Directors Deals Global Data and Analysis[footnoteRef:4] and stock price data is accessed from DataStream. We use pivot tables to transform daily insider trading data into monthly data ranging from January 1991 to December 2010 giving a total of 240 observations. Following past studies that have mostly used monthly data, we also use monthly data for our analysis. Fama and French (1988) suggested that long horizon returns (in this case: monthly data) are more predictable. Seyhun (1992) remarked that stock return predictability by insider trades increases with the length of forecasting horizon. Lakonishok and Lee (2001) found insider trading to be informative over longer horizons.  [4:  http://www.directorsdeals.com/] 

We use monthly stock prices obtained from FTAS (Financial Times and Stock Exchange All Shares) index to estimate stock returns. We compute volatility by using stock returns to estimate the conditional variance of the GARCH (1, 1)[footnoteRef:5] model using Eviews 7. The GARCH (1, 1) model is used to estimate conditional volatility due its ability to capture volatility clustering effects in stock returns. Stock prices are transformed into returns using the logs of prices illustrated in the formula below.  [5:  We tried the GARCH (1,1), EGARCH and GARCH in mean models, but only find significant parameter specifications of the models for the GARCH (1, 1) model, hence we present GARCH (1, 1) results.] 


where   denotes returns at time t,   represents stock price at time t and represents stock price at time t-1.
A study by Gregoriou and Hudson (2015) explained the difference between mean returns calculated using logarithmic returns and simple returns. They indicated that mean returns calculated using logarithm is less than simple returns by the amount related to the variance of the set of returns. Consequently, risk calculated using logarithmic returns will systematically differ from those calculated using simple returns. Therefore, higher variance is expected with logarithmic returns than with simple returns.
The GARCH conditional variance equation is as follows: 

where  denotes conditional variance at time t,  is the intercept, stands for the ARCH parameter while  represents the GARCH parameter.symbolises the squared residuals of returns at time t-1 while  signifies the conditional volatility at time t-1 (See Bollerslev, 1986).
Directors’ insider trading data is obtained from Directors Deals Global Data and Analysis which gives up-to-date directors’ dealings from company announcements made public under disclosure regulations. The data consists of a vast range of information relating to trades, for example, announcement dates, transaction dates, names of the directors, directors’ date of birth, the directors’ company, types of security traded in, amount of shares traded, the price of the share, just to name a few.
Considering that directors’ trading volume and stock market volatility are our main interest, only purchase and sale transactions of ordinary shares data are used for the analysis excluding awards, gifts, options and exercise transactions. Any transactions with blanks or zero prices and/or amounts are also excluded from the analysis. Daily transactions are summed to obtain monthly trade transactions for each year. The price of the shares and the amounts traded are multiplied to derive the value of the transaction. Three different measures of insider trading are obtained from the data; these include the amount of stocks traded, the value of the stocks traded and the number of trade transactions in a calendar month.
Buy and sale trade transactions are added up to derive aggregate insider trading. Total amount (TA) is the aggregate amount (volume) of shares traded, total value (TV) is the aggregate value of shares traded and total number of trade transactions (TNOT) is the aggregate number of trade transactions carried out monthly.
Previous studies on trading volume and volatility such as Jones et al (1994) showed that the number of trade transactions can explain volatility better than the amount (volume) and value of trades. Based on Ross (1989) who showed that the variance of price changes is directly related to the rate of flow of information, Jones et al (1994) suggested that the number of transactions may be a more appropriate measure of the rate of flow of information. Harris (1987) also illustrated that the daily transaction count could be a useful instrumental variable for the number of information events and Marsh and Rock (1986) showed that changes in returns and their volatility are more strongly related to number of trades, as opposed to volume.
Also, aggregate insider trading studies such as Seyhun (1992) and Lakonishok and Lee (2001) confirmed that the number of transactions is more informative than the volume of trades. Seyhun (1992) used two measures of aggregate insider trading: the number of shares traded (volume) and the number of insider trade transactions; but reported the results of the number of insider trade transactions. Seyhun (1992) preferred the number of trade transactions and explained that using the number of shares traded puts an equal weight on each share traded; hence favours large transactions proportionately. Seyhun (1992) also indicated that the empirical results using the number of shares traded are qualitatively similar, although smaller in magnitude, since the information content of insiders' transactions does not increase linearly with the number of shares traded. Seyhun (1992) further explained that this is as a result of most small firm insiders being top executive insiders who trade relatively few shares; and in large firms, institutional shareholders trade much larger volumes on less information. Lakonishok and Lee (2001) also indicated that insider trading based on number of transactions is more informative than insider trading based on the dollar volume of trading, although they added that this might be influenced by a few huge transactions.
Another motivation for the use of the number of insider trade transactions is because of the presence of outliers in our data. Using the number of insider trade transactions smooths the data and removes outliers. Therefore, although we construct three measures of insider trading, the main focus will be on the number of insider trade transactions.
Much of the prior literature has suggested that it is informed trading that impacts upon volatility. To this extent, we will attempt to identify the different filters used to distinguish between what are potentially informative trades and those that are not likely to be motivated by private information (that is noise-related trades). The empirical literature on the informativeness of insider trades offers a guide[footnoteRef:6]. The consensus view is that buy and medium sized trades are informative trades while sale, small and large sized trades are not information driven trades. [6:    See Jeng et al (2003) and Lakonishok and Lee (2001)] 

We separate insider buy and sale trades transactions from aggregate insider trading. We have insider buy trading as number of buy trade transactions (BNOT) and insider sale trading as number of sale trade transactions (SNOT). Then we decompose insider buy and sale trade transactions into small, medium and large trade size categories.
There are 85575 daily transactions in total; only 20412 transactions are sale transactions while the remaining 65163 transactions are buy transactions. We decompose trade sizes from buy and sale trades separately. This is because there are 3 times more buys transactions than sale transactions but sale trades have higher trade values than buy trades. Insiders buy more stocks at lower stock prices and sell fewer stocks at higher prices. Therefore, if we derive small, medium and large trade sizes from buy and sale trades summed up together, we would find that there are some months where there is no small sale trade transaction as sale trades have higher values than buy trades. This is further explained in the paragraph below.
Past studies have classified trades into small, medium and large sizes using the original classification by Barclay and Warner (1993). They classified small trades as 100 to 400 shares traded, medium trades as trades between 500 and 9,900 shares and large trades as trades greater than 10000 shares. They used a sample of transaction data for NYSE firms and found that even though a majority of the trades are small size trades, most of the cumulative stock price change is due to medium size trades.
However, we do not use the Barclay and Warner (1993) classification method because we would lose 11% of our observations since we have observations less than 100, between 400 and 500 and between 9900 and 10000. Secondly, they do their classifications based on volume of trades. Information in stock prices will be lost if we classify trade sizes using trade volume as stock prices are not incorporated into trade volume. Therefore, we divide trades into small, medium and large trade sizes according to the value of trades in order to incorporate stock prices. However, we present results based on the number of trade transactions for each trade size.
We follow the Friederich et al (2002) classification for trade sizes. They categorised small trades as any trades less than £5000, medium as trades between £5000 and £70000 and large trades as trades above £70000. Using the percentiles of our data, we attain a similar category, though slightly adjusted. The 20th percentile for our data is £4540 and 80th percentile is £69800. We round up the percentile values to get £5000 and £70000 and conclude small trades as trades less than 20th percentile (£4540 approximately £5000), medium trades as trades between 20th and 80th percentile and large trades greater than 80th percentile  (£69800 approximately £70000). Using this category, medium sized trades have the highest number of observations amounting to 57.5 per cent  of the data, followed by small trades of 22 per cent and large trades of only19.9 per cent of the data. Henceforth we identify small insider trades as Small, medium insider trades as Medium and large insider trades as Large.
[bookmark: _Toc404097090]Table 1.1 below illustrate the preliminary results of descriptive statistics for all monthly data focusing on the skewness, kurtosis and Jacque Bera test results. As may be seen from the skewness coefficient, all variables are skewed to the right. The kurtosis coefficients are 3.0, implying that the distribution of all the variables has fat tails compared to the normal distribution. Jacque Bera test results also show that the hypothesis of normality can be rejected at the conventional 5% significance level for all variables. Table 1.1 also presents standard deviation results for insider trading variables. It is evident that for insider trading variables which have been identified as informative insider trades (insider buy trades, medium sized insider trades and medium sized insider buy trades), standard deviation is higher compared to noisy insider trades (insider sale trades, small and large insider trade sizes, and medium sized insider sale trades). This could be interpreted as informative insider trades being more volatile than noisy insider trades. 
Given that we have more insiders trading in small trade sizes (19318) than large insider trade sizes (17024), the descriptive statistics for large trades are significantly less than the descriptive statistics for small insider trade sizes.

	
	Volatility
	Aggregate insider trading (TNOT)
	Insider buy trades
(BNOT)
	Insider sale trades
(SNOT)
	Small
	Medium
	Large
	Buy medium
	Sale medium
	BNOT/SNOT

	 Mean
	 0.0019
	 356.5625
	 271.5125
	 85.0500
	 80.4917
	 205.1375
	 70.9333
	 165.2417
	 39.8958
	 4.1557

	 Maximum
	 0.0090
	 820.0000
	 725.0000
	 268.0000
	 259.0000
	 497.0000
	 177.0000
	 485.0000
	 178.0000
	 29.0000

	 Minimum
	 0.0006
	 110.0000
	 89.0000
	 14.0000
	 14.0000
	 82.0000
	 12.0000
	 51.0000
	 5.0000
	 0.5726

	 Std. Dev.
	 0.0013
	 124.8978
	 115.0968
	 42.0296
	 51.2738
	 76.6388
	 33.1710
	 74.6799
	 27.3900
	 3.6267

	 Skewness
	 1.8973
	 0.8300
	 1.0309
	 1.1541
	 1.3722
	 1.1116
	 1.0756
	 1.2057
	 1.8182
	 3.37701

	 Kurtosis
	 7.9100
	 3.7099
	 4.1105
	 5.0747
	 4.3868
	 4.3612
	 3.8473
	 4.8709
	 7.6971
	 17.6797

	
	
	
	
	
	
	
	
	
	
	

	Jarque-Bera
	 385.0779
	 32.5954
	 54.8437
	 96.3192
	 94.5489
	 67.9561
	 53.4532
	 93.1546
	 352.8527
	 2611.1030

	 Probability
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000


Table 1.1: Descriptive statistics of stock market volatility and aggregate insider trading variables












Note: These are descriptive statistics for stock market volatility and the variables of aggregate insider trading. This covers a monthly sample period of January 1991 to December 2010. Aggregate insider trading is the sum of all insider buy and sale trade transactions per calendar month.

[bookmark: _Toc431288215]Methodology
In order to investigate the relationship between aggregate insiders trading and stock market volatility. Schematically, we do the following. First, we test for stationarity using the Phillips Perron unit root test. This is followed by the ARCH test to check for the presence of ARCH effect in the variables. Then, we test for Granger causality to investigate the direction of the relationship between aggregate insider trading and stock market volatility and, finally, we apply the GARCH (1, 1) model to estimate the relationship between aggregate insider trading activity and stock market volatility.
The test for stationarity employed is the unit root test developed by Phillips and Perron (1988). We test for stationarity of the data to check that the mean and variance of the data are constant and do not change over time. It is important to check for stationarity of the data as non-stationary data has infinite persistence in shocks which can lead to spurious regression.  A spurious regression shows significant results due to the presence of unit root in the variables. Granger and Newbold (1974) outlined the consequences of a spurious regression as inefficient estimates of the regression coefficients, forecasts based on the regression equations are sub-optimal and usual significance tests on the coefficients are invalid. To avoid these consequences, we check for the presence of unit root in the data before we can proceed to examine the relationship between aggregate insider trading and stock market volatility.
The Phillips and Perron (PP) test is a generalization of the Dickey Fuller procedure that allows for fairly mild assumptions concerning the distribution of the errors. The PP test regression is as follows:

where is the error term; and the null hypothesis is non stationarity. 
For robustness, we present unit root test results using the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) method in the Appendix.
Engle (1982) developed the ARCH test which is a Lagrange multiplier (LM) test for autoregressive conditional heteroskedasticity (ARCH) in the residuals. We use this test to check for the presence of ARCH effect in the residuals of the variables. It is reasonable to implement an ARCH or GARCH type model if we find evidence of the presence of ARCH effect in the data. This is presented in the auxiliary test regression below which shows the squared residuals on a constant and lagged squared residuals up to order.

Where   is the squared residuals. The null hypothesis of no ARCH in the residuals is tested.
Granger causality is a test based on the notion that if y granger causes x, then past values of y should contain information that helps predict x above and beyond the information contained in past values of x alone. Granger causality does not explain the relationship between the aggregate insider trading and stock market volatility, it only helps explain the direction of the relationship between aggregate insider trading variables and stock market volatility. Brooks (2008) explained that Granger causality only means a correlation between the current value of one variable and the past values of others as it simply implies a chronological ordering of movements in the series.


where  and   are volatility and aggregate insider trading activity variables respectively.  is the error term and P is the optimal lag length.
The null hypothesis that aggregate insider trading does not Granger cause volatility is equivalent to testing the restriction that for all i = 1, 2…P.
The GARCH (1, 1)[footnoteRef:7] model developed by Bollerslev (1986) estimates the volatility of returns by assigning weights to the long run variance and has both the ARCH model and the GARCH first order terms present in the conditional variance equation. Antoniou and Holmes (1995) investigated the impact of futures trading on stock market volatility and indicated that an advantage of a GARCH model is it captures the tendency in financial data for volatility clustering. [7:  We tried the GARCH (1,1), EGARCH and GARCH in mean models, but only find significant parameter specifications of the models for the GARCH (1, 1) model, hence we present GARCH (1, 1) results.] 

 The GARCH (1, 1)[footnoteRef:8] variance equation is as follows: [8:  Bollerslev (1986)] 


where  represents volatility,  is aggregate insider trading and  is the constant term. stands for the ARCH parameter, it shows information about volatility from previous period. represents the GARCH parameter which shows persistence in conditional volatility and last period’s forecast variance while  denotes squared residuals of return. is the coefficient of the relationship between aggregate insider trading and stock market volatility. We use the GARCH (1, 1) model to examine the relationship between aggregate insider trading and stock market volatility and can test our hypothesis by examining the significance of  which is the coefficient of aggregate insider trading ().
[bookmark: _Toc404097091]The next section illustrates and explains empirical results obtained from tests above as we examine the relationship between aggregate insider trading and stock market volatility. Phillips Perron unit root test is used to check the stationarity of the data; this is followed by the ARCH tests to check for the presence of ARCH effect. Granger causality is tested to check whether aggregate insider trading granger causes volatility and the GARCH (1, 1) model is applied to estimate the relationship between aggregate insider trading and stock market volatility. 


[bookmark: _Toc431288216]Empirical Results
In this section, we discuss the results from the empirical analyses as we examine the relationship between aggregate insider trading and stock market volatility in the UK. All data analysis and empirical tests are carried out on Eviews 7.
[bookmark: _Toc431288217]Phillips Perron 
We run the Phillips Perron unit root test to check whether volatility and all insider trading variables are stationary. It is necessary for all data to be stationary as it shows that the data has a constant mean and variance which do not change over time. 
Table 1.2: Unit root test results
	Series
	P-values
	T Statistics
	Critical values
	No. of lags

	
	
	
	1%
	5%
	10%
	

	Volatility
	0.0015***
	-16.0503***
	 -3.4577
	 -2.8735
	 -2.5732
	3

	TNOT
	0.0000***
	-9.0820***
	 -3.4577
	 -2.8735
	 -2.5732
	7

	BNOT
	0.0000***
	-7.7749***
	 -3.4577
	 -2.8735
	 -2.5732
	7

	SNOT
	0.0000***
	-7.0440***
	 -3.4577
	 -2.8735
	 -2.5732
	1

	Small
	0.0001***
	-4.8392***
	 -3.4577
	 -2.8735
	 -2.5732
	3

	Medium
	0.0000***
	-10.4002***
	 -3.4577
	 -2.8735
	 -2.5732
	8

	Large
	0.0000***
	-7.2454***
	 -3.4577
	 -2.8735
	 -2.5732
	5

	Buy medium
	0.0000***
	-8.0298***
	 -3.4577
	 -2.8735
	 -2.5732
	7

	Sale medium
	0.0000***
	-6.4110***
	 -3.4577
	 -2.8735
	 -2.5732
	3

	BNOT/SNOT
	0.0000***
	-5.6180***
	 -3.4577
	 -2.8735
	 -2.5732
	5


Note: This table reports the Phillips Perron unit root test results for volatility and insider trading with p-values and t statistics. ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels with a constant. Lag selection based on the Newey-West automatic using Bartlett kernel.	
Table 1.2 presents results from the Phillips Perron unit root test with p-value in parentheses. From table 1.2, it is evident that volatility and all insider trading variables are stationary, as p-values are significant at 1%, 5% and 10% levels, hence the null hypothesis of unit root can be rejected for all the variables. The KPSS results in the Appendix, Table 5.1, also confirm Phillips Perron unit root test results.
[bookmark: _Toc431288218]ARCH test
Next, we test for the presence of ARCH effect in the variables. We run the heteroskedasticity ARCH test on Eviews, using 12 lags as we are dealing with monthly data. The results of the ARCH test for the presence of ARCH effect are presented in table 1.3 below with p-values in parentheses. The null hypothesis of no autocorrelation can be rejected for all variables as all p-values are significant at 1%, 5% and 10% levels, thus rejecting the no ARCH null hypothesis.  The results suggest that it is appropriate to carry on and apply the GARCH (1, 1) model to investigate the relationship between aggregate insider trading and stock market volatility.
Table 1.3: ARCH effect test results 
	Series
	Statistics

	Volatility
	23.5714*** 
(0.0000)

	TNOT
	3.7119*** 
(0.0000)

	BNOT
	3.7732*** 
(0.0000)

	SNOT
	5.2750*** 
(0.0000)

	Small
	15.7110*** 
(0.0000)

	Medium
	3.5494*** 
(0.0001)

	Large
	2.9983*** 
(0.0007)

	Buy medium
	4.8916*** 
(0.0000)

	Sale medium
	6.7768*** 
(0.0000)

	BNOT/SNOT
	8.0401*** 
(0.0000)


Note: This table reports the ARCH test results. ***, ** and * indicate significance at 1%, 5% and 10% levels. The p-values are in parentheses.
[bookmark: _Toc431288219]Granger causality
The ARCH test is followed by the Granger causality model to ascertain the direction of the relationship between aggregate insider trading and stock market volatility. Dimitraki and Menla Ali (2015) indicted that the optimal lag length of the VAR model is often selected based on information criteria such as the Akaike information criterion (AIC), Schwarz’s Bayesian information criterion (SBIC) and the Hannan–Quinn information criterion (HQIC). But, if the VAR model is found to have misspecification, such as serial correlation with a lag selected based on the information criteria we add sufficient lags to remove such misspecification from the model. We run Granger causality based on different lag structures for each specification because we mostly find serial correlation in the VAR of the optimal lag length.
Table 1.4: Granger causality test results
	
	
	

	
	

	 Null Hypothesis:
	
	Probability

	
	
	

	
	
	

	 TNOT does not Granger Cause 
	
	0.0047**

	  does not Granger Cause TNOT
	0.2069

	
	
	

	
	
	

	 BNOT does not Granger Cause 
	
	0.0005***

	 does not Granger Cause BNOT
	0.3223

	
	
	

	
	
	

	 SNOT does not Granger Cause 
	
	0.0609*

	  does not Granger Cause SNOT
	0.1102

	
	
	

	
	
	

	Small does not Granger Cause 
	 
	0.0200**

	  does not Granger Cause Small
	0.8042

	
	
	

	
	
	

	Medium does not Granger Cause 
	 
	0.0002***

	 does not Granger Cause Medium
	0.1046

	
	
	

	
	
	

	 Large does not Granger Cause 
	
	0.0412*

	 does not Granger Cause Large
	0.1347

	
	
	

	
	
	

	Buy medium does not Granger Cause 
	 
	0.0006***

	 does not Granger Cause Buy medium
	0.2860

	
	
	

	 Sale medium does not Granger Cause 
	 
	0.0358**

	  does not Granger Cause Sale medium
	0.5088

	
	
	

	
	
	0.0000***

	 BNOT/SNOT does not Granger Cause 
	
	

	  does not Granger Cause BNOT/SNOT
	0.7677

	
	
	


Note: This table reports the Granger causality test results for volatility and insider trading. ***, ** and * indicate significance at 1%, 5% and 10% levels. Based on specification, the numbers of lags used for Granger causality are lags 2, 9, 10 and 11. 

The Granger causality test results in table 1.4 show that aggregate insider trading (TNOT), insider buy trading (BNOT), insider sale trading (SNOT), small, medium and large sized trades, medium insider buy and sale trades and BNOT/SNOT granger cause volatility but volatility does not granger cause insider trading. This is evident as the hypothesis of aggregate insider trading does not granger cause volatility is rejected for all variables as p-value are significant at 1%, 5% and 10% levels. The granger causality results suggest granger causality from aggregate insider trading to volatility. This also suggests that the direction of the relationship is from aggregate insider trading to stock market volatility. The granger causality results show that past values of aggregate insider trading should contain information that can be used to predict volatility, above and beyond the information contained in past values of volatility alone. Similar explanations can be attributed to insider buy trading and insider sale trading, small, medium and large trade sizes, medium insider buy and sale trades and BNOT/SNOT.
[bookmark: _Toc431288220]GARCH (1, 1)
Having obtained sufficient Granger causality results showing unidirectional causality from aggregate insider trading to stock market volatility, we estimate the GARCH (1, 1) model to show the relationship between aggregate insider trading and stock market volatility. Below we explain the GARCH results obtained and these are displayed in table 1.5 with the p-value in parentheses.
Table 1.5: GARCH estimation results
	GARCH (1,1)
	

	
	
	
	
	

	Hypothesis 1

	Aggregate insider trading (TNOT)
	-0.0142*** (0.0000)
	0.2527**
(0.0254)
	0.3089**
(0.0183)
	0.0028***
(0.0000)

	

	Hypothesis 2

	Insider buy trades
(BNOT)
	-0.0089**
(0.0216)
	0.2461***
(0.0019)
	0.4079***
(0.0042)
	0.0018**
(0.0216)

	Insider sale trades
(SNOT)
	0.0149
(0.6224)
	0.1377
(0.2982)
	0.1862
(0.9157)
	-0.0028
(0.6021)

	

	Hypothesis 3

	Small insider trades
	-0.0013***
(0.0000)
	0.1869**
(0.0169)
	0.7082***
(0.0000)
	0.0017
(0.1365)

	Medium insider trades
	-0.0119**
(0.0150)
	0.2365***
(0.0020)
	0.3762***
(0.0014)
	0.0026**
(0.0125)

	Large insider trades
	-0.0004
(0.4551)
	0.6235***
(0.0036)
	0.7154***
(0.0000)
	9.57E-05
(0.4499)

	

	Medium insider buy trades
	-0.0066***
(0.0000)
	0.2770**
(0.0120)
	0.4240***
(0.0005)
	0.0016***
(0.0000)

	Medium insider sale trades
	0.0082***
(0.0073)
	0.2298**
(0.0141)
	0.4324**
(0.0161)
	0.0003
(0.7661)

	

	Hypothesis 4

	BNOT/SNOT
	-0.0002**
(0.0381)
	0.2913***
(0.0071)
	0.4758***
(0.0000)
	0.0009***
(0.0000)


Note: This table reports GARCH (1 1) results. ***, ** and * indicate significance at 1%, 5% and 10% levels. The p-values are in parentheses.
The results of our first hypothesis from table 1.5 show that a positive and significant relationship may exist between aggregate insider trading (TNOT) and volatility. This is evident from the p-value of the coefficient of the aggregate insider trading (), which is significant at 1%, 5% and 10% levels. The results are consistent with our hypothesis and the findings of previous literature by Leland (1992) and Du and Wei (2004) who found that there is a positive relationship between aggregate insider trading and stock market volatility; an increase in aggregate insider trading can lead to an increase in stock market volatility.
Our second hypothesis tests whether insider buy trades which have been identified as informative can affect stock market volatility. The results displayed in table 1.5 show that insider buy transactions appear to have a positive and significant effect on stock market volatility as evident from the p-value of which is significant at 5% and 10% levels, but insider sale transactions seem to have no impact on stock market volatility (the p-value is greater than 1%, 5% and 10% levels of significance hence the null hypothesis of no significance is accepted). Our results appear to be consistent with previous studies by Lakonishok and Lee (2001) who reported that the informativeness of insiders’ trading is mainly from purchases while insiders’ sales have no predictive ability. They explained that insiders can sell shares for many reason but insiders mainly buy shares to make money, therefore only insider buy trades are information-related. Chowdhury et al (1993) explained that insider sales are more likely to be liquidity based because they are more frequent than insider purchases; hence insider sales are more likely to be anticipated.
The third hypothesis tests whether medium insider trades, which have been identified as informative trades, can affect stock market volatility. As evident from table 1.5 above, only the p-value of medium insider trades is significant at 5% and 10% levels, suggesting that only medium sized insider trade transactions seem to have a positive and significant effect on stock market volatility but no significant impact with small and large trade sizes. The results for all trade sizes are consistent with Barclay and Warner (1993) who found that medium sized trades are responsible for 92.8 per cent of stock price movement and no cumulative price change with small trades.
We separate the buy and sale trades according to medium trade sizes and test whether it is only medium insider buy trades that can affect stock market volatility given that medium and insider buy trades have been identified as the informative trade type and size. The results in table 1.5 suggest that only medium sized insider buy transactions seem to have a positive and significant impact on stock market volatility, as the p-value is significant at 1%, 5% and 10% levels. These results are in line with Lakonishok and Lee (2001) and Barclay and Warner (1993) who showed that buy and medium sized trades are informative. The results suggest that the informativeness of medium insider trades is specifically from aggregate insider traders buying in medium sizes. 
Our final hypothesis tests the signal to noise ratio hypothesis by Manne (1966), who indicated that the mechanism by which insider trading affects volatility is through the revelation of private information which increases the signal to noise ratio, hence lowering volatility and uncertainty as there is more relevant information in the market and market efficiency increases.
The results in table 1.5 show that the signal to noise ratio has a positive and significant effect on stock market volatility as the p-value is less than 0.05. This is different from Manne (1966) who rather suggested that more insider trading increases the signal to noise ratio leading to a fall in volatility as new and relevant information is quickly disclosed in the market and uncertainty is reduced. However, this is consistent with our previous hypothesis which suggests that an increase in the rate of flow of information from aggregate insider trades into the stock market increases stock market volatility as stock prices incorporate the new information revealed via aggregate insiders’ trades.


[bookmark: _Toc404097096]

[bookmark: _Toc431288221]Conclusions
This chapter examined the relationship between aggregate insider trading in the UK and stock market volatility. So far, this has not been directly investigated in the UK but, in a worldwide study, Du and Wei (2004) indirectly found that insider trading affects volatility. However, there is ambiguity in the literature relating to whether insider trading affects volatility positively or negatively.
We considered aggregate insider trading as the sum of all insider buy and sales trades per month across UK firms. From our empirical analysis, it seems that there is a positive relationship between aggregate insider trading and stock market volatility; stock market volatility increases when there is more aggregate insider trading practices and vice versa. This is in line with Du and Wei (2004) who found that aggregate insider trading, per se, positively affects stock market volatility. This could be as a result of aggregate insider trading releasing new information into the market, stock prices incorporating and adjusting to the new information, causing movement in stock prices and increasing stock market volatility. Overall, the results suggest that it is only insider trades which have been identified as informative insider trades (insider buy trades, medium insider trades and medium insider buy trades) that can affect stock market volatility.
Also, the findings suggest granger causality from aggregate insider trades to stock market volatility. This implies that there is information in aggregate insider trades that can help predict future stock market volatility, above and beyond past values of stock market volatility. This could be useful for investors who are interested in predicting future stock market volatility.
The main contribution of this chapter is to filter out noise trading from aggregate insider trading and examine if volatility is mainly affected by informative insider trades or noise-related trades. Previous studies (Lakonishok and Lee, 2001; Barclay and Warner, 1993) have identified insider buy trades and medium sized insider trades as informative insider trades and sales, small and large sized trades as noise-related insider trades. We use these classifications to verify if it is informative insider trades that affect stock market volatility.
The results show that insider buy trades mainly affect stock market volatility but insider sale trades do not seem to have any impact on volatility. This is consistent with Lakonishok and Lee (2001) who found insider buy transactions to be informative while insider sales transactions have no predictive ability.
Our results according to insider trade sizes show that stock market volatility is positively and significantly affected by medium sized trades while there is no impact from small and large sized trades, as confirmed by Barclay and Warner (1993). When we separate medium insider trades into buy and sale trades, only medium insider buy trades affect stock market volatility, with no impact from medium insider sale trades. This gives more emphasis to hypothesis 2 which show that only insider buy trades have an impact on stock market volatility.
Our results from the signal to noise ratio analysis do not confirm Manne (1966) who found that the signal to noise ratio reduces volatility as the market is more informationally efficient and uncertainty is reduced. According to the analysis, signal is informative insider trades (insider buy trades) and noise-related insider trades are insider sale trades. The results suggest a positive and significant relationship between informative insider trades and volatility, this could explain why our results show an increase in stock market volatility with the signal to noise ratio.
[bookmark: _Toc404097097][bookmark: _Toc403902135]This chapter concentrates on aggregate insider trading by directors in the UK. There is a lot more research on US insider trading than there is on UK insider trading. However, the US studies are not in similar context. Further research can be done in a similar context on the US, other developed countries, emerging markets as well as developing countries to verify if related results would be achieved. The empirical evidence of this chapter suggests that aggregate insider trading does affect the volatility of stock market positively. While setting insider trading regulations, it might be worthwhile to consider its effect on stock market volatility.
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Owing to the nature of their jobs, corporate insiders have access to information that is not yet reflected in stock market prices nor is publicly available to outside market participants. Assuming that insiders may take advantage of private information to trade, the disclosure of insiders’ trades could be informative to outside investors. Because of this, there is a high demand for insider trading information by investors who believe they can benefit from monitoring insider trades (Lakonishok and Lee, 2001).
The information content of insider trades has been widely studied over the years and studies have found that insiders are better informed and earn abnormal returns (Lakonishok and Lee, 2001; Rozeff and Zaman, 1988; Seyhun, 1988; 1986). These studies examined the relationship between insider trades and stock returns at the firm level (Piotroski and Roulstone, 2005) and aggregate level (Jiang and Zaman, 2010; Chowdhury, et al, 1993; Seyhun, 1992; 1988). We examine the relationship between aggregate insider trading and stock market returns, considering whether there is information in aggregate insider trading that can help predict future stock market returns (Seyhun, 1988) or whether aggregate insider trading reacts to stock market returns (Chowdhury et al, 1993).
The main study of interest is one by Seyhun (1988) who examined the information content of aggregate insider trading by insiders in their own firms. Bearing in mind that multiple factors affect the prospects of the firm simultaneously and insiders’ trades are in response to all factors (firm specific, industry wide and economy-wide) affecting stock returns; insiders cannot always distinguish between the effects of firm specific and economy-wide factors. Therefore, Seyhun (1988) indicated that it is relevant to analyse aggregate insider trading as one can potentially uncover the effects of economy-wide factors not yet reflected in stock prices. Seyhun (1988) indicated that the relationship between aggregate insiders’ trades and stock market returns do not require insiders to be able to identify the source of the mispricing as aggregate insiders are only expected to observe a change in their firms’ cash flows and trade on the basis of their observations.
There is previous evidence that corporate insiders observe mispricing in their own firms and trade on the basis of their observations. Below is an example, as illustrated by Seyhun (1988), to better understand the mispricing observed by insiders. Seyhun (1988) indicated that insiders have full knowledge of the intrinsic value of stock prices and they observe current prices. He assumed that an insider observes increased sales orders of his firm’s stock and expects future cash flows to increase owing to increased sale orders and purchases his firm's stock. Also, Seyhun (1988) assumed that the increase in sales orders is due to a general increase in economy-wide activity, therefore stock prices will increase when the increase in economy-wide activity is subsequently recognised by the market. Seyhun (1988) explained that as the insider purchased stocks before the increase to the stock market, his stock purchases will have forecasted the positive return to the stock market. Therefore, there will be a positive relationship between the insider’s transaction and stock return; insiders would buy stocks before stock prices increase and sell stocks before stock prices decrease. Seyhun (1988) went on to explain that at the aggregate level, a positive relationship would exist between aggregate insider trading and stock market returns because aggregate insiders observe and trade on the basis of a mispricing which is common to all firms and is due to unanticipated changes in economy-wide activity not yet reflected in stock prices. However, Seyhun (1988) explained that if the insider’s purchases had been due to a firm specific improvement, then no relationship between the insider’s transactions and stock returns would be expected. At the aggregate level, insiders' transactions in each firm will cancel out, and aggregate insider trading should not forecast future market returns.
Seyhun (1988) found a positive relationship between aggregate insider trading and future stock market returns. Using the previous example, he explained that this is because part of the mispricing observed by insiders’ in their own firms is due to unanticipated changes in macroeconomic factors. He indicated that a potential relationship between aggregate insider trading and economy-wide factors raises the possibility of predicting future market returns using aggregate insider trading data. He used the regression analysis and information content of aggregate insider trading data to address the possibility of predicting future stock market returns and his results showed that aggregate insider trading has information that can help predict future stock market returns.
However, there are contrasting results about the information content of aggregate insider trading and its ability to predict future stock market returns. Chowdhury et al (1993) found results suggesting that very little of the mispricing reported by Seyhun (1988) is due to unanticipated changes in macroeconomic factors. They reported that in fact market returns have a substantial effect on aggregate insider trading, explaining that if aggregate insiders are motivated to trade because of perceived mispricing, it is conceivable that they may react to market returns. According to Chowdhury et al (1993), aggregate insiders act as contrarian investors who react to price changes and buy stocks after a fall in prices and sell stocks after a rise in price. Hence they assumed that the ability of aggregate insider trading to help predict future stock market returns is due to insiders’ contrarian beliefs and not as a result of insiders using their superior knowledge to trade (i.e. insiders observing mispricing and trading on the basis of their observations).  They explained that noise trading may drive prices away from the intrinsic values even with the absence of the arrival of new information. In this case, insiders may perceive a fall (rise) in stock prices as an undervaluation (overvaluation) and buy (sell) stocks, portraying them as contrarian investors. Chowdhury et al (1993) went on to say that, to the extent that noise trading is a market wide phenomenon, a relationship in which market returns predict aggregate insider trading would be expected (aggregate insider trading reacts to market returns).
One motivation of this chapter as indicated by Seyhun (1988) is that a potential relationship between aggregate insider trading and economy-wide factors raises the possibility of predicting future stock market returns using aggregate insider trading data. Another motivation of the chapter is the inconclusive nature of the results obtained by previous research about the information content in aggregate insider trading and its ability to help predict future stock market returns. This chapter examines whether there is information in aggregate insider trading that can help predict future stock market returns (Seyhun, 1988) and/or whether aggregate insider trading reacts to stock market returns (Chowdhury et al, 1993). Thus we simultaneously test whether the information content of aggregate insider trading is due to aggregate insiders’ ability to identify and trade on the basis of a mispricing which is due to unanticipated changes in economy-wide activity not yet reflected in stock prices or aggregate insiders’ contrarian investment strategy.
Also, this chapter is motivated by some findings of Chapter One which suggest that there is information in aggregate insider trading that can help predict future stock market volatility above and beyond past values of stock market volatility. Therefore, based on these findings, we intend to examine whether the information in aggregate insider trading can also help predict future stock market returns.
Barclay and Warner (1993) raised the issue of insiders’ trade size choices and focused on the implications of insiders’ trade sizes for stock price movements. Based on Barclay et al (1990) and French and Roll (1986) who showed that volatility is primarily caused by private information revealed through trades, Barclay and Warner (1993) argued that if insiders’ trades are the main cause of stock price movements, examining the proportion of a stock’s price change that occurs in each trade size would allow them identify which trade size moves prices most. Hence, they developed the stealth trading hypothesis which states that if privately informed traders concentrate their trades in medium sizes, and if stock price movements are due mainly to private information revealed through these insiders’ trades, then most of a stock’s cumulative price change will take place on medium size trades.
Lebedeva et al (2013) defined stealth trading as the strategy to break up trades into smaller trades sequences. They reported that insiders commonly break up trades into two to ten smaller transactions. Lebedeva et al (2013) specified that medium sized trades have a larger permanent impact on prices compared to small and large trades. Insiders break up trades into medium sizes to conceal inside information and take advantage of trading on the private information until it is made public. Trading in medium sizes also hides insider trades with liquidity traders.
We contribute to the literature in this area by testing whether the information in aggregate insider trading that helps predict future stock market returns varies with the size of insiders’ trades. We re-examine Barclay and Warner’s (1993) stealth hypothesis, whereby they assumed that medium sized trades are informative trades and test whether medium insider trades have information that can help predict future stock market returns. To the best of our knowledge, the choice of insiders’ trade size has not been addressed in similar context. Based on the findings of Seyhun (1988) that aggregate insider trading is positively related to future stock market returns when insiders observe and trade on the basis of mispricing due to changes in economy-wide factors and the stealth trading hypothesis by Barclay and Warner (1993) that medium sized trades are informative trades, we only expect medium insider trades due to economy-wide mispricing to have information that can help predict future stock market returns. Further, we would not expect medium insider trades due to firm specific mispricing to help predict future stock market returns. In addition, we also would not expect insiders’ trades in small and large trade sizes (non-informative trade sizes) to help predict future stock market returns.
Given that we cannot distinguish the origin of the mispricing a priori, we are motivated by Jiang and Zaman (2010) and use expected returns, unexpected cash flow news and unexpected discount rate news to test whether aggregate insider trading drives returns or market returns drive aggregate insider trading. Unexpected cash flow news and discount rate news control for aggregate insiders’ ability to identify and trade on the basis of economy-wide mispricing (Jiang and Zaman, 2010; Seyhun, 1992; 1988), while expected returns controls for aggregate insiders’ contrarian investment behaviour (Chowdhury et al, 1993).
 Lakonishok and Lee (2001) indicated that when examining the predictive content of insider trading, it is important to adjust and control for insiders’ contrarian nature as insiders have the ability to act as contrarian investors. They included prior two year ahead holding period returns in their regressions to adjust for past market movements. Similarly, we include two months past expected returns to control for aggregate insiders’ contrarian investment behaviour. 
We re-investigate whether the information content of aggregate insider trading helps predict future stock market returns (Seyhun, 1988) or whether there is information in returns that aggregate insider trading reacts to (Chowdhury et al, 1993). To do this, we use monthly time series aggregate insider trading data of UK company directors[footnoteRef:9]’ trades from January 1991 to December 2010[footnoteRef:10]. For the purpose of this chapter, aggregate insider trading is the sum of all directors’ buying and selling of their company’s stocks per calendar month, summed across all UK firms. We apply the vector autoregressive (VAR) model as considered by Jiang and Zaman (2010), to run VAR Granger causality and impulse response functions for our analysis. The VAR Granger causality gives information about the direction of the relationship between aggregate insider trading and stock market returns.  [9:  We find evidence from Jiang and Zaman (2010), that insiders in the management group (Chief Executive Officers, Chief Finance Officers, and Chairmen of the Board, Directors, Officers, Presidents, and Vice Presidents) with direct access to information about the firm’s future prospects portrayed a stronger relationship between insider trading and future market returns, using their superior information hypothesis.]  [10:  Lakonishok and Lee (2001) found insider trading to be informative over longer horizons. Seyhun (1992) remarked that stock return predictability by insider trades increases with the length of forecasting horizon. Fama and French (1988) suggested that long horizon returns (in this case: monthly data) are more predictable. ] 

Following Jiang and Zaman (2010) and Seyhun (1992, 1988), we test the hypothesis that aggregate insider trading has information that can help predict future stock market returns, and that this is due to aggregate insiders’ ability to identify mispricing about economy-wide activity and their ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news (superior information hypothesis). If the results show that aggregate insider trading granger causes stock market returns and there are significant granger causality coefficients of only unexpected cash flows news and unexpected discount rate news, then we can conclude that aggregate insider trading drives stock market returns (there is information in aggregate insider trading that can help predict stock market returns). We then run the impulse response functions to support and add evidence to the VAR Granger causality results.
Based on Chowdhury et al (1993), we also test whether aggregate insider traders react to stock market returns due to aggregate insiders’ contrarian behaviour. If we find granger causality from returns to aggregate insider trading and significant granger causality coefficients of only past expected returns, then we can conclude that aggregate insider trading reacts to stock market returns (there is information in stock market returns that can help predict aggregate insider trading). Similarly, we run the impulse response functions to support and add evidence to the VAR Granger causality results.
This chapter is organized as follows. Section 2.2 reviews past literatures on the predictive ability of aggregate insider trading and stock market returns. Section 2.3 discuss the hypotheses we test to determine whether aggregate insider trading drives market returns or if it is the market’s expectation of return that drive aggregate insider trading. Data and methodology are described in Section 2.4 with illustrations of descriptive statistics. We report and discuss the empirical results in section 2.5 and section 2.6 concludes.
3.1. [bookmark: _Toc405527718][bookmark: _Toc413160593][bookmark: _Toc413161603][bookmark: _Toc413307180][bookmark: _Toc416165361][bookmark: _Toc417573314][bookmark: _Toc422345655][bookmark: _Toc431288229][bookmark: _Toc403902142][bookmark: _Toc404097104]


[bookmark: _Toc431288230][bookmark: _Toc403902143][bookmark: _Toc404097105]Literature review
In this section, we review past studies that examined the predictive content of aggregate insider trades as a result of insiders’ possession of superior information or aggregate insiders acting as contrarian investors. We further review studies who examined aggregate insiders’ trade sizes, bearing in mind that not all trades are informative and considering medium insider trade sizes as the informative trade size.
[bookmark: _Toc431288231]Aggregate insiders trading due to superior information
There is an increase in demand for insider trading information because outside traders think that it is beneficial to monitor what insiders are doing as they have superior information about their companies not known to the public.
The information content of aggregate insiders’ trades is a topic of great interest. Seyhun (1988) examined the information content of aggregate insider trading by insiders in their own firms and indicated that corporate insiders’ trades are in response to all factors (firm specific, industry wide and economy-wide) affecting stock returns, thus analysis of aggregate insider trading can potentially uncover the effects of economy-wide factors not yet reflected in stock prices. Seyhun (1988) used the information content of aggregate insider trading to address the possibility of predicting future stock market returns.
Seyhun (1988) found a positive relationship between aggregate insider trading and future stock market returns, where aggregate insiders buy before increase in prices and sell before fall in prices. He explained that insiders can identify mispricing in their own firms and trade on the basis of this mispricing. If part of this mispricing observed by insiders is due to unanticipated changes in economy-wide factors not yet reflected in stock prices, then a positive relationship between aggregate insider trading and future stock market returns is expected. However, if the mispricing observed by insiders is due to firm specific reasons, then no relationship between aggregate insider trading and future stock market returns is expected. This is because, at the aggregate level, insiders' transactions in each firm will cancel out, and aggregate insider trading should not forecast future market returns.
Seyhun (1988) reported that if part of the mispricing observed by insiders in their own firms is due to economy-wide factors, then the market risk[footnoteRef:11] of the firm would affect insider trading. He explained that in firms characterised by greater market risks, insiders would more likely trade on the basis of mispricing due to economy-wide factors; but in firms with less market risk, insiders would more likely observe and trade on the basis of firm specific mispricing. Hence, he stated that the strength of the relationship between aggregate insider trading and stock market movements is predicted to be positively related to the market risk of the firm.  [11:  Seyhun has two measures of the market risk of the firm: the slope coefficient (BETA) from the market model and the proportion of the variance of the return to the firm explained by the market portfolio.] 

Seyhun (1988) used open market buy and sale insider transactions from January 1975 to October 1981. He used the net number of transactions by insiders (the difference between the numbers of purchases minus the numbers of sales) in each calendar month as the measure of aggregate insider trading[footnoteRef:12] and regression analysis to examine the relationship between aggregate insider trading and returns. His dependent variable is excess return to the market portfolio (the difference between the monthly return to the market portfolio and the one month Treasury bill returns). He found that an increase in (current) aggregate insider trading is associated with increase in future excess returns. [12:  Seyhun (1988) standardised aggregate insider trading because standardization ensures that each firm gets approximately the same weight in the aggregate insider trading measure, thereby guarding against the possibility that a few firms receiving undue weight in the results. Standardisation smooths out some of the informative variation in insider trading measures (Seyhun, 1992). He standardised by subtracting the mean and dividing by the sample standard deviation of net number of transactions over the 82 calendar months between January 1975 and October 1981 , then summing across firms for each firm size group.] 

Seyhun (1988) conducted additional tests to examine the sensitivity of the results to statistical methodology. Using the total return to the equally weighted market portfolio or the total return to the value weighted market portfolio as the dependent variable gives similar results (positive relationship between aggregate insider trading and future stock market returns). He found changes in aggregate insider trading approximately 2 months before changes in excess returns to market portfolio. He explained that insiders observe the effect of unanticipated changes in economy-wide factors in their firms before other market participants. Seyhun (1988) confirmed the positive relationship between aggregate insider trading and future market returns; insiders buy before fall in prices and sell before rise in prices.
A later study by Seyhun (1992) provided new evidence on the degree to which stock returns are predictable. He found that aggregate insider trading predicts approximately 60 per cent of the variation in one year ahead aggregate stock market returns. He examined whether aggregate insider trading is able to predict future stock market returns as a result of changes in business conditions (cash flow hypothesis) or movement away from the fundamentals (fads hypothesis). He found that changes in business conditions contribute to the predictive ability of aggregate insider trading because aggregate insider trading is positively related to changes in future real activity; though not all aggregate insiders trading predictability is attributed to business conditions.
Seyhun (1992) used cross sectional test using market risk, past stock returns and firm size to check whether they would affect the predictive ability of aggregate insider trading but found that these variables corroborate the finding that aggregate insider trading is a separate predictor of future stock market returns. The predictive ability of aggregate insider trading is maintained when past stock returns, market risk and firm size are added as additional predictors of future stock market returns. Seyhun (1992) found that the predictive ability of aggregate insider trading is greater than the predictive ability of dividend yield, market risk, past stock returns and firm size. 
He explained the methods by which aggregate insider trading can predict market returns, the cash flow hypothesis and the fads hypothesis. The cash flow hypothesis assumed that corporate insider can identify future cash flows in their own firms prior to other market participants. If changes in cash flows are due to economy-wide activity, then insiders in all firms will observe similar signals in their own firms and trade in a similar direction. As other market participants recognise the changes in economy-wide cash flows, all firms’ stock prices tend to adjust, hence aggregate insider trading will predict future real activity and future stock market returns. Seyhun (1992) tested the cash flow hypothesis by examining the correlation between aggregate insider trading and future growth rates of after tax corporate cash flow, Index of Industrial Production (IIP) and Gross National Product (GNP) and suggested that the cash flow hypothesis predicts a positive relationship between aggregate insider trading and variables that measure future real activity (after tax corporate cash flow, IIP and GNP).
The fads hypothesis by Seyhun (1992) suggested that stock prices can deviate away from the fundamental values. Insiders notice that current prices differ from fundamentals as they have information about fundamentals and can observe current prices. If the mispricing is market wide, then aggregate insider trading predicts future market returns, but if mispricing is firm specific, then insiders' transactions in each firm will cancel out, and aggregate insider trading should not forecast future market returns.
Seyhun (1992) used open market insider trade transactions from January 1975 to December 1989. He classified data into different firm size quintiles and noticed that smaller firms insiders are more active. He used net number of insider transactions as the measure of aggregate insider trading and the ordinary least square (OLS) regression model for the analysis.
Seyhun (1992) found that aggregate insider trading has significant predictive ability of future stock market returns to portfolios of firms and he concluded that the degree of predictive ability of aggregate insider trading is greater than previously reported by Seyhun (1988). He reported that aggregate insider trading is correlated to future stock market returns up to 20 months in advance but negatively correlated with current and immediate past returns. His overall evidence suggested that both changes in business conditions and movements away from fundamentals contribute to the information content of aggregate insider trading (the predictive ability of aggregate insider trading).
Previous researches on the predictive ability of aggregate insider trading and future stock market returns do not explicitly examine the source of the predictability. Hence, Jiang and Zaman (2010) decomposed realized market returns into expected returns, unexpected cash flow news and unexpected discount rate news (Campbell’s, 1991 decomposition), in a VAR model framework, to help distinguish whether the relationship between market returns and aggregate insider trading is due to contrarian strategy or superior knowledge. 
Jiang and Zaman (2010) explained the two sources of aggregate insider trading predictability, superior knowledge and contrarian strategy. Superior knowledge is the ability of insiders to observe and trade on the basis of mispricing due to unanticipated changes in economy-wide factors not yet reflected in stock prices (Seyhun, 1988)[footnoteRef:13]. It is a situation whereby insiders use their informational advantage to time the market and trade. Jiang and Zaman (2010) explained that with superior information hypothesis, aggregate insider trading is positively related to unexpected changes in future cash flow and discount rate news. [13:  Seyhun (1988) explained that insiders identify mispricing in their firms and trade on the basis of the mispricing. If the mispricing is due to firm specific reasons, then no relationship between aggregate insider trading and future stock market returns is expected. If the mispricing is due to unanticipated changes in economy-wide factors, then a positive relationship between aggregate insider trading and future stock market returns is expected.] 

On the contrary, contrarian investment strategy is a situation whereby noise traders drive prices away from the fundamentals even in the absence of new information (Chowdhury et al, 1993). Insiders perceive overvaluation (undervaluation) and sell (buy). If noise trading is a market wide phenomenon, then market returns are expected to predict aggregate insider trading. If firm specific noise trading, then no relationship is expected between aggregate insider trading and market returns. Jiang and Zaman (2010) explained that if the predictive ability of aggregate insider trading is due to contrarian strategy, then aggregate insider trading is negatively related to past expected returns.
From their definitions of contrarian and superior information, there is a relationship between aggregate insider trading and stock market returns under both superior information strategy and contrarian investment strategy. The only difference is with superior information hypothesis; aggregate insider trading predicts future returns while aggregate insider trading reacts to returns (returns predict aggregate insider trading) with contrarian strategy.
Jiang and Zaman (2010) indicated that it is important for market participants to be able to distinguish between the two sources of the predictability of aggregate insider trading. They explained that if insider trading is due to contrarian strategy, then in the aggregate, insider trading would not provide any new information about future economy-wide activity, but would imply market overreaction (under reaction) and consequently lead to market correction. But if insiders are trading on the basis of information-related to unanticipated changes in future cash flows, then aggregate insider trading will predict future real economic activities and future market returns.
Jiang and Zaman (2010) used quarterly open market insider trades of the Securities Exchange Commission (SEC) Ownership Reporting System (ORS) from January 1975 to December 2000. They used aggregate number of insiders buy transactions minus aggregate number of insiders sale transactions divided by total aggregate number of insider trade transactions (buys plus sales) over the number of firms with insider trading in each quarter as their measure of aggregate insider trading. They used log of returns on equities as their measure of returns. 
They found no relationship between aggregate insider trading and realized market returns before decomposition. After decomposing realized returns into expected market returns, unexpected cash flow and discount rate news, they found a significant relationship between aggregate insider trading and future aggregate cash flow news and expected market excess returns. They reported a stronger relationship between aggregate insider trading and future stock market returns under superior information hypothesis but no evidence to support contrarian strategy as market excess returns do not cause insider trading. They found similar results after controlling for insider trading due to liquidity reasons; aggregate insider trading is still able to predict aggregate cash flow news, discount rate news and aggregate insider trading is significantly related to unexpected cash flow news 2 quarters ahead.
Jiang and Zaman (2010) examined aggregate insider around different firm sizes and different levels of information uncertainty. They defined information uncertainty as the degree by which a firm’s value can be estimated by the most knowledgeable investors at reasonable costs. Small firms are classified as high information uncertainty firms whose cash flows are difficult to estimate due to high information acquisition costs and their fundamental values are more likely to be volatile and unreliable. Hence, aggregate insider trading in small firms is more likely to be driven by contrarian strategy as they are more likely to have current market values deviating away from the fundamental values. Also high information uncertainty could imply greater information asymmetry thus a higher chance of insiders exploiting their superior knowledge. 
They found that aggregate insider trading in both small and large (low information uncertainty) firms are positively and significantly related to future cash flow news. Overall, they found small evidence of contrarian investment strategy in aggregate insider trading. They classified firms into quintiles based on the number of analysts following a firm. They found that in firms with high information uncertainty or fewer analysts following (small firms); aggregate insider trading is more likely due to managers exploiting their superior knowledge about future cash flow news. Whereas, in firms with low information uncertainty or more analysts following (large firms), aggregate insider trading is not a manifestation of contrarian or information advantage. 
Overall, Jiang and Zaman (2010) strongly suggested that the predictive ability of aggregate insider trading is due to aggregate insiders’ ability to predict future cash flow news (aggregate insider trading is strongly related to unexpected cash flow news) rather than adopting a contrarian investment strategy. They found a much stronger predictive ability of aggregate insider trading than what was reported in earlier studies. They confirmed Seyhun (1988) who found that aggregate insider trading is related to future stock market returns when insiders trade on mispricing due to changes in macroeconomic factors.
[bookmark: _Toc403902144][bookmark: _Toc404097106][bookmark: _Toc431288232]Aggregate insiders as contrarian investors
Seyhun (1992) investigated why aggregate insider trading predict future stock market returns, he did cross sectional tests to examine whether adding other predictors of time series variations in stock returns would attenuate the predictive power of aggregate insider trading. He reported that aggregate insider trading is negatively correlated with contemporaneous and immediate past stock returns and indicated that insiders act as contrarian investors with respect to past movements in stock prices over a 3 months period.
Chowdhury et al (1993) found evidence contradicting Seyhun (1988, 1992) about the relationship between aggregate insider trading and future stock market returns. They suggested that very little of the mispricing reported by Seyhun (1988) is due to unanticipated changes in macroeconomic factors as the mispricing is mostly firm specific. They assumed that if insiders are motivated to trade by perceived mispricing, then they may also react to market returns. They indicated that noise traders may drive market prices away from the fundamental values even with the absence of the arrival of new information. Insiders may perceive a fall (rise) in stocks as an undervaluation (overvaluation) and buy (sell) stocks. If the noise trading is an economy-wide phenomenon, a relationship in which market returns predict aggregate insider trading is expected; aggregate insider trading reacts to market returns. They explained that aggregate insiders act as contrarian investors who buy stocks after a fall in prices and sell stocks after a rise in prices.
Chowdhury et al (1993) examined the relationship between aggregate insider trading and stock market returns using a methodological framework that formally models the interaction between aggregate insider transactions and stock market returns; the vector autoregressive, VAR model. The VAR model estimates the direction of Granger causality among the variables, the speed of the reaction of each of these variables to a shock in the other variables and to a shock in itself (impulse response function) and lastly it examines how much of the variability in the shocks in each variable is accounted for by the variable itself and how much by the other variables (innovation accounting).
Using weekly open market number of insider buys and sale trades from January 1975 to December 1986, they found a stronger effect of the influence of market returns on aggregate insider trading. They also found that with positive shocks in returns, aggregate insiders’ sales increase but aggregate insiders’ purchases decrease. Their results confirmed that aggregate insider trading reacts to stock market returns; aggregate insiders are contrarian investors who react to price changes. It is worthwhile to note that this result by Chowdhury et al (1993) could be due to the use of weekly data as Seyhun (1992) remarked that stock market return predictability by aggregate insider trades increases with the length of forecasting horizon and Fama and French (1988) suggested that long horizon returns are more predictable.
Lakonishok and Lee (2001) examined the information content of insider trades and the market responses to insider trades from 1975 to 1995 for companies in National Association of Securities Dealers Automated Quotations (NASDAQ), New York Stock Exchange (NYSE) and American Exchange (AMEX). They examined the magnitude of aggregate insider trading activity, how the market reacts around aggregate insider trading and reporting dates and they examined whether aggregate insider trading activity can predict future market movements.
Lakonishok and Lee (2001) provided new evidence on whether the market underreacts to managerial decisions as they indicated that past studies found the market adjusting slowly to managerial decisions. They found no major stock price change around insider trading periods or reporting dates but they found insider trading to be informative over longer horizons.  Referring to Seyhun (1988) who found that aggregate insider trading predicts market movements and could be used as a tool to time the market; and Rozeff and Zaman (1988) who found that insiders are contrarian investors, Lakonishok and Lee (2001) indicated that aggregate insiders are better contrarian investors as they time the market better. Hence Lakonishok and Lee (2001) reported that it is crucial to adjust for past market movements in examining the ability of insiders to time the market.
They classified insiders trading data into managers (consisting of CEOs, CFOs, Chairmen of the board, directors, officers, presidents and vice presidents), large shareholders (shareholders with more than or equal to 10% shares) and others. They categorized firms into small, medium and large firm sizes and low, medium and high book to market firms. They used daily abnormal return over 5 days from the event day as the measure of returns. Net purchase ratio (number of aggregate insider purchase minus number of aggregate insider sales divided by total aggregate number of insider transactions)[footnoteRef:14] is the measure of aggregate insider trading used and the regression model is used for their analysis. [14:  Net purchase ratio = Ratio of net purchases to total insider transactions] 

Lakonishok and Lee (2001) indicated that aggregate insider trading predicts market movements and insiders’ contrarian nature partially enables them to time the market; they also mentioned that insiders are contrarian investors who predict market movements better than simple contrarian traders. They took into account insiders’ ability to profitably time the market and trade and controlled for the contrarian behaviour of insiders by adjusting for past market movements (they included the prior two year holding period into their regressions). However, even after adjusting for the predictive power of simple contrarian strategies, Lakonishok and Lee (2001) found that insider trading is beneficial; when insiders are optimistic (buying), markets on the average do well but when insiders are pessimistic (selling), markets do poorly. They went on to say that insiders sell shares for many reasons (liquidity and non-information-related) but they only buy shares to make money (mostly information-related), thus only insider purchases appear to be useful in predicting future stock market movements. Their results are consistent with Seyhun (1988) and Chowdhury et al (1993) who found that insider purchases are informed trades but insider sales have no predictive content.
[bookmark: _Toc403902145][bookmark: _Toc404097107][bookmark: _Toc431288233]Aggregate insider trading and trade sizes
Previous literature by French and Roll (1986) and Barclay et al (1990) illustrated that volatility is primarily caused by private information revealed through insiders’ trades. Aggregate insider trades release new information to the market which increases the rate of flow of information to the market resulting to increase in stock market volatility.  
 With this in mind, Barclay and Warner (1993) argued that if aggregate insiders’ trades cause stock price movements, then looking at the proportion of the cumulative stock price change that occurs in each trade size category would allow them identify which trade size move prices. They developed a joint hypothesis; the stealth trading hypothesis which states that if privately informed traders concentrate their trades in medium sizes, and if stock price movements are due mainly to private information revealed through these insiders’ trades, then most of a stock’s cumulative price change will take place on medium sized trades.
Barclay and Warner (1993) noticed that the majority of the trades in their sample are small trades (100 to 400 shares) but they argued that insiders would concentrate their trades in medium sized trades (500 to 900 shares).  However, they indicated that under plausible conditions, insiders could accumulate their trades into a single trade, large size (10000 and more shares).
Kyle (1985) argued that profit maximising insiders attempt to camouflage private information by spreading their trades over time; but Barclay and Warner (1993) differed and suggested that stealth trading could result from general reasons such as insiders facing wealth constraints. Barclay and Warner (1993) focused their examinations on firms with large abnormal price increase before the initial tender offer announcement. They suggested that some insiders may have valuable private information during the preannouncement period thus the preannouncement period is a good testing ground for their predictions. They found results for the preannouncement period supporting the stealth trading hypothesis that medium sized trades are responsible for an estimated 92.8% of the cumulative stock price change but none of the cumulative price change occurs on small trades. Investigating stealth trading hypothesis beyond the preannouncement period, from 1981 to 1984, they found results consistent with the stealth trading hypothesis although weaker than the tender offer announcement. They indicated that their results are inconsistent with alternative hypotheses. Assuming the hypothesis that most price changes are due to public information releases, the percentage of the cumulative price change occurring in a given trade size category will be directly proportional to the percentage of transactions in that category.
Furthermore, Barclay and Warner (1993) clarified that an insider breaks up trades because of the expected price impact of the trades. The price impact of trades increase with trade sizes; but an offsetting cost of spreading the trades over time is that it delays the acquisition of the desired position and increases the likelihood that the price will move against the trade if his information is revealed to the public or by other insiders’ trades. Additionally, Barclay and Warner (1993) explained that most brokerage commission schedules have a fixed cost per trade which shifts an insider’s strategy in favour of one trade. Hence, they concluded that medium sized trades are more likely to be achieved in a single trade as the price concession is small and insiders generally achieve large share positions through multiple medium sized trades.
Overall, Barclay and Warner (1993) found evidence supporting their stealth trading hypothesis that insiders’ trades are concentrated in medium sized trades and the price impact is largest for medium sized trades.
Lebedeva et al (2013) defined stealth trading as the strategy to break up trades into smaller trades sequences[footnoteRef:15]. They reported that insiders commonly break up trades into two to ten smaller transactions. Lebedeva et al (2013) explained the reasons for stealth trading as the information based explanation and the liquidity based explanation. They described the information based explanation for stealth trading as insiders with better access to private information engaging more in stealth trading as it allows them to use their private information more profitably. The liquidity based explanation argues that insiders act like discretionary (open) liquidity traders who spread small transactions to reduce the temporary price impact that occurs for microstructure reasons and is unrelated to asymmetric information. They explained that the price impact of insider trades increases with transaction size, thus an insider can increase her trading profit by splitting her transactions into smaller trades and spreading them over time, independently of whether she trades on private information or for liquidity reasons. [15:  Lebedeva et al (2013) considered a transaction as a stealth trade if there is a subsequent transaction in the same direction and by the same insider before or on the same day where the first transaction is disclosed. This is because stealth trading is relevant only for the period where the information, respectively the trade, has not been disclosed.] 

Lebedeva et al (2013) criticised the stealth trading hypothesis by Barclay and Warner and explained its main limitations to be that it focuses on stocks or events where significant firm specific information has been revealed and thus it is biased towards information based explanations. Even though Lebedeva et al (2013) criticised Barclay and Warner (1993), they still found consistent results with Barclay and Warner’s (1993) hypothesis before the passage of Sarbanes-Oxley Act (SOX) Act[footnoteRef:16]. They found that the information based explanation of stealth trading is significant before the passage of SOX Act. They also confirmed that insiders mostly execute medium size transactions as the optimal trade size. Therefore, we cannot rule out the information based explanations of stealth trading. [16:  Lebedeva et al (2013) investigated stealth trading before and after the passage of the Sarbanes-Oxley Act (SOX), when insider trading rules in the US were tightened and disclosure dates reduced from forty to two working days and found some evidence supporting the information based hypothesis in the period before the Sarbanes Oxley Act.] 

Having analysed past studies on the predictive content of aggregate insider trading on the basis of aggregate insiders’ superior information content or their contrarian investment behaviour; we proceed by developing some hypotheses to determine whether it is aggregate insiders’ superior information or their contrarian behaviour that contributes to the ability of aggregate insider trading to predict future stock market returns. We also verify whether it is only medium sized aggregate insider trades that can help predict future stock market returns given that medium insider trades have been identified as informative trades. The next section explains the hypothesis used to examine the predictability of aggregate insider trading and stock market returns.
[bookmark: _Toc403902146][bookmark: _Toc404097108]

[bookmark: _Toc431288234]Hypotheses
Past studies have examined the predictive ability of aggregate insider trading. However, given that there are conflicting results about the information content of aggregate insider trading and its ability to predict future stock market returns, we re-examine the predictive ability of aggregate insider trading and stock market returns, using UK directors’ trades which have not been previously explored in similar context. In this section, we present the specific hypotheses we test as we examine the relationship between aggregate insider trading and stock market returns.
[bookmark: _Toc431288235]Hypothesis 1: Aggregate insider trades have information that may help predict future stock market returns.
The first hypothesis tests whether aggregate insider trading has information that can help predict future stock market returns. Corporate insiders have full information about their firm’s current prices and can observe and trade on the basis of a mispricing in their firms. Insiders cannot always distinguish between firm specific and economy-wide mispricing. A relationship would exist between aggregate insider trading and future stock market returns if the mispricing is due to unanticipated changes in economy-wide activity. If the mispricing is firm specific, we do not expect a relationship between aggregate insider trading and stock market returns as individual insiders’ transactions cancels out at the aggregate level. We use unexpected cash flow news and discount rate news to control for aggregate insiders’ ability to identify and trade on the basis of economy-wide mispricing (Jiang and Zaman, 2010; Seyhun, 1992; 1988), and expected returns to control for aggregate insiders’ contrarian investment behaviour (Chowdhury et al, 1993), as we test the ability of aggregate insider trading to help predict future stock market returns.
[bookmark: _Toc431288236]Hypothesis 2:  Medium sized insider trades have information that may help predict future stock market returns.
The second hypothesis tests that only medium sized insider trades have information that can help predict future stock market returns. Insiders with private information may most likely trade in medium sizes to conceal their use of private information. Considering that medium sized trades are informative, we distinguish between small, medium and large insider trades and test whether it is possible to predict future stock market returns using medium insider trades. 
[bookmark: _Toc431288237]Hypothesis 3: Medium insider buy trades have information that may help predict future stock market returns.
The third and final hypothesis tests that only medium insider buy trades can help predict future stock market returns. Insider buy trades are informative but insider sale trades are non-information-related trade transactions. With this in mind, we test whether there is information in medium insider buy trades that can help predict future stock market returns. We divide medium insider trades into buy and sale medium trades and test the predictive ability of medium insider trade transactions.
In the next section, we describe the data and methodology used to test the hypotheses explained above as we investigate whether there is information in aggregate insider trading that can help predict future stock market returns or whether aggregate insider trading reacts to stock market returns.
[bookmark: _Toc403902150][bookmark: _Toc404097112]

[bookmark: _Toc431288238]Data and Methodology 
This chapter examines the predictive ability of aggregate insider trading and stock market returns. Previous literatures have inconclusive results about the predictability of aggregate insider trading; therefore we test whether there is information in aggregate insider trading that can help predict future stock market returns or whether aggregate insider trading reacts to stock market returns. Here, we outline and describe the data used to analyse the predictive ability of aggregate insider trading and the methodology we use to analyse this.
[bookmark: _Toc403902151][bookmark: _Toc404097113][bookmark: _Toc431288239]Data
The purpose of this chapter is to examine the information content of aggregate insider trading and the ability to help predict future stock market returns using information in aggregate insider trading. Insider trading data is secondary data accessed from the Directors Deals Global Data and Analysis[footnoteRef:17] and stock price data is accessed from DataStream. We use pivot tables to transform daily data into monthly data ranging from January 1991 to December 2010 giving a total of 240 observations. As suggested by past studies, we use monthly data. Fama and French (1988) suggested that long horizon returns (in this case: monthly data) are more predictable. Seyhun (1992) remarked that stock return predictability by insider trades increases with the length of forecasting horizon. Lakonishok and Lee (2001) found insider trading to be informative over longer horizons. [17:  http://www.directorsdeals.com/] 

We use monthly stock prices obtained from FTAS (Financial Times and Stock Exchange All Shares) index to estimate stock returns. Stock prices are transformed into returns using the logs of prices illustrated in the formula below.

where   denotes returns at time t,   represents stock price at time t and represents stock price at time t-1.
A study by Gregoriou and Hudson (2015) explained the difference between mean returns calculated using logarithmic returns and simple returns. They indicated that mean returns calculated using logarithm is less than simple returns by the amount related to the variance of the set of returns. Consequently, risk calculated using logarithmic returns will systematically differ from those calculated using simple returns. Therefore, higher variance is expected with logarithmic returns than with simple returns.
Directors’ insider trading data is obtained from Directors Deals Global Data and Analysis which gives up-to-date directors’ dealings from company announcements made public under disclosure regulations. The data consists of a vast range of information relating to the trades, for example, announcement dates, transaction dates, names of the directors, directors’ date of birth, the directors’ company, types of security traded in, amount of shares traded, the price of the share, just to name a few.
We only consider insiders’ transactions (purchases and sales) of ordinary shares for the analysis, excluding awards, gifts, options and exercise transactions. Any transactions with blanks or zero prices and/or amounts are also excluded from the analysis. Daily transactions are summed to obtain monthly trade transactions for each year. Insider buy and sale transactions are added for each month to derive aggregate insider trading. We concentrate on the aggregate number of insider trade transactions (	TNOT) carried out each calendar month.
Seyhun (1992) used two measures of aggregate insider trading: the number of shares traded (volume) and the number of insider trade transactions, but reported the results of the number of insider trade transactions. He used the number of insider trade transactions and explained that using the number of shares traded puts an equal weight on each share traded and hence favours large transactions proportionately. Seyhun (1992) also indicated that the empirical results using the number of shares traded are qualitatively similar, although smaller in magnitude, since the information content of insiders' transactions does not increase linearly with the number of shares traded. He further explained that this is because most insiders in small firms are top executives insiders who trade relatively few shares; and in large firms, institutional shareholders trade much larger volumes on less information. Lakonishok and Lee (2001) also indicated that insider trading based on number of transactions is more informative than insider trading based on the dollar volume of trading, although they added that this might be influenced by a few huge transactions.

Much of the prior literature has suggested that it is informed trading that move returns. Jeng et al (2003), Lakonishok and Lee (2001) and Barclay and Warner (1993) identified different filters to distinguish between what are potentially informative trades and those that are not likely to be motivated by private information (that is noise-related trades). Their consensus view is that buy and medium sized trades are informative trades while sale, small and large sized trades are not information driven trades. 
Past studies have classified trades into small, medium and large sizes using the original classification by Barclay and Warner (1993) who classified small trades as 100 to 400 shares traded, medium trades as trades between 500 and 9,900 shares and large trades as trades greater than 10000 shares. They used a sample of transaction data for NYSE firms and found that even though a majority of the trades are small size trades, most of the cumulative stock price change is due to medium size trades.
However, we do not use the Barclay and Warner classification method because we would lose 11% of our observations since we have observations less than 100, between 400 and 500 and between 9900 and 10000. Secondly, they do their classifications based on volume of trades. Information in stock prices will be lost if we classify trade sizes using trade volume as stock prices are not incorporated into trade volume, thus we divide trades into small, medium and large trade sizes according to the value of trades in order to incorporate stock prices. Additionally, we present results based on the number of trade transactions for each trade size. 
We follow the Friederich et al (2002) classification for trade sizes. They categorised small trades as any trades less than £5000, medium as trades between £5000 and £70000 and large trades as trades above £70000. Using the percentiles of our data, we attain a similar category, though slightly adjusted. The 20th percentile for our data is £4540 and 80th percentile is £69800. We round up the percentile values to get £5000 and £70000 and conclude small trades as trades less than 20th percentile (£4540 approximately £5000), medium trades as trades between 20th and 80th percentile and large trades greater than 80th percentile  (£69800 approximately £70000). Using this category, medium sized trades have the highest number of observations amounting to 57.5 per cent  of the data, followed by small trades of 22 per cent and large trades of only19.9 per cent of the data. Henceforth we identify small insider trades as Small, medium insider trades as Medium and large insider trades as Large.
As motivated by Jiang and Zaman’s (2010), we use expected returns, unexpected cash flow news and unexpected discount rate news to test whether aggregate insider trading drives returns or market returns drive aggregate insider trading. Unexpected cash flows and discount rate news control for aggregate insiders’ use of superior information (Jiang and Zaman, 2010; Seyhun, 1992; 1988), while expected returns controls for aggregate insiders’ contrarian investment behaviour (Chowdhury et al, 1993).
Following Campbell et al, (2010), we use log price earnings ratio as a proxy for discount rate news. Campbell et al (2010) indicated that since Campbell (1991), Campbell and Shiller (1988a, 1988b), and others documented that discount rate news dominates cash flow news in aggregate returns and price volatility, they used annual increments in the market’s log price earning ;  as a natural proxy for discount rate news . We also consider Hecht and Vuolteenaho (2006) to use log dividend yield as proxy for cash flow news. 
Lakonishok and Lee (2001) indicated that when examining the predictive content of insider trading, it is important to adjust and control for aggregate insiders’ contrarian nature as insiders have the ability to act as contrarian investors. They included prior two year ahead holding period returns in their regressions to adjust for past market movements. Similarly, we include two months past expected returns to control for aggregate insiders’ contrarian investment behaviour. We estimate expected returns using the Capital Asset Pricing Model (CAPM), with beta (β) obtained from DataStream.
Table 2.1 shows the descriptive statistics for the data. As evident from the table, all variables are rightly skewed apart from returns and price earnings ratio which are skewed to the left. The kurtosis coefficients are 3.0, implying that the distribution of all the variables has fat tails compared to the normal distribution. Jacque Bera test results also show that the hypothesis of normality can be rejected at the conventional 5% significance level for all variables. Standard deviation results presented in Table 2.1 show that informative insider trades (medium sized insider trades and medium sized insider buy trades) have higher standard deviation than noisy insider trades (small and large insider trade sizes and medium sized insider sale trades).  This could be interpreted as informative insider trades being more volatile than noisy insider trades.


[bookmark: _Toc403902155][bookmark: _Toc404097117]
	
	Returns
	Aggregate insider trading
(TNOT)
	Small
	Medium
	Large
	Buy medium
	Sale medium
	Expected returns
	Dividend yield
	Price Earnings ratio

	 Mean
	 0.0045
	 356.5625
	 80.4917
	 205.1375
	 70.9333
	 165.2417
	 39.8958
	 0.026841
	 3.4166
	  2.8543

	 Maximum
	 0.1042
	 820.0000
	 259.0000
	 497.0000
	 177.0000
	 485.0000
	 178.0000
	 0.213267
	 3.3300
	 3.3548

	 Minimum
	-0.1441
	 110.0000
	 14.0000
	 82.0000
	 12.0000
	 51.0000
	 5.0000
	-0.188366
	 5.4600
	 2.0832

	 Std. Dev.
	 0.0424
	 124.8978
	 51.2738
	 76.6388
	 33.1710
	 74.6799
	 27.3900
	 0.074596
	 2.0600
	 0.2543

	 Skewness
	-0.6974
	 0.8300
	 1.3722
	 1.1116
	 1.0756
	 1.2058
	 1.8182
	 0.110520
	 0.7956
	-0.4514

	 Kurtosis
	 3.8555
	 3.7099
	 4.3868
	 4.3612
	 3.8473
	 4.8709
	 7.6971
	 2.835831
	 0.4181
	 3.1484

	
	
	
	
	
	
	
	
	
	
	

	Jarque-Bera
	 26.7728
	 32.5955
	 94.5489
	 67.9561
	 53.4532
	 93.1546
	 352.8527
	 0.6791
	 9.1553
	 7.4988

	 Probability
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.7121
	 0.0103
	 0.0235


Table 2.1: Descriptive statistics of stock market returns and aggregate insider trading variables













Note: These are descriptive statistics for stock market return and the variables of aggregate insider trading. This covers a monthly sample period of January 1991 to December 2010. Aggregate insider trading is the sum of all insider buy and sale trade transactions per calendar month.

[bookmark: _Toc431288240]Methodology
In this section, we briefly describe the methodology used to test the hypotheses presented above. Schematically, we do the following. First, we test if all the data we use for our analysis are stationary by using the Phillips Perron unit root test[footnoteRef:18]. This is followed by an Autoregressive (AR) graph of each hypothesis to be tested. Then, we consider the VAR Granger causality test to ascertain whether there is information in aggregate insider trading that can help predict future stock market returns or whether aggregate insiders react to stock market returns. This is followed by a serial correlation test on the VAR Granger causality to check for heteroskedasticity and the impulse response function which permits us to study the response of each variable to a unit shock in another variable. [18:  We find significant unit root test results for Augmented Dickey Fuller and Dickey Fuller but present Phillips and Perron unit root test results.] 

To test for stationarity of the data, we use the Phillips Perron unit root test (PP) developed by Phillips and Perron (1988). It is important to check that the mean and variance of the data are constant and does not change over time as non-stationary data has infinite persistence in shocks which can lead to spurious regressions. A spurious regression shows significant results due to the presence of unit root in the variables. Granger and Newbold (1974) outlined the consequences of a spurious regression as inefficient estimates of the regression coefficients, forecasts based on the regression equations are sub-optimal and usual significance tests on the coefficients are invalid. To avoid these consequences, we check for the presence of unit root in the data before we can proceed to examine the relationship between aggregate insider trading and stock market volatility.
The Phillips and Perron (PP) test developed a generalization of the Dickey Fuller procedure that allows for fairly mild assumptions concerning the distribution of the errors. The PP test entails less stringent restrictions on the error process allowing the disturbances to be weakly dependent and heterogeneously distributed. The PP test regression is as follows:

where is the error term and the null hypothesis is non stationarity.
We display the AR graph which reports if the estimated VAR is stationary; all the roots have modulus less than one and lie inside the unit circle. A stationary VAR is important in order to attain valid results (impulse response function standard errors). This adds evidence to the Phillips Perron unit root test results. For robustness, we also we present unit root test results using the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) method in the Appendix.
Past studies on the information content of aggregate insider trading and its predictive ability have differing conclusions. Hence, we use Granger causality to examine if aggregate insider trading has information that can help predict returns or vice versa. Granger causality is a model based on the notion that if y granger causes x, then past values of y should contain information that helps predict x above and beyond the information contained in past values of x alone. Granger causality mainly gives preliminary analysis to verify the direction of the relationship between aggregate insider trading and stock market returns. Brooks (2008) explained that Granger causality only means a correlation between the current value of one variable and the past values of others as it simply implies a chronological ordering of movements in the series.
According to Seyhun’s (1988)  findings, we test that aggregate insider trading has information that can help predict future stock market returns due to unexpected changes in economy-wide factors (superior information). If the results show that aggregate insider trading granger causes returns and there are significant Granger causality coefficients of unexpected cash flows news and unexpected discount rate news, then we can conclude that aggregate insider trading drives stock market returns (there is information in aggregate insider trading that can help predict future stock market returns), see equation 2.3.1.
According to Chowdhury et al (1993), we also test whether aggregate insider traders react to stock market returns due to aggregate insiders’ contrarian behaviour. If we find granger causality from returns to aggregate insider trading and significant Granger causality coefficients of past expected returns only, then we can conclude that aggregate insider trading reacts to stock market returns (there is information in stock market returns that helps to predict aggregate insider trading), see equation 2.3.2.
We use similar assumptions and methodology to test that only medium insider trades (hypothesis 2) and medium insider buy trades (hypothesis 3) have information that can help predict future stock market returns.


where  and   are stock market returns and aggregate insider trading variables respectively.  is the error term and P is the optimal lag length.
The null hypothesis that aggregate insider trading does not Granger cause stock market returns is equivalent to testing the restriction that for all i = 1, 2…P.
We use the VAR serial correlation Lagrange Multiplier (LM) tests to detect whether the residuals have any serial correlation. We test for serial correlation on the VAR estimates to ensure we obtained accurate results. The LM test operates by obtaining the R2 from the auxiliary regression and multiplying by the number of observations (Brooks, 2008).

where, m is the number of regressors in the auxiliary regression (excluding the constant term), equivalent to the number of restrictions that would have to be placed under the F-test approach. The null hypothesis of the LM test is that there is no serial correlation. 
[bookmark: _Toc403902161][bookmark: _Toc404097123]The impulse response function shows the effects of shocks on the adjustment path of the variables. It explains how shocks in one variable impact other variables in the equation. The impulse response function of stock market returns to a shock in aggregate insider trading shows how current and future values of returns respond to a one-time shock in aggregate insider trading. Based on our assumptions above, the impulse response function adds evidence and support to our results.  We only display impulse response function results for significant VAR Granger causality variables.
The next section illustrates and explains empirical results obtained from the models above. Phillips Perron unit root test checks the stationarity of the data. We display the AR graph which confirms the stationarity of the VAR estimated, followed by the Granger causality test which test whether aggregate insider trading has information that can help predict returns and/or vice versa. The LM serial correlation test is carried out on the VAR estimates and the impulse response function which examines how shocks in one variable affect the other variables.


[bookmark: _Toc431288241]Empirical Results
This section outlines the empirical analyses carried out and the results explained as we examine the predictive ability of aggregate insider trading and stock market returns based on the hypothesis outlined in section 2.3. All data analysis and empirical tests are carried out on Eviews 7. The results are presented in the sections below.
[bookmark: _Toc431288242]Phillips Perron
We run the Phillips Perron test to check whether stock market returns and all insider trading variables are stationary.
Table 2.2: Phillips Perron unit root test
	Series
	P-values
	T Statistics
	Critical values
	No. of lags

	
	
	
	1%
	5%
	10%
	

	Returns
	0.0015
	-13.9377***
	 -3.4577
	 -2.8735
	 -2.5732
	5

	Small
	0.0000
	-4.8392***
	 -3.4577
	 -2.8735
	 -2.5732
	3

	Medium
	0.0001
	-10.4002***
	 -3.4577
	 -2.8735
	 -2.5732
	8

	Large
	0.0000
	-7.2454***
	 -3.4577
	 -2.8735
	 -2.5732
	5

	Buy medium
	0.0000
	-8.0298***
	 -3.4577
	 -2.8735
	 -2.5732
	7

	Sale medium
	0.0000
	-6.4110***
	 -3.4577
	 -2.8735
	 -2.5732
	3

	Expected R
	0.0000
	-6.2898***
	 -3.4577
	 -2.8735
	 -2.5732
	9

	Dividend yield
	0.4564
	-2.3849
	 -3.4577
	 -2.8735
	 -2.5732
	7

	D(dividend yield)
	0.0000
	-13.9936
	-3.4577
	-2.8735
	-2.5732
	7

	Price Earning 
	0.1640
	-1.7650
	-3.4577
	-2.8735
	-2.5732
	7

	D(Price earning)
	0.0000
	-14.2415
	-3.4577
	-2.8735
	-2.5732
	7


Note: This table reports the Phillips Perron unit root test for stock market return and insider trading, with p-values and t statistics. ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels using an intercept. Lag selection based on the Newey-West automatic using Bartlett kernel.
Table 2.2 presents results from the Phillips Perron unit root test with p-value in parentheses. From table 2.2, it is evident that stock market returns and all insider trading variables are stationary, the null hypothesis of unit root can be rejected for stock market returns and all insider trading variables as the p-values are significant at 1%, 5% and 10% levels. However, price earnings ratio and dividend yield are only stationary at the first difference, hence we use the first difference of price earnings ratio and dividend yield for the analysis. Given that we found all the data stationary at levels or first difference, we can proceed to estimate a VAR Granger causality and impulse response function. 
The AR graphs presented in figures 4, 5 and 6 of the Appendix confirm that all VAR models are stationary as all roots have modulus less than one and lie inside the unit circle. This confirms the Phillips Perron results discussed above. The KPSS results in the Appendix, Table 5.2, also confirm Phillips Perron unit root test results.
[bookmark: _Toc431288243]Hypothesis 1
The next step is to run Granger causality on stock market returns, aggregate insider trading, price earnings ratio and dividend yield. The results are presented in the table below. 
The optimal lag length for AIC, SBIC and HQIC is 3 lags. However, we find serial correlation at 3 lags. We add sufficient lags to remove serial correlation from the model (see Dimitraki and Menla Ali, 2015). We find no serial correlation at 8 lags hence; we run Granger causality at 8 lags.
Table 2.3: Granger causality of returns and aggregate insider trading
	 Null Hypothesis:
	
	Probability

	
	
	

	
	
	

	 Aggregate insider trading does not Granger Cause returns
	
	0.0107***

	 Returns does not Granger Cause Aggregate insider trading
	0.1193

	
	
	

	 Past expected returns does not Granger Cause returns
	
	  0.4076

	 Returns does not Granger Cause Past expected returns
	  0.0000***

	
	
	

	
	
	

	 Discount rate news does not Granger Cause returns
	
	  0.0549*

	 Returns does not Granger Cause Discount rate news
	  0.3129
	 

	
	
	

	
	
	

	 Cash flow news does not Granger Cause returns
	
	  0.0122**

	 Returns does not Granger Cause Cash flow news
	  0.3759

	
	
	


Note: This table reports the Granger causality test results for stock market returns and aggregate insider trading variables. ***, ** and * indicate significance at 1%, 5% and 10% levels. We use log price earnings ratio as a proxy for discount rate news and log dividend yield as proxy for cash flow news, and past expected returns controls for insiders’ contrarian behaviour. Based on specification, the number of lags used for Granger causality is 8 lags.

The granger causality results of the first hypothesis as displayed in table 2.3 show that there is information in aggregate insider trading that can help predict future stock market returns (Seyhun, 1988) and this is due to aggregate insiders having information about mispricing in future cash flow and discount rate news. This is evident as the p-values of aggregate insider trading; future cash flow and discount rate news are significant at 1%, 5% and 10% levels respectively.
The results are consistent with the hypothesis that aggregate insider trading has information that can help predict future stock market returns. This result supports the superior information hypothesis by Jiang and Zaman (2010) and Seyhun (1988) that the predictive ability of aggregate insider trading is due to aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news.
However, we do not find significant evidence that returns have information that can help predict future aggregate insider transactions (Chowdhury et al, 1993). Hence we cannot confirm that aggregate insiders react to stock market returns, our results do not show aggregate insiders’ as contrarian investors as the Granger causality coefficient of past expected returns is insignificant.
We test for serial correlation to ensure that the residuals are not correlated, confirming if our data and the model chosen is accurate to produce good empirical results. To check if the VAR estimates are correct, we run a test for serial correlation and find no evidence of serial correlation, especially at 8 lags, as we accept the null of no serial correlation. The p-values are greater than 1%, 5% and 10%, therefore accepting the null hypothesis of no serial correlation.  Evidence is presented in table 2.4.


Table 2.4: LM Serial correlation test of returns and aggregate insider trading
	
	
	

	
	
	

	Lags
	LM-Stat
	Probability

	
	
	

	
	
	

	1
	 29.1492
	 0.2577

	2
	 34.3826
	 0.1000

	3
	 26.1265
	 0.4009

	4
	 21.3394
	 0.6735

	5
	 34.2093
	 0.1035

	6
	 33.0497
	 0.1298

	7
	 29.4685
	 0.2448

	8
	 29.3295
	 0.2504

	9
	 29.8747
	 0.2290

	10
	 24.6921
	 0.4797

	11
	 28.3373
	 0.2926

	12
	 25.5506
	 0.4319

	
	
	

	
	
	


Note: This table reports LM test results. ***, ** and * indicate significance at 1%, 5% and 10% levels.
This is followed by the impulse response function for hypothesis one, with results presented in the impulse response function graph, figure 1. The results show that a one standard deviation increase in aggregate insider trading is followed by an increase in stock market returns of 0.76% in the second month. There is no change in month 1. This shows changes in returns approximately 2 months after changes in aggregate insider trading. This is followed by a decrease in returns in month 3 by 0.6%, a continuous rise from month 4 to 6 and decline in month 7. Our results are consistent with Seyhun (1988) who found that aggregate insider trading significantly correlates with market returns during the subsequent 2 months.
The impulse response function graph, figure 1, might be interpreted as a positive shock in aggregate insider trading initially causes an increase in future stock market returns two months after the shock. Given that the private information used by insiders to trade becomes known to the public, future returns falls in month 3 and the market adjusts gradually thereafter.

[bookmark: _Toc431288365]
Figure 1: Impulse response function graph of returns and aggregate insider trading
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[bookmark: _Toc431288244]Hypothesis 2
Our second hypothesis tests that there is information in medium insider trades that can help predict future stock market returns. Based on Barclay and Warner (1993) and Seyhun (1988), we investigate whether medium insider trades due to economy-wide mispricing have information that can help predict future stock market returns. The granger causality results in table 2.5 confirm our second hypothesis as medium insider trades granger causes stock market returns. This is evident as the p-values of medium insider trades, future cash flow and discount rate news are significant at 5% and 10% levels. The results show that aggregate insider traders who trade in medium trade sizes and have information about unexpected cash flow and discount rate news can help predict future stock market returns. This is consistent with Seyhun (1988) and Barclay and Warner (1993) who found that medium insider trades are informative trades. 
We also found that large insider trades are influenced by stock market returns, suggesting that aggregate insiders trading in large sizes react to stock market returns.

Table 2.5: Granger causality of returns and insider trade sizes
	 Null Hypothesis:
	
	Probability

	
	
	

	
	
	

	Small insider trades does not Granger Cause returns
	
	0.6782

	Returns does not Granger Cause Small insider trades
	0.5622

	
	
	

	
	
	

	Medium insider trades does not Granger Cause returns
	
	0.0160**

	Returns does not Granger Cause Medium insider trades
	0.5622

	
	
	

	
	
	

	Large insider trades does not Granger Cause returns
	
	0.1541

	Returns does not Granger Cause Large insider trades   
	0.0015***

	
	
	

	
	
	

	Past expected returns does not Granger Cause returns
	
	0.4340

	Returns does not Granger Cause Past expected returns
	0.0000***

	
	
	

	
	
	

	 Discount rate news does not Granger Cause returns
	
	0.0660*

	 Returns does not Granger Cause Discount rate news
	0.5263
	 

	
	
	

	
	
	

	 Cash flow news does not Granger Cause returns
	
	0.0406**

	 Returns does not Granger Cause Cash flow news
	0.5477

	
	
	


Note: This table reports the Granger causality test results for returns and insider trade sizes. ***, ** and * indicate significance at 1%, 5% and 10% levels. We use log price earnings ratio as a proxy for discount rate news and log dividend yield as proxy for cash flow news and past expected returns controls for insiders’ contrarian behaviour. Based on specification, the number of lags used for Granger causality is 8 lags.

The optimal lag length for AIC, SBIC and HQIC is 3 lags. However, we find serial correlation at 3 lags. Hence, we add sufficient lags to remove serial correlation from the model (see Dimitraki and Menla Ali, 2015). Granger causality is estimated at 8 lags as we do not find serial correlation at 8 lags.
Table 2.6: LM Serial correlation of returns and medium insider trades
	
	
	

	
	
	

	Lags
	LM-Stat
	Probability

	
	
	

	
	
	

	1
	 47.6498
	 0.5279

	2
	 56.9392
	 0.2036

	3
	 48.4974
	 0.4934

	4
	 57.2460
	 0.1958

	5
	 77.4361
	       0.0059***

	6
	 58.9116
	 0.1570

	7
	 55.4311
	 0.2451

	8
	 51.3308
	 0.3825

	9
	 66.2167
	     0.0510**

	10
	 42.2791
	 0.7404

	11
	 46.7537
	 0.5647

	12
	 64.1731
	   0.0716*

	
	
	


Note: This table reports LM test results. ***, ** and * indicate significance at 1%, 5% and 10% levels.
We check if the VAR estimates are correct, we run a test for serial correlation. We find evidence of serial correlation at lags 5, 9 and 12 as the p-values are less than 1% and 10% levels of significance, but no evidence of serial correlation in the other lags. This is presented in table 2.6 above.
For the second hypothesis, the impulse response function results presented in figure 2 below show that a one standard deviation increase in medium insider trading is followed by a small shock in returns of 0.53%. When aggregate insiders increase their trade in medium sizes, returns increase by 0.53% two months after the increase in trades. This is different in month 3 where returns falls but increase thereafter.
[bookmark: _Toc431288366]Figure 2: Impulse response function graph of returns and medium insider trades
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[bookmark: _Toc431288245]Hypothesis 3
The second hypothesis test and suggests that only medium insider trades due to economy-wide mispricing have information that can help predict future stock market returns. Therefore, based on previous studies that insider buy trades are informative and insider sales are mainly for liquidity reasons, we further test whether there is information in medium insider buy trades that can help predict future stock market returns depending on aggregate insiders trading upon mispricing due to economy-wide activity. Granger causality results in table 2.7 suggest that only aggregate insiders who have superior information about future economy-wide factors and buy in medium sizes can help predict future stock market returns. This is evident as the p-values of medium insider buy trades; future cash flow and discount rate news are significant at 5% and 10% levels. Medium insider sale trades do not granger cause returns, we do not find evidence that it can help predict future stock market returns. Our findings support Lakonishok and Lee (2001), Barclay and Warner (1993) and Seyhun (1988).
Table 2.7: Granger causality of returns and medium insider buy and sale trade sizes
	
	
	

	
	

	 Null Hypothesis:
	
	Probability

	
	
	

	
	
	

	 Medium insider buy trades does not Granger Cause returns
	
	 0.0490**

	 Returns does not Granger Cause Medium insider buy trades
	 0.4950

	
	
	

	
	
	

	
	
	

	 Medium insider sale trades does not Granger Cause returns
	
	0.1482

	 Returns does not Granger Cause Medium insider sale trades
	0.4886

	
	
	

	
	
	

	
	
	

	Past expected returns does not Granger Cause returns
	
	0.4104

	Returns does not Granger Cause Past expected returns
	0.0000

	
	
	

	
	
	

	
	
	

	 Discount rate news does not Granger Cause returns
	
	0. 0773*

	 Returns does not Granger Cause Discount rate news
	0.5850

	
	
	

	
	
	

	
	
	

	 Cash flow news does not Granger Cause returns
	
	0. 0224**

	 Returns does not Granger Cause Cash flow news
	0.7232

	
	
	

	
	
	


Note: This table reports the Granger causality test results for returns and insider buy and sale trade sizes. ***, ** and * indicate significance at 1%, 5% and 10% levels. We use log price earnings ratio as a proxy for discount rate news and log dividend yield as proxy for cash flow news and past expected returns controls for insiders’ contrarian behaviour. Based on specification, the number of lags used for Granger causality is 8 lags.

The optimal lag length for AIC, SBIC and HQIC is 3 lags. However, we find serial correlation at 3 lags. Following Dimitraki and Menla Ali (2015), we add sufficient lags to remove serial correlation from the model. We run Granger causality at 8 lags because we do not find serial correlation at 8 lags.
Table 2.8: LM Serial correlation of returns and medium insider buy and sale trade sizes
	
	
	

	
	
	

	Lags
	LM-Stat
	Probability

	
	
	

	
	
	

	1
	 37.13225
	 0.4166

	2
	 45.28073
	 0.1381

	3
	 32.26486
	 0.6469

	4
	 56.18203
	  0.0172*

	5
	 33.16524
	 0.6041

	6
	 44.47581
	 0.1570

	7
	 51.69761
	  0.0436*

	8
	 44.54091
	 0.1554

	9
	 21.21994
	 0.9761

	10
	 36.75068
	 0.4339

	11
	 39.13205
	 0.3310

	12
	 36.29977
	 0.4547

	
	
	

	
	

	


Note: This table reports LM test results. ***, ** and * indicate significance at 1%, 5% and 10% levels.
Table 2.8 above presents serial correlation test results for hypothesis 3. When we check if the VAR estimates are correct, we find evidence of serial correlation at lag 4 and 7 but no evidence of serial correlation in the other lags. Impulse response function graphs of returns and medium insider buy and sale trades are presented in Figure 3 below.
[bookmark: _Toc431288367][bookmark: _Toc403902180][bookmark: _Toc404097142]Figure 3: Impulse response function graph of returns and medium insider buy and sale trades
[image: ]
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For comparative reasons, we present impulse response function graphs for both medium insider buy and sale trades, even though we do not find evidence that medium insider sale trades can help predict future stock market returns. This is illustrated in graphs above. An increase in medium insider buy and sales is followed by a positive response in returns in month two. But the increase in returns is greater when insiders buy than when insiders sell. Returns fall in month 3 to 5, for both medium insider buys and sales; but the fall in returns is greater with medium insider sale trades than with medium insider buy trades. We find that when there is a shock in aggregate insider trading, returns increase more when aggregate insiders buy in medium sizes and returns fall more when aggregate insiders sell in medium sizes. 


[bookmark: _Toc431288246]Conclusions
This chapter re-examined whether the information contained in aggregate insider trading can help predict future stock market returns or whether it is stock market returns that drive aggregate insider trading. We were motivated by Jiang and Zaman (2010), Chowdhury et al (1993) and Seyhun (1988) who found conflicting results. Jiang and Zaman (2010) and Seyhun (1988) found that aggregate insider trading can help predict future stock market returns as a result of aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news. On the other hand, Chowdhury et al (1993) concluded that it is stock market returns that predict aggregate insider trading as a result of aggregate insiders acting as contrarian investors who react to changes in returns.
Using monthly UK aggregate insider trading data and FTAS returns on the VAR Granger causality and impulse response function, our results support Jiang and Zaman (2010) who suggested that the predictive ability of aggregate insider trading is due to aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news, and Seyhun (1988) who found that aggregate insider trading can help predict future stock market returns as a result of  aggregate insiders’ ability to identify and trade on the basis of economy-wide mispricing. The impulse response function graph shows that a positive shock in aggregate insider trading causes an increase in future stock market returns two months after the shock.
We contribute to previous literature by testing whether the information in aggregate insider trading that helps predict future stock market returns varies with the size of insiders’ trades. Consistent with Seyhun (1988) and Barclay and Warner (1993), our results suggest that aggregate insider traders who trade in medium trade sizes and have information about unexpected cash flow and discount rate news can help predict future stock market returns.
When we distinguish between medium insider buy and sale trade sizes, the results suggest that only information contained in medium buy trades can help predict future stock market returns, supporting Lakonishok and Lee (2001) and Chowdhury et al (1993) who previously indicated that insider buy trades are informative trades while insider sale trades are noise-related trades. 
The impulse response function results suggest that a positive shock in medium insider trades is followed 2 months later by an increase in stock market returns. The increase in stock market returns is greater with medium insider buy trades than with medium insider sale trades.  Stock market returns fall 3 to 5 months after a shock in medium insider trades. Stock market returns decrease more with medium insider sale trades than with medium insider buy trades. These findings are consistent with Seyhun (1988) who found that aggregate insiders buy more before increase in the stock market and sell more before decrease in the stock market.
Our results on UK aggregate insider trading are consistent with previous studies even though they mostly concentrated on US evidence. We may conclude that aggregate insider trading does help to predict future stock market returns and medium insider trades, specifically medium insider buy trades have predictive abilities compared to other trade transactions and sizes. Our results may be beneficial to financial regulators and market participants who want to forecast future stock market returns using aggregate insider trading. It gives a better understanding of how aggregate insiders trade depending on the basis of the mispricing they observe.
Further studies can also examine the predictive ability of aggregate insider trading and stock market volatility using information from different countries to verify if similar results can be attained.

3. [bookmark: _Toc413160545][bookmark: _Toc431288247]Chapter Three
[bookmark: _Toc413160546][bookmark: _Toc431288248]The aggregate exercise of executive stock options and stock market volatility
3. [bookmark: _Toc413160606][bookmark: _Toc413161616][bookmark: _Toc413307193][bookmark: _Toc416165378][bookmark: _Toc417573334][bookmark: _Toc422345675][bookmark: _Toc431288249]
[bookmark: _Toc431288250]Introduction
Stock market volatility is the degree to which stock prices move up and down in the market over time. It has been widely studied, measured and forecasted since the New York Stock Exchange (NYSE) stock price crash in October 1987 and the price drop in 1989[footnoteRef:19]. Poon and Granger (2003) indicated that stock market volatility is important to both market participants and academics for its role in saving and investment decisions, creating portfolios, and its function in the pricing of derivative securities.  [19:  Schwert (1990)] 

Past studies have documented that volatility is caused by interest rates, corporate bond return volatility, financial leverage and periods of recession (Schwert, 1989); introduction of derivatives in the financial market (Antoniou and Holmes, 1995; Damodaran, 1990; Harris, 1989); trading volume (Chiang et al, 2010; Campbell et al, 1993; Foster and Viswanathan, 1993).
In addition to the above causes of volatility, previous research by Barclay et al (1990) and French and Roll (1986) explained that volatility is primarily caused by private information revealed via trading by insiders. Correspondingly, Du and Wei (2004) and Leland (1992) indicated that volatility increases when insiders trade in their companies’ stocks using private information. The mechanism by which this occurs is via the increase in the rate of flow of information into the market which increases volatility as the market incorporates and adjusts to the new information. This has indirectly been investigated by Du and Wei (2004) who examined aggregate insider trading activity and stock market volatility across different countries and found results suggesting that aggregate insider trading is positively related to stock market volatility.
Insider trading is a topic of great interest to academics, practitioners, and especially regulators as it is believed that it is beneficial to observe insiders’ trading activity (Brooks et al, 2012; Lakonishok and Lee, 2001). This is because of insiders’ access to their companies’ private information, which they may use to trade in the companies’ stocks. There is evidence from studies such as Du and Wei (2004), Lakonishok and Lee (2001), Leland (1992), Seyhun (1988, 1986) who showed that insiders may exploit private information by trading in their companies’ stocks. For example, Seyhun (1988) indicated that insiders with private information about their companies may use their informational advantage and buy stocks before increase in stock prices and sell stocks before a fall in stock prices.
Although trading in their companies’ stock is not the only way by which insiders can take advantage of private information, studies on insider trading and stock market volatility have mostly concentrated on insider trading activity in the stock market. Insiders may also exploit private information by trading in the option markets, via exercising executive stock options, ESOs. We contribute to existing insider trading literature by examining the relationship between aggregate ESO exercises by executives and stock market volatility.
Executive stock options are long-dated call options granted to company executives giving them the right but not the obligation to buy a certain amount of stocks in the company at a predetermined price (the exercise or strike price) on or before the option’s expiration date. Executives are expected to wait a specified period before being allowed to exercise ESOs; this is called the vesting period, which is three years in the UK.
Early research by Gordon (1952) explained that ESOs are incentives given to key executive personnel to attract or retain them within a company, giving them the right but not the obligation to buy on or before some future date set aside specifically by the company. Gordon indicated that the purpose of ESOs is to encourage the executives to endeavour to raise the value of his option and consequently raise the value of the holdings of the shareholders.
Recently, Kyriacou et al (2010) described an ESO as a form of performance based incentive compensation with the desired effect to align the long term interests of shareholders and managers by making managers’ payoff reliant on the stock market performance of the firm. According to Bartov and Mohanram (2004), in theory, ESO awards should reduce agency costs and better align the interests of shareholders and management. However, Bartov and Mohanram (2004) mentioned that, in practice, managers appear to inflate earnings, and consequently increase their cash pay-out from ESO exercises for reasons unrelated to the effort they exert or to their firm's actual economic performance, thereby potentially reducing the effectiveness of these awards.
Past literatures have not particularly examined the effect of private information from insiders’ trades in the option market on stock market volatility. Seyhun (1992) omitted option exercises from his analysis when he examined aggregate insider trading in the stock market, assuming that they are less likely to be private information motivated transactions. McMillan et al (2012) mentioned a study by Del Brio et al (2002) who presumed that exercises and other non-stock insider trade transactions carry less or no information content and therefore are less likely to be motivated by information reasons. However, McMillan et al (2012) explained that there is a high demand for information regarding insider trading, irrespective of whether insiders trade in their companies’ stocks or their stock options as insiders know more about their companies and investors could benefit from observing the behaviour of insiders.
We are motivated to examine private information in option markets and stock market volatility as some past studies have reported more informative insider trades in option markets than stock markets, and there is also evidence that the option markets are more attractive to insiders than the stock markets. Veenman et al (2011) argued that the asymmetric payoff structure of options makes managerial wealth relatively more sensitive to stock price changes and more likely induces opportunistic behaviour compared to regular stock holdings. Veenman et al (2011) also predicted that due to increased risk taking incentives and the amplified profit potential from stock options; the sale of acquired stocks post exercise is more likely associated with income increasing earnings management than regular stock sale. Chakravarty et al (2004) explained that insiders use their informational advantage in both option and stock markets, but argued that lower transaction costs and greater financial leverage of the option markets may induce insiders to trade in the option market rather than in the stock market[footnoteRef:20]. Back (1993) and Cherian (1993) argued that investors who possess private information about the future volatility of the stock price may be more attracted to the option market rather than the stock market because they can only make their bet on volatility in the option market[footnoteRef:21]. [20:  See also Mayhew, Sarin and Shastri (1995) and Black (1975). ]  [21:  See Chan et al, 2002] 

Another motivation to examine the relationship between aggregate ESO exercise and stock market volatility is Pan and Poteshman (2006) who explained that the option market is suited for making volatility trades and it is interesting to investigate the existence and nature of volatility information in option volume.
Existing literatures have examined private information of ESO exercises and concluded the use of private information by executives to time and exercise their ESOs. Brooks et al (2012) provided evidence suggesting that ESO exercises occurring within 30 days of the expiration date are motivated by private information. They indicated that stronger private information should be revealed by observing higher negative abnormal post exercise returns and executives with negative private information about future stock performance would most likely sell stocks acquired from the exercises to avoid losses. Kyriacou et al (2010) used UK executive exercises from 1995 to 1998, to report evidence that executives used private information to exercise ESOs. They found significant negative abnormal returns following exercises in which a relatively high proportion of acquired stocks are sold. Carpenter and Remmers (2001) using US data, also found evidence of the use of private information from May 1991, by top managers at small firms where abnormal returns after exercises were significantly negative.
However, these conclusions are based on individual executive exercises. We are rather interested in the effect of aggregate ESO exercises. Huddart and Lang (2003) indicated that individual exercise decisions may constitute noisy signals and when ESO exercises are aggregated, noise in individual executives’ decisions is averaged away but the signal (the informed component) is preserved. In this regard, we contribute to existing research by aggregating executive exercises in the UK and examining whether private information from these aggregate exercises will affect stock market volatility. The mechanism by which a relationship may exist between aggregate ESO exercise and stock market volatility is via an increase in the rate of flow of information from aggregate ESO exercises into the market which increases volatility as the market incorporates and adjusts to the new information. We therefore assume that private information revealed via aggregate ESO exercise may affect stock market volatility.
On 17th July 1995, there was a change in the UK tax treatment of profits on executive stock options, introduced by the Greenbury Report. This new regime implied that UK executives no longer had the incentive to exercise and hold in order to postpone tax liability but they could exercise and sell some shares to meet resulting income tax liability. Thus, we focus on the post 1995 period to analyse the relationship between aggregate exercise of ESOs and stock market volatility, using monthly UK ESOs exercise from 2003 to 2008. We use the total number[footnoteRef:22] of ESO exercises as our measure of ESO exercises. In the analysis, we first test for Granger causality to investigate the direction of the relationship between aggregate ESO exercises and stock market volatility, and then we apply the GARCH (1, 1) model to estimate the relationship between aggregate ESO exercises and stock market volatility. The GARCH model is the appropriate model for this empirical analysis as it is designed to deal with heteroskedasticity in time series returns data. Also, given that volatility tends to cluster, the GARCH model captures the tendency in financial data for volatility clustering (Antoniou and Holmes, 1995). [22: Following Pan and Poteshman (2006) and Easley et al (1998) who indicated that option volumes (number of ESO exercises) contain information about future stock prices; we use the volumes of executives’ exercises for our analysis.] 

Following Huddart and Lang (2003), we examine whether there is information in all aggregate ESO exercises that can affect stock market volatility. Then, assuming that we only expect private information-related ESO exercises to affect stock market volatility, we categorise aggregate ESO exercises by exercises likely to be motivated by private information and exercises for non-information-related reasons. Brooks et al (2012) provided evidence that executives with private information exercise ESOs before maturity, specifically adding that when executives possess negative private information about future stock performance, these ESO exercises are immediately accompanied by sale of acquired stocks. Veenman et al (2011) found no informational content driving option exercise and hold decisions but exercise and sell decisions are associated with negative future earnings changes. Kyriacou et al (2010) indicated that executives would not exercise an ESO unless they intend to sell the acquired stocks, as the exercise of options requires the payment of the exercise price. Therefore, an executive’s decision to exercise and sell is more likely to be made if the executive has negative future information about the stock. Following past literature explained above, we classify aggregate ESO exercises into exercises accompanied by sales of stocks and those exercises not accompanied by sale of stocks, hypothesising that only exercises accompanied by the sale of stocks, which have been identified as the information motivated exercise, may affect stock market volatility.
Brooks et al (2012) did not specify whether executives sell all or only a proportion of the acquired stocks when they have negative future information. However, Kyriacou et al (2010) showed that when executives exercise and sell more than 50% of their stocks, then the exercise is more likely private information motivated. With this in mind, we first examine ESO exercises accompanied by the sale of only a proportion of the stocks to verify its effect on stock market volatility. Then, we distinguish between the sales of more or less than 50% of the stocks and test whether only the sale of more than 50% of the stocks can affect stock market volatility.
To add more evidence to the assumption that only ESO exercises motivated by private information may affect volatility, we also examine the moneyness of ESO exercises. Option moneyness is the ratio of the stock price to the exercise price. Brooks et al (2012) and Kyriacou et al (2010) explained that the moneyness of an option is another motivating factor for exercising an option when executives have private information.
When the stock price is close to the exercise price, the option is described as being near the money. Near the money options are relatively expensive to exercise as their time value is highest. Kyriacou et al (2010) explained that time value falls with moneyness, making near the money option exercises relatively expensive, therefore if an executive does not need to exercise to diversify, a near the money exercise is more likely to be driven by negative information.
We therefore assume that near the money exercises which are more likely to be motivated by private information may affect volatility via the revelation of new information to the market which increases price movement hence increasing volatility. Our final test examines the moneyness of exercises, assuming that near the money exercises which are more likely to be motivated by private information affect volatility while deep in the money exercises should not affect volatility.
In the next section, we review past literature relating to private information in ESO exercises. This is followed by a discussion of the hypotheses to be tested in section 3.3. Data and methodology are described in section 3.4. Section 3.5 discusses empirical results and section 3.6 concludes.


[bookmark: _Toc431288251]Literature Review
We examine how aggregate executives’ ESO exercises may affect stock market volatility, assuming that if aggregate executives use private information to exercise their ESOs, stock market volatility may increase via an increase in the rate of flow of information to the market. This section examines past studies that explored private information in the exercise of ESOs, giving us an idea about which exercises are more likely to affect stock market volatility.
Past studies have not directly examined the relationship between the exercise of ESOs and stock market volatility per se, but some have explored the information content of ESO exercises. A few studies have examined the relationship between aggregate insider trading and stock market volatility and it follows that there may exist a positive relationship between aggregate insiders’ stock trade transactions and stock market volatility. 
Du and Wei (2004) indirectly examined aggregate insider trading and stock market volatility on a cross country basis. They found evidence that aggregate insider trading does affect increase stock market volatility as their results confirmed the hypothesis that more prevalent insider trading is associated with a higher volatility of the stock market.
Based on Barclay et al (1990) and French and Roll (1986) that volatility is primarily caused by private information revealed through trading by insiders (in this case ESOs holders); Chakravarty et al (2004) who showed that insiders trade upon private information more in the option market than the stock market, and Veenman et al (2011) who proved that insiders trading in the option market is more informative than insider trading in the stock markets, we assume that private information revealed via the aggregate exercise of ESOs may also affect stock market volatility as does aggregate insider trading. Below, we explore past literature that provide evidence of private information in ESO exercises.
Carpenters and Remmers (2001) examined whether executives in the US use private information to time the exercise of their ESOs. They explained that if the ESO holder receives bad news about the future stock price, he may wish to reduce the long position. Because ESOs are non-transferrable, then the ESO holder would exercise the option and sell the acquired stocks, to reduce to position. They indicated that negative private information can trigger ESO exercise and this is manifested as negative abnormal stock price performance following option exercise.
They denoted that before May 1991, executives in the US had to hold their stocks acquired through ESOs for 6 months after the exercise of ESOs. ESO exercises from 1984 to 1990 significantly preceded positive abnormal stock performances, thus suggesting the use of inside information to time ESO exercises. After May 1991 when the holding restrictions had been removed and executives were being able to sell acquired stocks immediately, they expected timing by executives to show negative abnormal stock returns after ESO exercise. Using monthly calendar time series regressions of event portfolio, they found that bad news triggered option exercises but good news did not, even when income tax rates exceed capital gains tax rates. Carpenter and Remmers found less evidence of timing after May 1991 but, only found abnormal returns after exercises by top managers at small firms were significantly negative from 1992 to 1995. 
Kyriacou et al (2010) examined the information contained in the trades associated with option exercises by UK executives. They theorised that if executives incorporate private information in their trading decisions, then the proportion of acquired stocks that is sold will be related to, or influenced by, the executives’ expectations about future stock return performance. Kyriacou et al (2010) found that the sale of a high proportion of stock is consistently more informative than the sale of a low proportion of stock. Their results show evidence of the use of private information to time exercises when executives sell more than 50% of the acquired stocks and insignificance when less than 50% proportion of stocks are sold.
Kyriacou et al (2010) used the calendar time approach for their analysis, found that ESOs can be exercised based on private information and indicated that executives’ use of private information is robust to the alternative factors that might motivate ESO exercises option moneyness and the value of the exercise.
They also explained that option valuation models propose a strong positive relation between stock return volatility and option value. Executives’ trading decisions might therefore be motivated by their expectations of future return volatility. Specifically, a reduction in future return volatility reduces the value of the options they hold, providing executives with a motive to exercise their options. If executives expect a fall in future volatility, they may decide to exercise the option, irrespective of the executive’s expectations regarding the direction of subsequent stock price movements. 
However, they also indicated that a reduction in volatility could also reduce the need for executives to diversify. This is true for US executives who hold relatively undiversified personal portfolios, to the extent that they will be prepared to exercise and sell irrespective of their private information. But, UK executives have a greater personal portfolio diversification compared to US executives and do not have a persistent need to exercise and sell in order to diversify their portfolios. Moreover, UK executives would rather hold acquired stocks because sales of acquired stocks post exercise would bring forward a tax liability associated with option gains.
Kyriacou et al (2010) examined the information content of ESO exercises, controlling for other factors that may motivate ESO exercise, option moneyness being one of them. They defined option moneyness as the ratio of the stock price to the exercise price and indicated that moneyness of an option is also a motivating factor for exercising the option when executives have private information. They indicated that option moneyness increases with previous abnormal return and volatility. They also indicated that time value falls with moneyness, making near the money option exercises relatively expensive, therefore if an executive does not need to exercise to diversify, a near the money exercise is more likely to be driven by negative information. But, Kyriacou et al (2010) did not find moneyness significant throughout their analysis and explained that UK executives may not consider the loss of time value as an important factor to consider.
Veenman et al (2011) examined the information content of executive stock option exercises versus regular insiders’ stock trades by corporate insiders. They analysed the extent to which managers’ trading decisions provide information signals about future earnings performance and the quality of current earnings. They argued that the asymmetric payoff structure of options makes managerial wealth relatively more sensitive to stock price changes and more likely induces opportunistic behaviour than regular stock holdings. They showed that corporate insiders are more attracted to trade in the options market than the stock markets and insiders’ trades in the option markets are more informative than insiders’ trades in stock markets.
Veenman et al (2011) decomposed option exercises based on subsequent selling of the acquired stocks. Consistent with Aboody et al (2008), they defined conversion exercises as ESO exercises which are not followed by stock sales in the 30-day window and liquidation exercises as exercises for which all shares are sold within 30 days and the remaining observations are classified as partial liquidations. Conversion exercises which are exercise and hold transactions are similar to executives’ purchase transactions while liquidation exercises which are exercise and sell transactions are similar to executives’ sale transactions. They also added liquidation related sales from sales of previously held stocks. This enables them to compare regular equity purchases and sales with purchases and sales of stock via the exercise of ESOs. They predicted that insiders are more inclined to opportunistically liquidate their holdings ahead of disappointing future earnings performance when their potential wealth loss is greater. They found evidence suggesting that option exercises followed by sales are associated with negative future earnings changes, while regular sales of previously held stocks are not.
While comparing insiders’ sales activity in the option and stock markets, Veenman et al (2011) found more informative earnings quality associated with liquidation exercises than sales of previous stock holdings. They indicated that due to increased risk taking incentives and the amplified profit potential from stock options, option liquidation exercises are more likely associated with income increasing earnings management than regular stock sales.
Brooks et al (2012) provided evidence that executives use private information to exercise ESOs. They indicated that ESOs as executive compensation may provide executives with incentives to exploit private information and time ESO exercises, hence they examined ESO exercise and sell trades to determine if they are consistent with executives’ possession of private information. They indicated that early ESO exercises are one obvious means of exploiting private information. They explained that executives may also decide to exercise early to capture dividends, to diversify their portfolios and for tax benefits. However, they concentrated on ESO exercises associated with the use of private information.
Brooks et al (2012) examined a large sample of ESO exercises that are accompanied by immediate sale of acquired stocks, distinguishing between those exercises likely to be motivated by private information from non-information-related ESO exercises, in order to accurately identify how private information drives ESO exercises. They acknowledged previous evidence that ESOs are exercised early; if an executive has negative private information, the stock would be sold and would most likely perform poorly for a period of time thereafter.
They found that the most informed executives tend to exercise their ESOs early, they do not exercise on the vest date, they do not exercise to capture dividends, they exercise a high percentage of their ESO and they exercise when the options are least in the money (near the money). Brooks et al (2012) provided evidence suggesting that the operating performance of firms after ESO exercises motivated by private information is significantly worse compared to firms whereby their exercises are not motivated by private information.
Brooks et al (2012) tested the moneyness of options; examining whether moneyness is a factor in distinguishing exercises of options based on private information from those exercised for other reasons. They confirmed that near the money options are more costly to exercise than deep in the money options and exercising near the money options would more likely be motivated by private information. They indicated that closest to at the money (near the money) exercises should show the strongest negative performance following exercise, while those deepest in the money should show the weakest negative or possibly positive performance. Their analysis provided evidence suggesting that options which are expensive to exercise show the strongest evidence of private information while least expensive to exercise options show almost no evidence of private information. From their study, we gather that near the money exercises are motivated by private information and expect these exercises to affect stock market volatility.
However, UK evidence by Kyriacou et al (2010) did not find moneyness significant throughout their analysis and explained that UK executives may not consider the loss of time value as an important factor to consider.
In relation to Barclay et al (1990) and French and Roll (1986) that volatility is caused by private information revealed via insiders’ trades and assuming that executives might use private information to exercise their ESOs, we examine whether private information revealed via aggregate exercise of ESOs may affect stock market volatility. With the evidence provided above suggesting that executives might use private information to exercise their ESOs, we carry on by developing empirical test to test whether aggregate ESO exercises can affect stock market volatility, given that executives used private information to exercise their ESOs.


[bookmark: _Toc431288252]Hypotheses
This section presents the hypotheses concerning the impact that aggregate ESO exercises may have on stock market volatility.
[bookmark: _Toc431288253]Hypothesis 1: Aggregate ESO exercise affects stock market volatility
The first hypothesis tests whether aggregate ESO exercises affect stock market volatility. Previous studies have not paid particular attention to the information content of aggregate ESO exercises. On an individual basis, there is evidence that executives may use private information to time the exercise of their ESOs when they have information about future stock performance see (Brooks et al, 2012; Veenman et al, 2011; Kyriacou et al, 2010). 
Only a study by Huddart and Lang (2003) focusing on the aggregation of ESOs exercises specified that on an individual basis, executives’ exercise decisions may contain noisy signals; but at the aggregate level, the noise is averaged away and the signal is preserved. Following Huddart and Lang (2003), we aggregate all ESO exercises without distinguishing between exercise and hold (non-information-related) or exercise and sale (information-related) activity to verify if aggregate ESO exercises may affect stock market volatility.
[bookmark: _Toc431288254]Hypothesis 2: Aggregate ESO exercises accompanied by sale of stocks can affect stock market volatility
The next hypothesis tests whether it is only information motivated ESO exercise activity that can affect stock market volatility. We test whether ESO exercises accompanied by the sale of stocks post exercise can affect stock market volatility. Executives may use private information to exercise their ESOs which can impact stock market volatility. Specifically, executives with negative private information about future stock performance may decide to exercise and sell stocks acquired post exercise to avoid losses (see Brooks et al, 2012; Kyriacou et al, 2010). 
We segregate ESO exercises likely to be motivated by private information from those that are not, so we can better examine the relationship between aggregate ESO exercises and stock market volatility. In this case, ESO exercises accompanied by sale of stocks are considered information-related exercises while exercises not accompanied by sales are considered as non-information-related exercises. We only expect exercises accompanied by sale of stocks (information-related exercises) to affect stock market volatility.
[bookmark: _Toc431288255]Hypothesis 3: Aggregate ESO exercises accompanied by the sale of only a proportion of stocks can affect stock market volatility.
Our third hypothesis tests whether ESO exercises accompanied by the sale of only a proportion of stocks can affect stock market volatility. Specifically, we test whether volatility is mainly affected when executives sell more than 50% of their stocks post exercise. When executives possess negative private information about future stock performance, they tend to sell some of the stocks acquired from ESO exercises to avoid losses. The proportion of stocks sold post exercise is motivated by the significance of the negative private information about future stock performance possessed by executives, Kyriacou et al (2010). Executives with highly significant negative private information about future stock performance would mostly likely sell more than 50% of the stocks acquired post exercise to minimise loss.
First, we test ESO exercises accompanied by the sale of only a proportion of the stocks to verify its effect on stock market volatility. Then we partition the proportion of stocks sold into more or less than 50% of stocks sold and examine their effect on stock market volatility. We assume that when executives sell more than 50% of their acquired stocks, stock market volatility increases, as these are considered private information-related. We do not expect ESO exercises whereby less than 50% of the stocks acquired are sold to affect stock market volatility as these are not considered private information motivated.
[bookmark: _Toc431288256]Hypothesis 4: Near the money exercises affect stock market volatility
The final hypothesis tests whether only near the money exercises can affect stock market volatility.
It is relevant to exercise ESOs when they are in the money as the exercise price is still less than the stock price. For an in the money call option, increase in the moneyness of the option is associated with a fall in time value of the option. Exercising an option when it is near the money is expensive because the exercise gives up the time value of the option which at the time is highest. 
Considering that near the money options are relatively expensive, and exercising a near the money option is more likely motivated by private information, we expect near the money exercises to affect volatility via the release of new information into the market, which increases price movement, hence increasing volatility. 
In the next section, we describe the data and methodology used to test the hypotheses explained above as we investigate the relationship between aggregate exercise of ESOs and stock market volatility.


[bookmark: _Toc431288257]Data and Methodology
The purpose of this chapter is to examine private information in the aggregate exercise of ESOs and the ability of aggregate executive exercises to affect stock market volatility via private information motivated exercises. Here we describe the data and the methods we use to analyse the relationship between aggregate ESO exercises and stock market volatility.
[bookmark: _Toc431288258]Data
In this section, we outline and describe the data used to analyse private information in aggregate ESO exercises and its impact on stock market volatility. We explain how the variables are constructed and where the data is obtained from. Executives’ exercise data used for the analysis is accessed from the Directors Deals Global Data and Analysis[footnoteRef:23] and stock price data is accessed from DataStream. We use pivot tables to transform daily data into monthly data.  [23:  http://www.directorsdeals.com/] 

We use monthly stock prices from January 2003 to February 2008, obtained from FTAS (Financial Times and Stock Exchange All Shares) index to estimate stock returns. Stock prices are transformed into returns using the logs of prices illustrated in the formula below. We compute volatility by using stock returns to estimate the conditional variance of the GARCH (1, 1) model using Eviews 7. The GARCH (1, 1) model is used to estimate conditional volatility due its ability to capture volatility clustering effects in stock returns.

where   denotes returns at time t,   represents stock price at time t and represents stock price at time t-1.
A study by Gregoriou and Hudson (2015) explained the difference between mean returns calculated using logarithmic returns and simple returns. They indicated that mean returns calculated using logarithm is less than simple returns by the amount related to the variance of the set of returns. Consequently, risk calculated using logarithmic returns will systematically differ from those calculated using simple returns. Therefore, higher variance is expected with logarithmic returns than with simple returns.
The GARCH conditional variance equation is as follows: 

where  denotes conditional variance at time t,  is the intercept, stands for the ARCH parameter while  represents the GARCH parameter.symbolises the squared residuals of returns at time t-1 while  signifies the conditional volatility at time t-1.
From the dataset available from Directors Deals Global Data and Analysis, we only extract UK executives’ exercise information which we use for the empirical analysis. The Greenbury Report was introduced in the UK on 17th July 1995, and it was a new tax regime which allowed change in the UK tax treatment of profits on executive stock options. This new regime implied that UK executives no longer had the incentive to exercise and hold in order to postpone tax liability but they could exercise and sell some shares to meet resulting income tax liability. We concentrate our analysis on monthly UK executive exercises, looking at exercises from January 2003 to February 2008.
We aggregate relevant ESO exercises to obtain aggregate volume of options exercised for all executives each month. Huddart and Lang (2003) aggregated monthly ESO exercises from each given grant within a given month. They explained that individual exercise decisions may constitute noisy signals, and when ESO exercises are aggregated, noise in individual insiders’ decisions is averaged away but the signal (the informed component) is preserved.
In the previous chapters, where we studied aggregate insider trading in the stock market, we used the number of trade transactions as our measure of insider trading. Seyhun (1992) did not consider insider option exercises to be private information motivated. He  used standardized aggregate insider trading as his measure of aggregate insider trading and indicated that he preferred the number of trade transactions as his measure of aggregate insider trading because using the number of shares traded puts an equal weight on each share traded hence favouring large transactions proportionately.
However, following Pan and Poteshman (2006) and Easley et al (1998) who showed that option trading volume contains information about future stock price; we use the volumes of executives’ trading activity as our measure of executives’ exercises. Specifically, Pan and Poteshman (2006) explained that the option market is suited for making volatility trades and it is interesting to investigate the existence and nature of volatility information in option volume. Pan and Poteshman (2006) further explained that investors can use the option market to trade on information about future volatility of the stock market as they found that it takes several weeks for stock prices to adjust fully to the information embedded in option volume.
The data we use for our analysis is partitioned into various components to investigate the relationship between aggregate ESO exercise and stock market volatility at a greater depth. ESOs are exercised every trading day and sometimes more than one exercise per day by the same executive. The first hypothesis tests all aggregate ESO exercises and stock market volatility. We add up all ESO exercise activity by every executive for each calendar month to derive aggregate ESO exercises.
Executives may decide to exercise ESOs for information-related and non-information-related reasons. Therefore, examining all aggregate ESO exercises as informative is not appropriate. We differentiate between ESO exercises which have been identified by past literature as informative or non-informative. 
According to past studies such as Brooks et al (2012), executives with negative private information about future stock performance most likely exercise their ESOs and sell acquired stocks immediately. Hence, we separate ESO exercises accompanied by sale of stocks and those not accompanied by the sale of stocks and investigate whether they affect volatility differently. From our data, a majority of the exercise and sale activity occur on the same day, with only a small proportion of sales taking place up to 5 days after exercise, but these sales are all reported on the same day as their corresponding exercise activity. We therefore consider all ESO exercises accompanied by sale of acquired stocks up to 5 days after exercise as our measure of exercises followed by sales, and we sum this up for all executives for each calendar month. We also add up all daily executives’ exercises not accompanied by sales as the measure of exercises not followed by sales of stocks.
Brooks et al (2012) did not specify whether executives sell all or only a proportion of the acquired stocks when they have negative information about future stock performance. However, Kyriacou et al (2010) indicated that executives sell a proportion of their acquired stocks post exercise when they have negative information about future stock performance. Specifically, they distinguished between exercises where executives sell a small or large proportion of the stocks acquired at exercise and found significant evidence of the use of private information to time exercises when executives sell more than 50% of the acquired stocks and insignificance when less than 50% proportion of stocks are sold. 
Following Kyriacou et al (2010), we partition the exercise and sell data into exercises whereby only part of the stocks are sold (Part sold). We do this by dividing the volume of stocks sold by the volume of ESOs exercises for each exercise activity and consider only those exercises whereby the proportion sold divided by the proportion exercised is less than 1. Then, we further separate the proportion of stocks sold into exercises whereby 50% more (Sell more than 50%) or less stocks are sold (Sell less than 50%).
We consider the moneyness of ESOs and examine the effect of near the money and deep in the money exercises on stock market volatility. To estimate the moneyness of all ESO exercises accompanied by sale of stocks post exercise, we divide the stock price by the exercise price. Given that we are interested in exercises whereby the options are in the money (stock price divided by exercise price > 1), we exclude all exercises whereby the options are at the money (stock price divided by exercise price = 1) and out of the money (stock price divided by exercise price <1). Following Brooks et al (2012) who defined low moneyness as any exercises where moneyness is less than the sample median moneyness, we estimate the sample median of all in the money observations (1.879602). Then we classify all exercises less than the median as near the money exercises (Near the money), and all exercises greater than the median as deep in the money exercises (Deep in the money).
Assuming that near the money options are relatively expensive, and exercising a near the money option is likely to be motivated by private information, we expect near the money exercises to affect volatility via the release of new information into the market, which increases price movement, hence increasing volatility. We categorise ESO exercises based on near the money exercises and deep in the money exercises and use Granger causality and GARCH (1, 1) model to test the hypothesis.
Table 3.1 illustrates preliminary results of descriptive statistics for all exercise activity and volatility focusing on the skewness, kurtosis and Jacque Bera test results. The table shows that volatility and all ESO exercise variables are skewed to the right. The kurtosis coefficients are well above 3.0, implying that the distribution of all variables has fat tails compared to the normal distribution. Jacque Bera test results also show that the hypothesis of normality can be rejected at the conventional 5% level of significance for all variables.

	
	Volatility
	Aggregate Exercise
	Exercise and hold
	Exercise and sell
	Part sold
	Sell less than 50%
	Sell more than 50%
	Near the money
	Deep in the money

	 Mean
	 0.0021
	 27200325
	 11505420
	 15694905
	 9049661
	 2963177
	 6125965
	 5515407
	 9054411

	 Maximum
	 0.0090
	 1.47E+08
	 1.31E+08
	 89053992
	 73159816
	 24414392
	 52000921
	 47021217
	 86722697

	 Minimum
	 0.0006
	 843430
	 123793
	 587793
	 105301
	 0.000000
	 40770
	 0.000000
	 0.000000

	 Std. Dev.
	0.0017
	 27011082
	 19415647
	 15587693
	 10328670
	 4354051
	 7896592
	 7046157
	 11355948

	 Skewness
	1.6252
	 2.1409
	 3.9867
	 2.0668
	 2.7532
	 2.7879
	 3.0537
	 2.8894
	 3.3684

	 Kurtosis
	5.5457
	 8.1990
	 20.9342
	 8.5879
	 14.2084
	 11.9207
	 14.6419
	 14.4496
	 19.7118

	
	
	
	
	
	
	
	
	
	

	Jarque-Bera
	68.8955
	 249.4944
	 2118.6560
	 265.7131
	 857.7150
	 608.6774
	 950.5875
	 904.6743
	 1785.6750

	 Probability
	0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000
	 0.0000


Table 3.1: Descriptive statistics of stock market volatility and aggregate ESO exercises






















Note: These are descriptive statistics for stock market volatility and the variables of aggregate ESO exercise. This covers a monthly sample period of January 2003 to February 2008. Aggregate ESO exercise is the sum of executive exercises per calendar month.
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In order to investigate the relationship between aggregate ESO exercise and stock market volatility, we test the hypotheses previously presented in section 3.3 by schematically doing following. First, we test for stationarity using the Phillips Perron unit root test[footnoteRef:24]. This is followed by the ARCH test as we check for the presence of ARCH effect in the variables. Then, we test for Granger causality to investigate the direction of the relationship between ESO exercise and stock market volatility, and we apply the GARCH (1, 1) model to estimate the relationship between aggregate ESO exercise and stock market volatility. [24:  We find significant unit root test results for Augmented Dickey Fuller and Dickey Fuller but present Phillips and Perron unit root test results.] 

We test for the stationarity of aggregate ESO exercise and stock market volatility using the unit root test developed by Phillips and Perron (1988). It is important to check that the mean and variance of the data are constant and does not change over time as non-stationary data has infinite persistence in shocks which can lead to spurious regressions. A spurious regression shows significant results due to the presence of unit root in the variables. Granger and Newbold (1974) outlined the consequences of a spurious regression as inefficient estimates of the regression coefficients, forecasts based on the regression equations are sub-optimal and usual significance tests on the coefficients are invalid. To avoid these consequences, we check for the presence of unit root in the data before we can proceed to examine the relationship between aggregate insider trading and stock market volatility.
The Phillips and Perron (PP) test is a generalization of the Dickey Fuller procedure that allows for fairly mild assumptions concerning the distribution of the errors. The PP test regression is as follows:

where is the error term; and the null hypothesis is non stationarity. 
For robustness, we present unit root test results using the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) method in the Appendix.
Engle (1982) developed the ARCH test which is a Lagrange multiplier (LM) test for autoregressive conditional heteroskedasticity (ARCH) in the residuals. We use this test to check for the presence of ARCH effect in the residuals of the variables. It is reasonable to implement an ARCH or GARCH type model if we find evidence of the presence of ARCH effect in the data. This is presented in the auxiliary test regression below which shows the squared residuals on a constant and lagged squared residuals up to order.

where   is the squared residuals. The null hypothesis of no ARCH in the residuals is tested.
Granger causality is a model based on the notion that if y granger causes x, then past values of y should contain information that helps predict x above and beyond the information contained in past values of x alone. Granger causality does not explain the relationship between the aggregate ESO exercise and volatility, it only helps explain the direction of the relationship between aggregate ESO exercises variables and volatility. Brooks (2008) explained that Granger causality only means a correlation between the current value of one variable and the past values of others as it simply implies a chronological ordering of movements in the series.
The equation below demonstrates Granger causality between aggregate ESO exercise and volatility.


where  and   are volatility and executives’ exercise activity variables respectively.  is the error term and P is the optimal lag length. The null hypothesis that aggregate ESO exercises does not Granger cause volatility is equivalent to testing the restriction that for all i = 1, 2…P.
After testing Granger causality to ascertain the direction of the relationship between aggregate ESO exercises and stock market volatility, we apply the GARCH (1, 1) model to better estimate the impact aggregate ESO exercises may have on stock market volatility. Antoniou and Holmes (1995) investigated the impact of futures trading on stock market volatility and indicated that an advantage of a GARCH model is it captures the tendency in financial data for volatility clustering. The GARCH (1, 1) model developed by Bollerslev (1986) estimates the volatility of returns by assigning weights to the long run variance and has both the ARCH model and the GARCH first order terms present in the conditional variance equation. However, for the GARCH (1, 1) model to be efficient, it is necessary for both the ARCH and GARCH coefficients to be non-negative and to sum less than one. We tried the GARCH (1,1), EGARCH and GARCH in mean models, but only find significant parameter specifications of the models for the GARCH (1, 1) model, hence we present GARCH (1, 1) results.
The GARCH (1, 1) variance equation is as follows:

where  represents volatility,  is aggregate ESO exercise and  is the constant term. stands for the ARCH parameter, it shows information about volatility from previous period. represents the GARCH parameter which shows persistence in conditional volatility and last period’s forecast variance while  denotes squared residuals of return.  represents the coefficient of the relationship between aggregate ESO exercise and stock market volatility.
The next section illustrates and explains the empirical results obtained from the models above as we examine the relationship between aggregate executives’ ESO exercises and stock market volatility. Phillips Perron unit root test is used to test the stationarity of the data; this is followed by the ARCH test to check for the presence of ARCH effect. We proceed by using Granger causality test to check the direction of the relationship between aggregate ESO exercises and stock market volatility. Then the GARCH (1, 1) model is applied to estimate the impact of aggregate ESO exercise on stock market volatility, the significance of this impact and the sign; positive or negative. 


[bookmark: _Toc431288260]Empirical results
Here, we outline the empirical analyses carried out and explain the results obtained relating to the relationship between aggregate ESO exercise and stock market volatility in the UK. All data analysis and empirical tests are carried out on Eviews 7.
[bookmark: _Toc431288261]Phillips Perron unit root test
We run the Phillips Perron unit root test to check whether volatility and all exercise activity variables are stationary. Table 3.2 presents results from the Phillips Perron unit root test with p-value in parentheses. 
Table 3.2: Unit root test results
	Series
	P-values
	T Statistics
	Critical values
	No. of lags

	
	
	
	1%
	5%
	10%
	

	Volatility
	0.0000
	-9.1154***
	-3.4999
	-2.8919
	-2.5830
	5

	Aggregate Exercise
	0.0000
	-6.2544***
	-3.4992
	-2.8916
	-2.5828
	4

	Exercise and hold
	0.0000
	-7.9450***
	-3.4992
	-2.8916
	-2.5828
	6

	Exercise and sell
	0.0001
	-70.7489***
	-3.4992
	-2.8916
	-2.5828
	40

	Part sold
	0.0001
	-62.7392***
	-3.4992
	-2.8916
	-2.5828
	15

	Sell less than 50%
	0.0000
	-10.2806***
	-3.4992
	-2.8916
	-2.5828
	1

	Sell more than 50%
	0.0001
	-96.8650***
	-3.4992
	-2.8916
	-2.5828
	21

	Near the money
	0.0000
	-6.3045***
	-3.4992
	-2.8916
	-2.5828
	5

	Deep in the money
	0.0000
	-8.1459***
	-3.4992
	-2.8916
	-2.5828
	4


Note: This table reports the Phillips Perron unit root test results for volatility and aggregate ESO exercise with p-values and t statistics. ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels using an intercept. Lag selection based on the Newey-West automatic using Bartlett kernel.
From table 3.2, it is evident that volatility and all executive exercise variables are stationary at levels as the p-values are significant at 1%, 5% and 10% level, hence the null hypothesis of unit root can be rejected. The KPSS results in the Appendix, Table 5.3, also confirm Phillips Perron unit root test results.
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Next, we test for the presence of ARCH in the variables. We run the heteroskedasticity ARCH test on Eviews, using 12 lags as we are dealing with monthly data.  The results of the ARCH test for the presence of ARCH effect are presented in table 3.3 below with p-values in parentheses. The null hypothesis of no ARCH can be rejected for most variables (except exercise and hold) as p-values are significant at 1%, 5% and 10% levels. We do not find evidence of ARCH effect when executives exercise and hold stocks. The ARCH tests results suggest that it is appropriate to carry on and apply the GARCH (1, 1) model to investigate the relationship between aggregate ESO exercise and stock market volatility, for all variables except for exercise and hold activity.
Table 3.3: ARCH effect test results
	Series
	Statistics

	
Volatility
	8.356778***
(0.0048)

	Aggregate ESO exercise
	10.4462***
(0.0017)

	Exercise and hold
	2.191536
(0.1422)

	Exercise and sell
	21.7061***
(0.0000)

	Part sold
	30.2624***
(0.0000)

	Sell less than 50%
	11.6030***
(0.0010)

	Sell more than 50%
	16.9933***
(0.0000)

	Near the money
	2.149831**
(0.0304)

	Deep in the money
	11.5522***
(0.0010)


Note: This table reports the ARCH test results. ***, ** and * indicate significance at 1%, 5% and 10% levels. The p-values are in parentheses.
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The ARCH test is followed by the Granger causality model to ascertain the direction of the relationship between aggregate ESO exercise and stock market volatility. Granger causality results in table 3.4 confirm granger causality between aggregate executives exercise and stock market volatility. The Granger causality results suggest that there is information about future stock market volatility in the variables of executives’ ESO exercise activity. 
Dimitraki and Menla Ali (2015) indicted that the optimal lag length of the VAR model is often selected based on information criteria such as the Akaike information criterion (AIC), Schwarz’s Bayesian information criterion (SBIC) and the Hannan–Quinn information criterion (HQIC). But, if the VAR model is found to have misspecification, such as serial correlation with a lag selected based on the information criteria we add sufficient lags to remove such misspecification from the model. We run Granger causality based on different lag structures for each specification because we mostly find serial correlation in the VAR of the optimal lag length.
Table 3.4: Granger causality test results
	
	
	

	
	

	 Null Hypothesis:
	
	Probability

	
	
	

	
	
	

	 Aggregate ESO exercise does not Granger Cause 
	
	0.0247**

	  does not Granger Cause Aggregate ESO exercise
	0.4797

	
	
	

	 Exercise and sell does not Granger Cause 
	
	0.0078***

	  does not Granger Cause Exercise and sell
	0.7009

	
	
	

	
	
	

	Exercise and hold does not Granger Cause 
	 
	0.1276

	  does not Granger Cause Exercise and hold
	0.3647

	
	
	

	
	
	

	Part sold does not Granger Cause 
	 
	0.0129**

	 does not Granger Cause Part sold
	0.6007

	
	
	

	Sell less than 50% does not Granger Cause 
	 
	0.7117

	  does not Granger Cause Sell less than 50%
	0.4789

	
	
	

	
	
	

	Sell more than 50% does not Granger Cause 
	 
	0.0736*

	  does not Granger Cause Sell more than 50%
	0.7104

	
	
	

	
	
	

	Near the money does not Granger Cause 
	 
	0.0153**

	  does not Granger Cause Near the money
	0.7690

	
	
	

	Deep in the money does not Granger Cause 
	 
	0.0164**

	  does not Granger Cause Deep in the money
	0.9824

	
	
	


Note: This table reports the Granger causality test results for volatility and aggregate ESO exercises. ***, ** and * indicate significance at 1%, 5% and 10% levels. Based on specification, the numbers of lags used for Granger causality are lags 1 and 3.

Our first test investigates whether aggregate ESO exercises affect stock market volatility. Granger causality results suggest that there is information in aggregate ESO exercises about stock market volatility and this is evident as the p-value is significant at 5% and 10% levels. There is no evidence of granger causality from volatility to aggregate exercise of ESOs. Having established that aggregate ESO exercises granger cause volatility, we estimate the GARCH (1, 1) model to determine the relationship. 
We also test granger causality between other components of aggregate ESO exercise and volatility. We find granger causality from ESO exercises accompanied by the sale of acquired stocks to volatility (p-value is significant at 1%, 5% and 10% levels) but no granger causality when ESO exercises are not accompanied by sale of acquired stocks (exercise and hold).
Next we look at the proportion of stocks sold post exercises. Granger causality results suggest granger causality from exercise and sell part stocks and exercise and sell more than 50% of stocks to stock market volatility, as the p-values are significant at 5% and 10% levels, confirming the direction of the relationship to be from executives exercise activity to stock market volatility.
Assuming that ESO exercises motivated by private information may affect volatility, we examine the moneyness of ESO exercises. Granger causality results in table 3.4 suggest that all the variables of option moneyness, near the money and deep in the money ESO exercises, granger cause stock market volatility, with p-values less than 0.05. But there is no feedback granger causality from volatility to the moneyness of ESO exercises.
As earlier indicated, Granger causality does not mean that the exercise of ESOs causes volatility, but it only shows the direction of the relationship between aggregate ESO exercise and stock market volatility. For most of the variables of ESO exercises, we get similar results that there may be information in the exercise of ESOs about stock market volatility. Our results suggest that the direction of the relationship between aggregate ESO exercise and volatility is from aggregate ESO exercise to stock market volatility, as we mostly find unidirectional causality for ESO exercise variables. We only carry out and report GARCH (1, 1) model analysis for exercise variables with significant Granger causality results.
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Given the Granger causality results, we estimate the GARCH (1, 1) model to show the relationship between aggregate ESO exercise and stock market volatility. Below we explain the GARCH (1, 1) results obtained, these are displayed in table 3.5 with the p-value in parentheses.
Table 3.5: GARCH estimation results
	GARCH (1,1)
	

	
	
	
	
	

	Hypothesis 1

	Aggregate Exercise
	-0.0033**
(0.0266)
	0.2739**
(0.0269)
	0.4575***
(0.0029)
	0.2040**
(0.0236)

	

	Hypothesis 2

	Exercise and sell
	0.0008***
(0.0052)
	0.4242***
(0.0011)
	0.4008***
(0.0108)
	0.7007 ***
(0.0000)

	

	Hypothesis 3

	Part sold
	0.0006 ***
(0.0000)
	0.3205 **
(0.0192)
	0.3196*
(0.0725)
	0.3521 **
(0.0207)

	Sell more than 50%
	0.0002*** (0.0000)
	0.270236 **
(0.0159)
	0.4949***
(0.0001)
	0.1125**
(0.0201)

	

	Hypothesis 4

	Near the money
	0.0019**
(0.0186)
	0.2711**
(0.0251)
	0.4785***
(0.0010)
	0.1404 ***
(0.0105)

	Deep in the money
	0.0008
(0.3885)
	1.1398**
(0.0184)
	-0.1042
(0.1276)
	-0.0378
(0.5254)


Note: This table reports GARCH (1, 1) results. ***, ** and * indicate significance at 1%, 5% and 10% levels. We only report GARCH (1, 1) results for variables with significant ARCH and Granger causality test results. The p-values are in parentheses.
The results from table 3.5 suggest a positive and significant relationship between aggregate ESO exercises and stock market volatility. Aggregate ESO exercises include all information and non-information-related ESO exercises. Our results here suggest that all aggregate ESO exercises (noise-related and information-related together) do affect stock market volatility, (hypothesis 1). This can be seen as the p-value is significant at 5% and 10% levels.
We now distinguish between information-related and non-information-related ESO exercises as identified by previous studies. Previous studies such as Brooks et al (2012) indicated that ESO exercises accompanied by sale of acquired stocks are more likely to be motivated by private information. We test the hypothesis that only those exercises that are motivated by private information can affect volatility. Our data consist of ESO exercises followed by sale of stocks up to 5 days post exercise. We find that ESO exercises accompanied by sale of stocks post exercise affect stock market volatility positively and significantly. This is evident as the p-value is significant at 1%, 5% and 10% levels. This confirms previous studies such as Brooks et al (2012), Veenman et al (2011) and Kyriacou et al (2010) who provided evidence suggesting that ESOs exercises followed by sale of acquired stocks are motivated by private information, and Barclay et al (1990) and French and Roll (1986) who suggested that volatility is primarily caused by private information revealed through trading by insiders. The results confirm our hypothesis that only ESO exercises accompanied by sale of stocks (motivated by private information) can affect volatility. We did not run the GARCH (1, 1) model for exercises not accompanied by the sale of stocks as we did not find significant ARCH and Granger causality results. 
Kyriacou et al (2010) specified that when executives exercise and sell only a proportion of their stocks acquired from ESO exercises, the exercise may have been motivated by private information. Owing to this we extract ESO exercises followed by sales whereby only a proportion of the stocks are sold and examine its relationship with stock market volatility. Similar to Kyriacou et al (2010), the results suggest a positive and significant relationship when executives sell only a proportion of their acquired stocks and stock market volatility. This is evident as the p-value is significant at 5% and 10% levels. 
Furthermore, Kyriacou et al (2010) found more accurate and significant results when they differentiated between the proportions of stocks sold. We partition the proportion of stocks sold from UK ESO exercises into more than or less than 50% stocks sold. We also find a significant and positive relationship between aggregate executives’ exercises and stock market volatility when aggregate executives exercise and sell more than 50% of their stocks acquired, as evident with the p-value significant at 5% and 10% levels. When executives exercise and sell more than 50% of their exercises, the exercises are considered private information motivated. Confirming our hypothesis and consistent with Kyriacou et al (2010), Barclay et al (1990), French and Roll (1986), the results show that only private information motivated exercises will affect stock market volatility.
We add evidence to the assumption that ESO exercises motivated by private information may affect volatility by examining the moneyness of ESO exercises. Past studies such as Brooks et al (2012) and Kyriacou et al (2010) have documented that the moneyness of an option is a motivating factor for exercising the option when executives have private information. Especially, near the money exercises are more likely motivated by private information, unlike deep in the money exercises. We test the hypothesis that near the money exercises, which are more likely to be motivated by private information, may affect volatility via the revelation of new information to the market which increases price movement hence increasing volatility. Also, we do not expect deep in the money exercises to affect volatility as they are non-information-related.
Results in table 3.5 above confirm our hypotheses. We find that only near the money exercises, which have been identified as the private information motivated exercise, affect stock market volatility positively and significantly, as the p-value is significant at 1%, 5% and 10% levels. This contradicts the findings of Kyriacou et al (2010) who did not find moneyness significant throughout their analysis and explained that UK executives may not consider the loss of time value as an important factor to consider. Unfailingly, the results do not suggest a relationship between deep in the money exercises and stock market volatility.


[bookmark: _Toc431288265]Conclusions
This chapter investigated aggregate exercise of ESOs by UK executives and its relationship with stock market volatility. Based on past studies that some executive exercises are motivated by private information, we assume that private information-related ESO exercises might affect stock market volatility. The mechanism by which we expect ESO exercises to affect stock market volatility is via the increase in the rate of flow of information into the market which increases volatility as the market incorporates and adjusts to the new information. We investigate this hypothesis as we examine the relationship between aggregate ESO exercises and stock market volatility.
Our results suggest a positive and significant relationship between aggregate ESOs exercises and stock market volatility. Considering that executives may decide to exercise ESOs for information-related and non-information-related reasons, examining all ESO exercises as informative is not appropriate. We distinguish between private information motivated and non-information motivated ESO exercises. ESO exercises followed by sale of stocks are considered private information-related and those not accompanied by sale of stocks are non-information-related. Consistent with previous research, we only find that private information-related ESO exercises, ESO exercises followed by sale of stocks, affect stock market volatility positively and significantly. 
We do not find evidence of ARCH effect in ESO exercises not accompanied by sale of stocks nor do we find granger causality between ESO exercises not accompanied by sale of stocks and stock market volatility. Considering that it is inappropriate to run a GARCH (1, 1) model from the ARCH test and granger causality results using ESO exercises not accompanied by sale of stocks, we cannot confirm a relationship between ESO exercises not accompanied by sale of stocks and stock market volatility.
We examined the proportion of stocks sold that could affect stock market volatility, considering Kyriacou et al (2010) who indicated that when executives sell more than 50% of their acquired stocks, it is more likely private information-related. The results confirm Kyriacou et al (2010) as a positive and significant relationship is evident when aggregate executives exercise and sell part of their stocks and specifically when they sell more than 50% of their acquired stocks. We cannot confirm a significant relationship between aggregate executives’ exercise and stock market volatility when executives sell less than 50% of their acquired stocks.
We provide more evidence to our hypothesis that it is private information motivated exercises that can impact volatility by examining the moneyness of the exercise. Unfailingly, the results show that only private information-related exercises, near the money exercises, affect stock market volatility. We do not find any relationship between stock market volatility and deep in the money ESOs exercises.
[bookmark: _Toc413160548]Our findings provide new information to existing research on aggregate ESO exercises by executives and stock market volatility. Notably, this has not been examined by previous studies in similar context. Overall, our results are consistent with past research (Barclays et al, 1990; French and Roll, 1986) that it is only private information motivated insider trades that cause and could affect stock market volatility. 
Further research could examine aggregate executives’ exercises in the US, examining whether different results could be achieved given the difference in executive remuneration between the US and the UK. Another area of further study could compare aggregate insider trades and aggregate executive ESO exercises in the same study and examine their effects on stock market volatility.
[bookmark: _Toc431288266] Conclusions
This thesis focused on aggregate insider trading activity in the UK. We have examined how aggregate insider trading in the stock and option markets might affect stock market volatility and stock market returns. Corporate insiders may have access to their company’s private information which has not yet been reflected in stock market prices nor is publicly available to outside market participants. They may use this information to trade in their companies’ stocks. As a result, there is a high demand for insider trading information by investors who believe they can benefit from monitoring insider trades (Lakonishok and Lee, 2001). With this in mind, it is possible that if insiders decide to trade using private information, the disclosure of their trades could be informative to outside investors. The information released via insider trading activity may affect stock market volatility and may also have information that can help predict future stock market returns. Taking these into consideration, this thesis explored the informativeness of insider trades by examining aggregate insider trading. While the information content of individual insider trading has been extremely examined, little work has been done at the aggregate level.
Chapter One examined how aggregate insider trading activity affects UK’s stock market volatility. This is new contribution to insider trading literature as the relationship between aggregate insider trading and stock market volatility has not been directly investigated using actual insider trading data. There is uncertainty in the literature relating to whether aggregate insider trading affects volatility positively or negatively. Du and Wei (2004) suggested a positive relationship between aggregate insider trading and stock market volatility, even though their results are based on cross sectional analysis of stock market volatility and not actual insider trading data. It has been documented by Barclay et al (1990) and French and Roll (1986) that volatility is primarily caused by private information revealed through trading by insiders. Therefore, the mechanism by which we may expect aggregate insider trading to affect stock market volatility is via the revelation of new information to the market as an increase in the rate of flow of information could increase volatility.
Consistently, our results confirm the findings of Du and Wei (2004) and the suggestions of Barclay et al (1990) and French and Roll (1986). We find that aggregate insider trading affects stock market volatility positively, suggesting that aggregate insider trading releases new information into the market, and stock market volatility increases as prices incorporate and adjust to the information released.
Given that not all insider trades are informative, we further contribute to previous studies by distinguishing between noise-related and information-driven insider trades and examining the effect of aggregate insider trading on stock market volatility. We examined whether it is mainly the informative trades that will affect stock market volatility. Previous studies (Lakonishok and Lee, 2001; Chowdhury et al, 1993; Barclay and Warner, 1993) suggested insider buy and medium sized insider trades as informative insider trades, while insider sale, small and large sized trades are noise-related trades. 
Our results are consistent with previous studies. We find a positive relationship on stock market volatility when aggregate insiders buy stocks and when they trade in medium trade sizes. To further investigate insider trade sizes, we distinguish between medium sized insider buy and sale trades and find evidence suggesting that medium sized insider buy trades affect stock market volatility positively, with no impact from medium sized insider sale trades, hence supporting past studies on informative and noise-related insider trades. We may conclude that the effect of medium sized insider trades on stock market volatility is as a result of insiders buying in medium trade sizes. 
We considered the signal to noise ratio hypothesis by Manne (1966) who indicated that the signal to noise ratio would reduce stock market volatility as the market becomes more informationally efficient. However, we find that the signal to noise ratio increases stock market volatility as the results show a positive and significant relationship with stock market volatility. This is possibly due to the fact that the previous results suggest a positive relationship between insiders buy trades (signal) and stock market volatility.
The results of this chapter imply that if there is more prevalent aggregate insider trading activity in the UK, the stock market would be more volatile (Du and Wei, 2004). This may be relevant to market regulators who might want to consider aggregate insider trading information when establishing rules and regulations of trading in the market. Also, the results suggest that there is an increase in information efficiency (Manne, 1966) as aggregate insider trading increases the rate of flow of information into the market. Another implication of our findings is the possibility that there is information in aggregate insider trading that can help predict future stock market volatility. Further research in this area can identify different filters of informative trades to examine their effect on stock market volatility. Also, similar work can be done in different countries with different insider trading regulations.
Chapter Two further examined the informativeness of aggregate insider trading by investigating the possibility of predicting future stock market returns using aggregate insider trading information. This chapter was motivated by Seyhun (1988) who indicated that it is possible to predict future stock market returns using aggregate insider trading data as publicly available information about aggregate insider trading activity can signal subsequent changes in the stock market. 
There are contrasting results about the predictive ability of aggregate insider trading and stock market returns. On the one hand, Seyhun (1988) suggested that aggregate insider trading can help predict future stock market returns due to aggregate insiders’ ability to observe and trade on the basis of a mispricing which is due to unanticipated changes in economy-wide activity. Jiang and Zaman (2010) suggested the superior information hypothesis which explains that aggregate insider trading can help predict future stock market returns due to aggregate insiders’ ability to time the market based on their superior information about unexpected changes in future cash flow and discount rate news. On the other hand, Chowdhury et al (1993) concluded that it is market returns that predict aggregate insider trading due to aggregate insiders acting as contrarian investors who react to changes in market returns. 
Using Granger causality and the impulse response function, our results support the findings of Jiang and Zaman (2010) and Seyhun (1988) as we find that the predictive ability of aggregate insider trading is due to aggregate insiders’ ability to time the market based on superior information about unexpected changes in future cash flow and discount rate news. Results from the impulse response function show that when aggregate insider trading increases, future stock market returns increase two months after the increase.
We contribute to the literature on the predictive ability of aggregate insider trading by distinguishing between informative and non-informative trade sizes as we investigate which trade size insiders would choose given they have identified mispricing about economy-wide activity in their own companies’ stocks. Our results suggest that medium sized insider trades have information about unexpected cash flow and discount rate news that can help predict future stock market returns. This is in line with Barclay and Warner (1993) who reported early evidence relating to medium sized trades being the informative trade size. To add evidence to medium sized insider trades being informative trades, we distinguish between medium sized insider buy and sale trades and our results still suggest that only information contained in medium insider buy trades can help predict future stock market returns, supporting Lakonishok and Lee (2001) and Chowdhury et al (1993) who previously indicated that insider buy trades are informative.
The findings of chapter 2 imply that it is possible to use aggregate insider trading information, particularly medium insider buy trading information, to predict future stock market returns. These findings may be relevant to outside investors, market forecasters and academics who are interested in forecasting future stock market returns. Further research in this area can identify different filters of informative trades to examine whether they can help predict future stock market returns.
The third and final chapter examined the informativeness of aggregate insider trading in the UK’s option market. This chapter contributes to the literature of aggregate insider trading by investigating whether aggregate executives’ exercises may affect stock market volatility. Past studies such as Brooks et al (2012), Kyriacou et al (2010), amongst others, have shown that executives time and exercise their ESOs using private information. Therefore, we consider whether these private information motivated exercises may affect stock market volatility, since Barclay et al (1990) and French and Roll (1986) indicated that volatility is primarily caused by private information revealed through trading by insiders. The mechanism by which we may expect ESO exercises to affect stock market volatility is via the increase in the rate of flow of information into the market which increases volatility as the market incorporates and adjusts to the new information. We investigate this theory to verify the relationship between aggregate ESO exercises and stock market volatility. 
Using the Granger causality and the GARCH (1, 1) model, our results suggest a positive and significant relationship between aggregate ESOs exercises and stock market volatility. We further distinguish between private information motivated and non-information motivated ESO exercises. Early research has shown that when executives have private information about future stock performance, they exercise ESOs and sell acquired stocks to avoid losses (see Brooks et al, 2012; Kyriacou et al, 2010; Carpenters and Remmers, 2001). Therefore, we distinguish between ESO exercises followed by sale of stocks – exercise and sell (private information-related) and those not accompanied by sale of stocks – exercise and hold (non-information-related). Consistent with previous research, we find that ESO exercises followed by sale of stocks, which is information motivated, affect stock market volatility positively and significantly but we do not find a relationship between ESO exercises not accompanied by sale of stocks and stock market volatility.
We also considered the proportion of stocks sold post ESO exercises and its effect on stock market volatility. We find a positive and significant relationship with stock market volatility when executives sell part of the stocks acquired post exercise, and specifically when they sell more than 50% of acquired stocks post exercise. Finally, we examined the moneyness of ESOs considering that only near the money exercises which are assumed to be private information motivated will affect stock market volatility. From the results, we find that only near the money exercises can affect the volatility of the stock market.
The findings of Chapter 3 imply that aggregate insider trading activity in the option market does affect stock market volatility. These findings confirm McMillan et al (2012) who explained that insider trading information is important, regardless of whether insiders trade in the stock or option markets. Outside investors who believe they can benefit from insider trading information may also consider observing executives’ exercise activity as the results suggest that there is information in executives’ exercises which can help predict future stock market volatility.
Our findings from this thesis contribute to existing research about aggregate insider trading in UK’s stock and option markets. Past studies have mostly explored insider trading activities in the US. This thesis fills the gap on aggregate insider trading and its effect on UK stock and option markets. Our results suggest that when aggregate insiders trade in their companies’ stocks or exercise ESOs using private information, stock market volatility could be positively affected, due to an increase in the rate of flow of information into the market, causing prices to move while they incorporate the new information hence movement in prices. Also, there is a possibility that aggregate insider trading has information that can help predict future stock market returns. These findings may be relevant to outside investors who want to mimic insider trading activity, insider trading regulators, stock market returns and stock market volatility forecasters. 
We also contribute to previous studies by attempting to distinguish between information-driven and noisy insider trades. The results suggest that that it is only information-driven aggregate insider trades that affect stock market volatility and can help predict future stock market returns. We used actual aggregate insider trading data and applied unique methodology for chapters 1 and 3, Granger causality and the GARCH (1, 1), as we investigated how aggregate insider trading affects stock market volatility in both the option and stock markets.
Due to limitation in the availability of data, we only identify filters for aggregate insider trading information based on the type and size of the transactions for chapters 1 and 2. Further research can be done in this area by examining different filters of informative and noisy insider trades based on the age and rank of the directors and the size of the firms, as well as exploring the informativeness of aggregate insider trading activity in different countries, given that different countries have different insider trading rules and regulations. Since different countries have different executive remuneration, further research could extend chapter 3 by investigating aggregate executives’ exercises and stock market volatility on a cross country basis to compare results across different countries. 
Further studies can also examine anomalies with regards to the day of the week and the time of the day, to examine whether different results would be obtained and investigate the difference with liquidity trades. Another recommendation for further work is to consider UK financial crisis, separating insider trading data before and after 2007 to check whether the crisis would have an effect on the results we previously found. Further work could also test the efficient market hypothesis of strong form efficiency, given that insider trading is private information and public information is already available. Trading roles could be developed using these findings. 
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Appendix
Table 5.1: KPSS Chapter 1
	Series
	T Statistics
	Critical values
	No. of lags

	
	
	1%
	5%
	10%
	

	Volatility
	0.0214*** 
	 0.7390
	 0.4630 
	 0.3470 
	3

	TNOT
	0.1403***
	 0.7390
	 0.4630 
	 0.3470 
	10

	BNOT
	0.2330***
	 0.7390
	 0.4630 
	 0.3470 
	11

	SNOT
	0.1051***
	 0.7390
	 0.4630 
	 0.3470 
	9

	Small
	0.1156***
	 0.7390
	 0.4630 
	 0.3470 
	11

	Medium
	0.2224***
	 0.7390
	 0.4630 
	 0.3470 
	10

	Large
	0.1077***
	 0.7390
	 0.4630 
	 0.3470 
	10

	Buy medium
	0.6722***
	 0.7390
	 0.4630 
	 0.3470 
	11

	Sale medium
	0.1084***
	 0.7390
	 0.4630 
	 0.3470 
	8

	BNOT/SNOT
	0.1844***
	 0.7390
	 0.4630 
	 0.3470 
	9


Note: This table reports the KPSS unit root test results for volatility and insider trading ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels with a constant. Lag selection based on the Newey-West automatic using Bartlett kernel.
Table 5.2: KPSS Chapter 2
	Series
	T Statistics
	Critical values
	No. of lags

	
	
	1%
	5%
	10%
	

	Returns
	0.1775*** 
	0.7390
	0.4630
	0.3470
	6

	Small
	0.1156***
	0.7390
	0.4630
	0.3470
	11

	Medium
	0.2224***
	0.7390
	0.4630
	0.3470
	10

	Large
	0.1077***
	0.7390
	0.4630
	0.3470
	10

	Buy medium
	0.6722***
	0.7390
	0.4630
	0.3470
	11

	Sale medium
	0.1084***
	0.7390
	0.4630
	0.3470
	8

	Expected R
	0.5458***
	0.7390
	0.4630
	0.3470
	11

	Dividend yield
	0.5279
	0.7390
	0.4630
	0.3470
	11

	D(dividend yield)
	0.1420***
	0.7390
	0.4630
	0.3470
	6

	Price Earning 
	0.9697
	0.7390
	0.4630
	0.3470
	11

	D(Price earning)
	0.0551***
	0.7390
	0.4630
	0.3470
	7


Note: This table reports the KPSS unit root test results for returns and insider trading ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels with a constant. Lag selection based on the Newey-West automatic using Bartlett kernel.
Table 5.3: KPSS Chapter 3
	Series
	T Statistics
	Critical values
	No. of lags

	
	
	1%
	5%
	10%
	

	Volatility
	0.1950***
	0.7390
	0.4630
	0.3470
	3

	Aggregate Exercise
	0.2287***
	0.7390
	0.4630
	0.3470
	6

	Exercise and hold
	0.3797***
	0.7390
	0.4630
	0.3470
	6

	Exercise and sell
	0.0865***
	0.7390
	0.4630
	0.3470
	5

	Part sold
	0.1430***
	0.7390
	0.4630
	0.3470
	13

	Sell less than 50%
	0.1334***
	0.7390
	0.4630
	0.3470
	2

	Sell more than 50%
	0.1619***
	0.7390
	0.4630
	0.3470
	29

	Near the money
	0.2170***
	0.7390
	0.4630
	0.3470
	6

	Deep in the money
	0.2078***
	0.7390
	0.4630
	0.3470
	5


Note: This table reports the KPSS unit root test results for volatility and ESO exercise activity. ***, ** and * indicate significance at 1%, 5% and 10% levels. The test is run at levels with a constant. Lag selection based on the Newey-West automatic using Bartlett kernel.
Autoregressive (AR) Graphs
[bookmark: _Toc403902863][bookmark: _Toc431288368]Figure 4: AR Graph of returns and aggregate insider trading
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[bookmark: _Toc403902865][bookmark: _Toc431288369]Figure 5: AR Graph of returns and insider trade sizes
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[bookmark: _Toc431288370]Figure 6: AR Graph of returns and insider buy and sale trade sizes
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