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1. Introduction 

The concept of rational inattention has attracted increasing interest from researchers (e.g., 

Sims, 2003, 2010; Kacperczyk, Van Nieuwerburgh, and Veldkamp, 2014, 2016). Financial 

economists use the framework of rational inattention to explain puzzling asset pricing phenomena, 

such as the co-movement of asset prices (e.g., Peng and Xiong, 2006; Veldkamp, 2006; Veldkamp 

and Wolfers, 2007).1 Specifically, existing theoretical works predict that investors paying less 

attention to financial markets allocate relatively more attention to learning about aggregate shocks 

than to learning about firm-specific shocks, resulting in higher return correlations between firms. 

Despite these model implications, the empirical evidence of the link between investor attention 

and stock return co-movement is relatively limited. The goal of our paper is to fill this gap. 

The challenge of testing these implications is to identify exogenous shocks to investors’ 

attention.2 The innovation of our paper is to use Taiwanese nationwide lottery jackpots as repeated 

natural experiments, based on the premise that large jackpot lotteries attract investors’ attention 

away from the stock market. The following unique features of the Taiwanese nationwide lottery 

make it an ideal setting to show a causal link between attention shocks and return co-movement.  

First, large lottery jackpots have been salient nationwide events in Taiwan since the 

inception of lotteries in 2002 and have been shown to affect investor trading behaviour (Gao and 

Lin, 2015). Large jackpot lotteries can attract investors’ attention away from the stock market in 

various forms. For example, investors could spend time talking with friends about the lotteries, 

                                                 
1 The framework is also applied to explain home bias (Van Nieuwerburgh and Veldkamp, 2009), under-diversification 
(Van Nieuwerburgh and Veldkamp, 2010), etc. 
2 The proxies for investor attention in the literature include Google search (Da, Engelberg, and Gao, 2011; Liu and 
Peng, 2016), extreme returns (Barber and Odean, 2008), trading volume (Gervais, Kaniel, and Mingelgrin, 2001, and 
Hou, Peng, and Xiong, 2009), news headlines (Barber and Odean, 2008; Fang and Peress, 2009; Fang, Peress and 
Zheng, 2014; Yuan, 2015), advertisement (Chemmanur and Yan, 2010; Lou, 2014), price limits (Seasholes and Wu, 
2007), and online account logins (Karlsson, Loewenstein, and Seppi, 2009; Sicherman et al., 2016).  
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researching the details of lotto games, queuing to purchase lottery tickets, or being attracted by 

intensive media coverage. All these activities could decrease investors’ attention to the stock 

market. We test this premise and find that large jackpot days are associated with lower share 

turnover, lower Google search volume for abbreviations of firm names used by Yahoo Finance, 

and higher Google search volume for the word “lottery” in Mandarin (traditional Chinese). 3 

Second, large lottery jackpots are repeated random events. The jackpot accumulates until the 

numbers selected by one or multiple lottery buyers match the winning numbers. Therefore, the 

occurrence of large jackpots is unlikely to be driven by economic or other factors, and is largely 

exogenous. Third, the Taiwanese stock market is dominated by retail investors who are more likely 

to be attracted by large jackpots.4  

Using large jackpots of Taiwanese nationwide lotteries as exogenous shocks that attract 

investors’ attention away from the stock market, we propose two hypotheses regarding large 

jackpots and stock return co-movement. To better articulate the mechanism, we follow the same 

spirit of Peng and Xiong (2006) to develop a conceptual framework in Internet Appendix B.5 Our 

argument is as follows. Given limited attention, investors are naturally selective in processing 

information about different fundamentals (market and firm-specific shocks) to reduce their 

portfolio uncertainty. Because market shocks affect more stocks than firm-specific shocks, 

investors allocate relatively more attention to learning about market shocks. Therefore, attention 

allocated to market shocks is less sensitive to changes in investors’ attention to the stock market.  

                                                 
3 We use “Google search volume for abbreviations of firm names used by Yahoo Finance” and “Google search volume 
for firms” interchangeably, and we use “Google search volume for the word ‘lottery’ in Mandarin” and “Google search 
volume for lotteries” interchangeably.  
4 Retail investor trading volume accounts for 60% to 80% of the total trading volume in the Taiwanese stock market. 
5 Our first hypothesis corresponds to Proposition 2, and our second hypothesis corresponds to Corollary 2 in Internet 
Appendix B.   
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As a result, when investors’ attention to the stock market decreases, they disproportionately 

reduce more attention allocated to firm-specific shocks than that allocated to market shocks. More 

information about market shocks is thus incorporated into asset prices, leading to higher return co-

movement with the market. Accordingly, we propose our first hypothesis that co-movement of 

stock returns with market returns is higher on large jackpot days than on non-large jackpot days.  

In addition, because retail investors are more likely to be attracted by large jackpot lotteries, 

the impact of attention shocks is likely to be most manifested in stocks that are heavily traded by 

retail investors. Accordingly, we propose our second hypothesis: large jackpots have larger effects 

on return co-movements for the stocks preferred by retail investors.6  

To test our hypotheses, we first define large jackpot days as those with a lottery jackpot 

size exceeding 500 million Taiwan Dollar (TWD), which is approximately 15 million US dollars. 

The 500 million TWD cut-off is close to the 90th percentile of all jackpot sizes in our sample.7 

Next, we follow the literature and construct two measures to capture the return co-movement and 

incorporation of market information. The first one is the Pearson correlation coefficient between 

the stock excess return and the market excess return. The second one is adjusted R2 from estimating 

regressions of stock excess returns on the market excess returns.8  

We calculate the correlation coefficients/adjusted R2 on large and non-large jackpot days 

separately and then obtain their differences for each firm. The mean and median differences in the 

correlation coefficients between large and non-large jackpot days are 0.018 and 0.023, respectively, 

which are statistically significant. In terms of economic magnitude, the mean/median percentage 

                                                 
6 We first find that retail trading volume decreases more than institutional trading volume on large jackpot days, which 
confirms that retail investors are indeed more affected by large jackpots. For the second hypothesis, we construct 
portfolios according to the average retail trading ratio in the past 22 trading days. The portfolios preferred by retail 
investors have larger incremental co-movement with the market. 
7 Moreover, we show that our results are robust using alternative cut-offs, ranging from 400 to 600 million TWD.  
8 Morck, Yeung, and Yu (2000) and Durnev, Morck, and Yeung (2004) argue that higher R2 values indicate less firm-
specific information in stock returns. 
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increase from those on non-large to those on large jackpot days are approximately 4%/5%. 

Meanwhile, the mean and median of the differences in adjusted R2 are 0.021 and 0.018, accounting 

for approximately 10% of adjusted R2 on non-large jackpot days. Upon decomposing the change 

in correlation coefficient into change in covariance and market/stock return volatilities, we find 

that changes in correlation coefficients are mainly from changes in covariance. These results are 

consistent with our first hypothesis that stock returns co-move more with market returns on large 

jackpot days when investor attention to the stock market decreases.9 

For our second hypothesis, we construct 25 portfolios by the ratio of retail trading volume 

to total trading volume over the previous 22 trading days and get equally and value- weighted 

portfolio returns. For each portfolio, we calculate the correlation coefficients and adjusted R2 

separately on large and non-large jackpot days, and then obtain their differences. Next, we regress 

these differences on the portfolio’s ranking in terms of retail trading ratio. The coefficient of 

ranking is 0.002 with a p-value lower than 1%, indicating that a one-notch increase in the ranking 

of retail trading ratio leads to an increase of 0.002 in the incremental co-movement. This result is 

robust to alternative measures of retail preference, such as small market capitalization and high 

idiosyncratic volatility. Moreover, to alleviate the concern that our results are driven by gambling 

sentiment, we also find that the incremental co-movement with market returns is still increasing 

with the retail trading ratio, after controlling for lottery-type features (e.g., price level or skewness). 

We further use earnings announcements to test whether investors pay less attention to firm-

specific information on large jackpot days. Consistent with our previous argument, we find that 

the market response to earnings surprises is weaker on large jackpot days. This under-reaction 

corrects within the 2nd to the 5th trading days after the earnings announcements.  

                                                 
9 We also find that stock return co-movement with the market is higher on days with large Google search volume for 
“lottery” in Mandarin. These results are reported in Internet Appendix Table A6. 
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We also find that large jackpots have a spill-over effect on return co-movements. We define 

non-large jackpot days as “spillover days” if they are two, four, or six trading days around any 

large jackpot day. Based on share turnover and Google search volume, we find the investors’ 

attention to the stock market on “spillover days” is lower than that on other trading days but higher 

than that on large jackpot days. Moreover, stock return co-movement with the market is higher on 

“spillover days” than that on other trading days but lower than that on large jackpot days. 

We conduct several robustness tests. First, we use each of three choices—any lottery 

jackpot days, small jackpot days, or no lottery days—as the alternative control groups to test the 

effect of large jackpots on return co-movement. The results are qualitatively similar. Second, we 

find that the pair-wise correlation coefficients between any two firms are higher on large jackpot 

days than those on non-large jackpot days. Third, to alleviate concerns regarding the arbitrary 

definition of large jackpots, we use every 20 million TWD increment between 400 and 600 as an 

alternative cut-off to define large jackpots and find similar results. Fourth, we find that stock return 

co-movement with the market is larger on days when Google search volume for “lottery” in 

Mandarin surpasses its 90th percentile. 

 Finally, we extend our study to consider how large jackpots affect return co-movements 

with industries.10 Similar to our main argument, stock returns’ co-movement with industries would 

also be larger on large jackpot days because industry information is related to more stocks than 

firm-specific information. Moreover, because market shocks affect more stocks than industry 

shocks do, investors tend to allocate relatively less attention to learning about industry shocks than 

that to learning about market shocks when their attention to the stock market decreases. 

                                                 
10 We also consider industry shocks in our conceptual framework (see Section 2 in Internet Appendix B).  
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Consequently, large jackpots have larger impacts on return co-movement with the market than that 

with industries. We indeed find supportive evidence to the above argument. 

Our paper belongs to the literature on asset-pricing implications of rational inattention. 

Kacperczyk, Van Nieuwerburgh, and Veldkamp (2014, 2016) study attention allocation to 

aggregate/idiosyncratic shocks over business cycles, and find that mutual funds pay more (less) 

attention to aggregate (idiosyncratic) shocks during recessions. Kacperczyk, Nosal, and Stevens 

(2017) argue that investors prefer to learn about assets with high volatility. As information 

processing ability improves, investors gradually allocate attention to assets with low volatility. 

They find empirical evidence that institutions initially increase their ownership for the highest-

volatility assets, followed by growth in ownership of medium- and low-volatility assets.  

Similarly, Gondhi (2017) studies firms’ rational attention allocation in a macro model. He 

shows that aggregate (idiosyncratic) uncertainty positively (negatively) predicts input co-

movements (investment and labor). Our work provides coherent evidence for rational inattention 

as described by these papers and contributes to the literature by explicitly showing how exogenous 

shocks of investor attention to the stock market affect attention reallocation to market and firm-

specific shocks and the consequent stock return co-movements. Our paper also complements the 

model implications of Peng and Xiong (2006) by showing how attention shocks affect stock return 

co-movements with market and industries differently. 

Our paper further contributes to the literature on the determinants of stock return co-

movement (e.g., Anton and Polk, 2014; Barberis and Shleifer, 2003; Barberis, Shleifer, and 

Wurgler, 2005; Boyer, Kumagai, and Yuan, 2006; Greenwood and Thesmar, 2011; Kumar, Page, 

and Spalt, 2013, 2016). We provide a new explanation for return co-movement: the category 

learning about market/industry/firm-specific information caused by rational attention allocation. 
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Our paper is also related to Peress and Schmidt (2016) who use sensational news as 

exogenous shocks that attract retail investors’ attention from the stock market and find that trading 

activity, liquidity, and volatility drop among stocks owned mainly by retail investors. Our paper 

differs from theirs in that they study the role of retail investors as noise traders and liquidity 

providers whereas our focus is on how attention allocation affects stock return co-movements.  

 

2. Data and descriptive statistics 

2.1. The Taiwanese lottery and large jackpots 

We combine three nationwide lotteries in Taiwan: Lotto, Big Lotto, and Super Lotto 

(Powerball). Lotto began on January 22, 2002, and was replaced by Super Lotto on January 24, 

2008. Big Lotto began on January 5, 2004, and continues to the present. Super Lotto began on 

January 24, 2008, and continues to the present. The website of the Taiwan Lottery Company 

reports the cumulative prize of each lottery drawing (as its jackpot).11 The jackpot keeps increasing 

until the prize is won. Table 1 provides statistics on lottery jackpot sizes. The sample period is 

from January 22, 2002 to June 30, 2015, which includes 2,654 lottery drawings. We define a large 

jackpot to be a cumulative lottery prize (Lotto, Big Lotto, or Super Lotto) of greater than 500 

million TWD (approximately 15 million US dollars), which is slightly greater than the 90th 

percentile of our sample. Overall, there are 341 large jackpot lotteries, 304 of which are trading 

days. There are 3,029 non-large jackpot trading days, including trading days with lotteries (2,190 

days) and no lottery drawing days (839 days).  

 

[Table 1 about here] 

                                                 
11 The lottery data were hand-collected from the Taiwan Lottery Company (http://www.taiwanlottery.com.tw). The 
institutional details of lotteries in Taiwan are discussed in Table Online-I in Gao and Lin (2015). 
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2.2. Stock returns, retail investor trading ratios, and earnings announcements 

Stock trading data are drawn from the Taiwan Economic Journal. We focus on stocks listed 

on the Taiwan Stock Exchange (TWSE). Firms with fewer than 100 trading days or those listed 

after 2012 are excluded. The final sample includes 817 stocks. The TWSE provides daily returns 

for individual firms and market/industry indexes. For the daily excess returns, we calculate the 

daily risk-free rate from the rate on central bank one-month time deposits in Taiwan. 

The TWSE provides the daily number of shares bought and sold by institutional investors. 

We estimate the daily trading volume of stock i by retail investors as follows:  

𝑉𝑉𝑖𝑖,𝑡𝑡 = 𝑇𝑇𝑉𝑉𝑖𝑖,𝑡𝑡 − (𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 + 𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡),           (1) 

where 𝑇𝑇𝑉𝑉𝑖𝑖,𝑡𝑡 is the total trading shares on day t; 𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 is the number of shares bought by institutional 

investors on day t; and 𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡 is the number of shares sold by institutional investors on day t. The 

assumption is that the trading counterparties of institutional investors are individuals. 

In the analysis of the market reaction to earnings announcements, we define the earnings 

surprise by standardized unexpected earnings (SUE) (Chan, Jegadeesh, and Lakonishok, 1996; 

Chordia and Shivakumar, 2006). After the SUE and all control variables are constructed, there are 

948 earnings announcement days in our sample, 81 of which are on large jackpot days.  

2.3. Google Search Volume Index (SVI) 

The earliest data available for SVI are from January 4, 2004.12 We collect the Google SVI 

for the search items of the stock name abbreviations used by Yahoo Finance (Taiwan) to measure 

investor attention on individual stock information.13 We exclude firm name abbreviations that also 

                                                 
12 Google search volume data were collected manually from Google Trends (https://www.google.com/trends/).  
13 We do not use ticker symbols in Taiwan because they are 4-digit numbers, which are too imprecise as identifiers 
for a search item. Neither do we use company names as search keywords because Da, Engelberg, and Gao (2011) 

https://www.google.com/trends/


9 
 

have general meanings, resulting in 763 firms remaining in our sample. The search word 

measuring the search interest for lotteries is “lottery” in traditional Chinese (“樂透”), the official 

language in Taiwan. 

The search interest required for our analysis is at daily level. However, daily search interest 

could only be downloaded for each quarter at most, and their values are not comparable across 

quarters. Given that weekly search interest retrieved from Google is comparable throughout the 

sample period, we construct adjusted daily SVIs as follows: Adjusted daily SVI= (Weekly SVI to 

which the day belongs) × (Unadjusted daily SVI/Weekly average of unadjusted daily SVI). To 

control any potential seasonal patterns or time trends, we follow the literature to construct 

abnormal SVI, which is the difference between SVI and the median of SVI from the previous 25th 

week to 5th week, scaled by the median.  

 
3. Large lottery jackpots and return co-movement 

As we argue in the introduction, when investors’ attention to the stock market decreases, 

they allocate relatively more attention to market shocks than to firm-specific shocks. Consequently, 

relatively more market information is incorporated into stock returns. Stock returns thus could co-

move more with the market. In this section, we first show that large lottery jackpots indeed attract 

investors’ attention away from the stock market. We then test our two hypotheses by using large 

lottery jackpots as repeated natural experiments of attention shocks.  

3.1. Large jackpots as exogenous attention-distraction events 

The jackpots, especially the large ones, are usually heavily reported by the media. Investors 

could be attracted by the intensive media coverage or could spend time talking with friends about 

                                                 
argue that investors searching for company names could be interested in products rather than financial information. 
The unique stock name abbreviations by Yahoo Finance (Taiwan) are likely to capture investors’ interest in stocks. 
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the lotteries, researching the details of lotto games, or queuing to purchase lottery tickets. Large 

lottery jackpots have been shown to affect retail trading on lottery-like stocks by Gao and Lin 

(2015). They argue that a large lottery jackpot “draws their [investors’] attention away from 

trading stocks.” In other words, on large jackpot days, investors allocate more attention to the 

lottery and less attention to the stock market.  

In this subsection, we validate large jackpots as exogenous shocks that attract investors’ 

attention away from the stock market in two respects: share turnover and Google search volume. 

We argue that when investors pay less attention to the stock market, one direct consequence is a 

lower share turnover. Consistent with this argument, Table 2 shows that the average daily share 

turnover is lower on large jackpot days. After controlling for firm, year, month, and day-of-the-

week fixed effects, daily share turnover significantly drops by 0.015% on large jackpot days. 

Next, we use Google Search Volume Index (SVI) as a more direct measure for investor 

attention (Da, Engelberg, and Gao 2011). Because Google is the most popular search engine in 

Taiwan, search interest should largely measure investor attention. If large jackpots attract investors’ 

attention away from the stock market, Google search interest for firms would be weaker, and the 

search interest for lotteries would be stronger on large jackpot days.  

Table 2 provides consistent results. For example, Panel A shows that, compared with non-

large jackpot days, large jackpot days are associated with lower abnormal SVI for firm name 

abbreviation. These results are further confirmed in Panel B of Table 2 with regressions controlling 

for firm, year, month, and day-of-the-week fixed effects. These findings indicate that large 

jackpots indeed attract investors’ attention away from the stock market.  

 

[Table 2 about here] 
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One important advantage of using large jackpot lotteries is that they are exogenous events. 

The jackpot accumulates until the numbers selected by one or multiple lottery buyers match the 

winning numbers. The existence of large jackpots is primarily attributable to the absence of 

winners in the previous lottery drawings. Thus, large jackpots are unlikely to be driven by 

economic or other confounding factors.14 Occurrences of large jackpots can thus be regarded as 

repeated natural experiments to test our two hypotheses.15 In the following main tests, the control 

group is non-large jackpot days, including trading days with jackpot size smaller than 500 million 

TWD and no lottery days. The results using alternative control groups (including any lottery days, 

small jackpot days, and no lottery days) are reported in Section 4.3. 

3.2. Return co-movement with the market 

Our first hypothesis states that the stock return co-movement with the market would go up 

on large jackpot days. We follow the same spirit of Peng and Xiong (2006) and develop a 

conceptual framework in Internet Appendix B to better convey the economic mechanism. To test 

this hypothesis, we calculate two measures of return co-movements on large and non-large jackpot 

days separately. The first measure is the time-series Pearson correlation coefficient (Peng and 

Xiong, 2006; Anton and Polk, 2014). The second measure is the adjusted R2 obtained from the 

market model regressions (Barberis, Shleifer, and Wurgler, 2005).  

                                                 
14 There is no significant difference in jackpot size (or the percentage of large jackpots) between recession and 
expansion periods.  
15 One concern is that large jackpots could be related to investors’ funding constraints. This is not likely the case. First, 
lottery tickets are cheap (Lotto/Big Lotto is 50 TWD/unit and Powerball is 100 TWD/unit), and the average ratio of 
lottery sales is only about 0.02% of the stock market trading value. Second, if the lottery affects the funding, large 
jackpots would have large impacts on retail buy volume but not on sell volume. However, Gao and Lin (2015) find 
that the change in retail buy volume is not significantly different from that in sell volume on large jackpot days.  
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The first measure is calculated as follows. For firm i, the correlation coefficient between 

the stock excess return and the market excess return on large jackpot days is denoted as 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿, 

whereas the correlation coefficient on non-large jackpot days is denoted as 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿. To show 

the large jackpots’ effect on the correlation coefficient, we compute 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿 −

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(absolute difference) and (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿)/ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 (percentage change).  

The second measure is adjusted R2. The literature argues that adjusted R2 measures firm-

specific information in the stock returns (Morck, Yeung, and Yu, 2000; Durnev, Morck, and Yeung, 

2004). Specifically, higher R2 indicates more (less) market (firm-specific) information in stock 

returns. For firm i, adjusted R2 is from the following regressions on large jackpot days and on non-

large jackpot days separately: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽𝑖𝑖 ∗ 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡.          (2) 

The adjusted R2 from the above regressions on large and non-large jackpot days are 𝑅𝑅�𝑖𝑖
2 𝐿𝐿𝐿𝐿𝐿𝐿 

and 𝑅𝑅�𝑖𝑖
2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 respectively. To show the large jackpots’ effect on adjusted R2, we compute 𝑅𝑅�𝑖𝑖

2 𝐿𝐿𝐿𝐿𝐿𝐿 −

𝑅𝑅�𝑖𝑖
2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(absolute difference) and (𝑅𝑅�𝑖𝑖

2 𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑅𝑅�𝑖𝑖
2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿)/𝑅𝑅�𝑖𝑖

2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 (percentage change). 

 

[Table 3 about here] 

 

Table 3 shows that the mean and median of the absolute differences in stock return 

correlations with the market are 0.018 and 0.023, with a p-value smaller than 1%.16 The mean and 

median of the percentage changes are approximately 4% and 5%. Meanwhile, adjusted R2 on large 

jackpot days are 0.021 (mean) and 0.018 (median) larger than that on non-large jackpot days, with 

                                                 
16 We use the paired t-test (Wilcoxon signed-rank test) to test mean (median) difference. 
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a p-value smaller than 1%. The mean of percentage changes in adjusted R2 is approximately 10%. 

The incremental co-movement driven by large jackpots are economically meaningful as well. For 

comparison, Barberis, Shleifer, and Wurgler (2005) show that additions into S&P 500 increase R2 

by 0.04, and deletions from S&P 500 decrease R2 by 0.01.17 

In summary, we find that stock return co-movement with the market on large jackpot days 

is higher than that on non-large jackpot days. This is consistent with our first hypothesis that large 

jackpots attract investors’ attention away from the stock market and investors allocate relatively 

more attention to market shocks, leading to higher stock return co-movements with the market.  

3.3. The distinctions among the drivers of changes in correlation coefficient  

This subsection pins down the main driver of change in the correlation coefficient from 

among the following three components: co-movement in two random variables (the covariance), 

stock return volatility, and market return volatility.  

To measure the contribution of each driver in correlation coefficient differences, we first 

take the natural logarithm of correlation coefficients on large jackpot days and non-large-jackpot 

days, respectively. Next, we decompose the difference in the logarithm of correlation coefficients 

into three components as the following formula for each firm i: 

log 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 = log 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 − log 𝑆𝑆𝑡𝑡𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑅𝑅𝑅𝑅𝑡𝑡𝑖𝑖)

𝑆𝑆𝑡𝑡𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑅𝑅𝑅𝑅𝑡𝑡𝑖𝑖)
− log 𝑆𝑆𝑡𝑡𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑡𝑡𝑅𝑅𝑅𝑅𝑡𝑡)

𝑆𝑆𝑡𝑡𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑡𝑡𝑅𝑅𝑅𝑅𝑡𝑡)
.             (3) 

 
In the above formula, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿(𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿) is the correlation coefficient (covariance) between 

firm i’s excess returns and market excess returns on large jackpot days. 

𝐼𝐼𝑅𝑅𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖) 𝑎𝑎𝑎𝑎𝑆𝑆 𝐼𝐼𝑅𝑅𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅) are the standard deviations of firm i’s excess returns and 

                                                 
17 Large jackpots have large impacts on stock co-movements for the stocks preferred by retail investors. In untabulated 
results, for the stocks traded heavily by retail investors, the difference between correlation coefficients on large and 
non-large jackpot days can be as high as 0.1. 



14 
 

market excess returns on large jackpot days. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 (𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿) is the correlation coefficient 

(covariance) between firm i’s excess returns and market excess returns on non-large jackpot days. 

Finally, 𝐼𝐼𝑅𝑅𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖) 𝑎𝑎𝑎𝑎𝑆𝑆 𝐼𝐼𝑅𝑅𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)  are the standard deviations of firm i’s excess 

returns and market excess returns on non-large jackpot days. 

We calculate how much the change in correlation coefficient is attributed to the three 

components by dividing them by the change in correlation coefficient. 

1 =
log

𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿

log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿�������

+ [

𝐴𝐴

−
log

𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿�𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖�
𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿�𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖�

log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿�����������

] + [

𝐵𝐵

−
log 𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑆𝑆𝑅𝑅𝑅𝑅𝑆𝑆)

𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑆𝑆𝑅𝑅𝑅𝑅𝑆𝑆)

log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿�����������

𝐶𝐶

]                           (4) 

 
The cross-sectional tests for the three components—A (percentage contribution from 

covariance), B (percentage contribution from individual firm return volatility), and C (percentage 

contribution from market return volatility)—are shown in Table 4. The three components are 

winsorized independently at the 97.5% and 2.5% levels to mitigate the effect of extreme values. 

Table 4 shows that the change in correlation coefficient with the market is primarily attributable 

to the change in covariance instead of changes in the volatilities. The mean and median percentage 

contributions from covariance are approximately 138% and 124%, respectively.  

 

[Table 4 about here] 

 

Moreover, we test whether the covariance change is significantly different from zero. We 

calculate the covariance between each firm return and market return on large jackpot days and 

non-large jackpot days, obtaining the paired difference and percentage difference for each firm. 
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The last column of Table 4 shows the covariance with the market increases on large jackpot days, 

which supports our first hypothesis.  

3.4. Retail investor preference and stock returns’ co-movement  

Intuitively, retail investors are more likely to be attracted by large jackpots. Hence, large 

jackpots should have larger impacts on the stocks preferred by retail investors. Our second 

hypothesis predicts that the returns of stocks preferred by retail investors co-move more with the 

market than others do. This subsection provides evidence to support this hypothesis. 

Before presenting the formal tests, we first show that retail investors are more likely to be 

attracted by large jackpot lotteries. We perform panel regressions of retail turnover (retail trading 

volume divided by total shares outstanding) and institutional turnover (institutional trading volume 

divided by total shares outstanding) on a large jackpot day dummy variable, controlling for firm, 

year, month, and day-of-the-week fixed effects (Panel A of Table 5). We find that retail turnover 

decreases significantly on large jackpot days whereas the institutional turnover does not. 

Next, for each day, we sort all stocks into 25 portfolios based on the average retail trading 

ratio in the past 22 trading days, which is defined as the past 22 days’ total retail trading volume 

divided by the past 22 days’ total trading volume: 

 𝐼𝐼𝑅𝑅𝐶𝐶𝑖𝑖,𝑡𝑡 = ∑ 𝑉𝑉𝑖𝑖,𝑆𝑆𝑆𝑆−1
𝑆𝑆−22

∑ 𝑇𝑇𝑉𝑉𝑖𝑖,𝑆𝑆𝑆𝑆−1
𝑆𝑆−22

.           (5) 

We construct 25 portfolios, denoted as portfolio j, in which j=1, 2, …, 25 is the ranking of 

the retail trading ratios (where j=1 represents the portfolio with smallest retail trading ratio).18 For 

portfolio j, we obtain the time-series correlation coefficients between the equally weighted or 

value-weighted portfolio returns and the market returns on large jackpot days 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗
𝐿𝐿𝐿𝐿𝐿𝐿 and non-

                                                 
18 The results are similar if either we use the current day’s retail trading ratio to form portfolios, or we construct 10 
portfolios. 
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large jackpot days 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿. For portfolio j, we also get adjusted R2 from the following time-

series regressions on large jackpot days 𝑅𝑅�𝑗𝑗
2 𝐿𝐿𝐿𝐿𝐿𝐿 and non-large jackpot days 𝑅𝑅�𝑗𝑗

2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿: 

𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽𝑗𝑗 ∗ 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 + 𝜀𝜀𝑗𝑗,𝑡𝑡.        (6) 

𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 denotes the equally weighted or value-weighted excess return for portfolio j at 

time t. To test whether large jackpots have larger impacts on portfolios more preferred by retail 

investors, we perform the following cross-sectional regressions: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗
𝐿𝐿𝐿𝐿𝐿𝐿 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗

𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽 ∗ J ,         (7) 

𝑅𝑅�𝑗𝑗
2 𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑅𝑅�𝑗𝑗

2 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽 ∗ J,          (8) 

where 𝐽𝐽 is the ranking of retail investor trading ratios. The regression results are presented in Table 

5. The coefficients of ranking are positive and significant at the 1% level, indicating that portfolios 

with higher retail trading ratios have larger incremental co-movements with the market. 

Specifically, a one-notch increase in the ranking of retail trading ratios drives up the incremental 

correlation coefficient and adjusted R2 by approximately 0.002.19 

 

[Table 5 about here] 

 

3.5. Gambling sentiment 

One potential concern is that large jackpots could be correlated with gambling sentiment, 

which would potentially drive up the return co-movement (Kumar, Page, and Spalt, 2016). This 

subsection provides evidence that the increase in co-movement on large jackpot days is not 

primarily driven by the gambling sentiment effect. If the co-movement change is exclusively 

                                                 
19 We consider two alternative measures of retail preference: (1) market capitalization (Kumar and Lee, 2006) and (2) 
idiosyncratic volatility (Kumar, 2009). The results are similar and reported in Internet Appendix Table A2. 
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driven by gambling sentiment, the effect should be only concentrated on lottery-type stocks. 

However, we find that stocks preferred by retail investors still co-move more with the market on 

large jackpot days, even after controlling for the effect of lottery-type features.  

Because gamblers in the stock market prefer stocks with low prices, high idiosyncratic 

volatility, and high idiosyncratic skewness (Barberis and Huang, 2008; Kumar, 2009; Green and 

Hwang, 2009, 2012), we tease out lottery-type features from retail preference as follows. At each 

date, we obtain residual terms from cross-sectional regressions of the retail trading ratio (past 22 

trading days) on average closing price (past 22 trading days), idiosyncratic volatility (past 150 

trading days), and idiosyncratic skewness (past 150 trading days). The residuals represent 

characteristics other than lottery-type features preferred by retail investors. Next, for each date, we 

sort stocks into 25 portfolios by the residual and calculate the equally weighted and value-weighted 

portfolio excess returns. After calculating the increase in co-movement with the market for each 

portfolio on large jackpot days, we regress the incremental co-movement on the ranking of retail 

preference. Table 6 shows that the coefficients of ranking are positive and significant at the 5% 

level after controlling for lottery-type features. This suggests that co-movement change on large 

jackpot days is not purely driven by gambling sentiment.20  

 

[Table 6 about here] 

 

4. Additional results and robustness checks 

Our hypothesis argues that investors pay relatively less attention to firm-specific 

information on large jackpot days. In this section, we use market response to earnings surprises to 

                                                 
20 We also find that the change in firm returns’ co-movement with non-lottery-type stocks is similar to that with lottery-
type stocks, suggesting that our findings could not be driven only by gambling sentiment.  
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provide corroborative evidence. In addition, we examine if there is any spillover effect of large 

jackpots by looking at the share turnover, Google search volume, and return co-movements around 

the large jackpot days. Furthermore, we repeat the main analysis using alternative control groups 

including any lottery drawing days, small lottery jackpot days, and no lottery drawing days. Finally, 

we provide robustness checks on alternative ways to define a large jackpot day.    

4.1. Market reaction to earnings announcements 

Following the literature (Chan, Jegadeesh, and Lakonishok 1996; Chordia and Shivakumar, 

2006), we measure earnings surprises by the standardized unexpected earnings (SUE). The SUE 

of firm i in quarter q is calculated as follows: 

𝐼𝐼𝑆𝑆𝑆𝑆𝑖𝑖,𝑞𝑞 = 𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑞𝑞−𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑞𝑞−4
𝜎𝜎𝑖𝑖,𝑞𝑞

,          (9) 

where 𝑆𝑆𝑝𝑝𝑠𝑠𝑞𝑞 is the earnings per share at quarter q and 𝑆𝑆𝑝𝑝𝑠𝑠𝑞𝑞−4 is the earnings per share at the same 

quarter in the previous year. 𝜎𝜎𝑖𝑖,𝑞𝑞  is the standard deviation of 𝑆𝑆𝑝𝑝𝑠𝑠𝑖𝑖,𝑞𝑞 − 𝑆𝑆𝑝𝑝𝑠𝑠𝑖𝑖,𝑞𝑞−4 in the previous 

eight consecutive quarters. We sort SUEs into deciles to mitigate the nonlinear relationship 

between stock returns and SUEs (Kothari, 2001). The announcement day abnormal return is 

calculated as follows: 

𝐴𝐴𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 − 𝛽𝛽𝑖𝑖,𝑡𝑡𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 ,          (10) 

where 𝛽𝛽𝑖𝑖,𝑡𝑡 are estimated by the market model from 300 trading days to 46 trading days prior to the 

announcement days. The cumulative abnormal return for firm i is as follows: 

𝐶𝐶𝐴𝐴𝑅𝑅(𝜏𝜏 + ℎ, 𝜏𝜏 + 𝐻𝐻)𝑖𝑖,𝑡𝑡 = [∏ (1 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑗𝑗)] − 1 − 𝛽𝛽𝑖𝑖,𝑡𝑡[∏ �1 + 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗�𝜏𝜏+𝐻𝐻
𝑗𝑗=𝜏𝜏+ℎ

 𝜏𝜏+𝐻𝐻
𝑗𝑗=𝜏𝜏+ℎ − 1] . (11) 

To capture the effects of large jackpots on the market reactions to earnings surprises, we 

perform regressions of announcement day abnormal return CAR(0,0) and cumulative abnormal 

returns within the windows of (0,1), (2,5), and (6,60) on the large jackpot dummy variable, SUE 
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decile, the interaction between large jackpot dummy and SUE decile, and a set of control variables 

as follows: 

𝐶𝐶𝐴𝐴𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐽𝐽𝐿𝐿𝑡𝑡 + 𝛼𝛼2𝐼𝐼𝑆𝑆𝑆𝑆 𝑆𝑆𝑅𝑅𝑑𝑑𝑑𝑑𝑑𝑑𝑅𝑅 𝐶𝐶𝑎𝑎𝑎𝑎𝑀𝑀𝑖𝑖,𝑡𝑡 + 𝛼𝛼3�𝐿𝐿𝐽𝐽𝐿𝐿𝑡𝑡 ∗ 𝐼𝐼𝑆𝑆𝑆𝑆 𝑆𝑆𝑅𝑅𝑑𝑑𝑑𝑑𝑑𝑑𝑅𝑅 𝐶𝐶𝑎𝑎𝑎𝑎𝑀𝑀𝑖𝑖,𝑡𝑡� +

∑ 𝑑𝑑𝑀𝑀𝐶𝐶𝐶𝐶𝑎𝑎𝑅𝑅𝐶𝐶𝐶𝐶𝑑𝑑𝑠𝑠𝑖𝑖,𝑡𝑡 +𝐾𝐾
𝑀𝑀=1 𝜀𝜀𝑖𝑖,𝑡𝑡.                 (12) 

The controls include industry dummies, the decile of market capitalization, the number of 

announcements on the same day, share turnover, and fixed effects with year/month/day-of-the-

week and the average retail trading ratio/stock return/idiosyncratic volatility in the prior 22 days. 

Standard errors are double clustered by the announcement day and firm.  

Table 7 shows that the estimates of 𝛼𝛼3 are significantly negative for announcement-day 

abnormal return and CAR(0,1) (𝛼𝛼3 are −0.047 and −0.089, respectively). This implies that market 

reactions to earnings surprises decrease by 65% on large jackpot days (0.047/0.072, where 0.072 

is the announcement day’s market reaction to earnings surprises on non-large jackpot days). The 

result supports our argument that less attention is paid to firm-specific information on large jackpot 

days.  

 

[Table 7 about here] 

 

Because the market under-reacts to earnings surprises on large jackpot days, we expect this 

under-reaction corrects in the following days. Column (3) of Table 7 shows that, within the 

window from the 2nd to 5th trading day, a one-notch increase in the SUE decile rank results in an 

increase in return of 0.197 on non-large jackpot days. More interestingly, there is an additional 

increase of 0.137 if the earnings are announced on large jackpot days, which is the delayed market 

response to the earnings surprises. Within the window from the 6th trading day to the 60th trading 
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day, the market reaction to earnings surprises on the large jackpot days is not significantly different 

from that on the non-large jackpot days, indicating that under-reaction corrects in a short window.  

4.2. The spillover of large jackpots and return co-movement 

We have shown that investor attention to the stock market decreases, and stock return co-

movement with the market increases on large jackpot days. It would be interesting to investigate 

the dynamics of this large jackpot effect. Hence, we divide non-large jackpot days into either two, 

four, or six trading days around any large jackpot days (referred to as “spillover days”) and others.  

To examine whether investors’ attention is also attracted by large jackpots on “spillover 

days,” we perform the same analysis in Table 2, but include a spillover day dummy variable. The 

results are reported in Internet Appendix Table A3. The share turnover, SVI and abnormal SVI for 

firms on “spillover days” are significantly lower than those on other non-large jackpot days but 

are still higher than those on large jackpot days. The SVI and abnormal SVI for lotteries on 

“spillover days” are significantly larger than those on other days, but are still lower than those on 

large jackpot days. The magnitude of the coefficients of the spillover day dummy term decreases 

with the window length.  

More importantly, we find a spillover effect on the return co-movements. For each firm, 

we calculate the correlation between stock returns with market and adjusted R2 from the market 

model on large jackpot days, “spillover days”, and other days separately. Table 8 shows that there 

are significant differences between the co-movement on “spillover days” and other days. For 

example, the median correlation coefficients on “spillover days” (2-day window) and other days 

are 0.476 and 0.456, respectively. Moreover, this spillover effect on co-movements decreases with 

the window length. For instance, the median correlation coefficients on 4-day window and 6-day 

window “spillover days” are 0.468 and 0.463, respectively. 
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[Table 8 about here] 

 

4.3. The role of lotteries: large jackpot, small jackpot, any lottery, and no lottery days 

To further explore the effect of lotteries on return co-movement, we categorize all trading 

days into large jackpot (with jackpot size larger than 500 mil. TWD), any lottery (with any lottery 

drawing), small jackpot (with jackpot size smaller than 64 mil. TWD), and no lottery days (with 

no lottery drawing). We conjecture that as long as there is a lottery drawing event, investors could 

be attracted by lotteries more or less on lottery days. We calculate the correlation coefficient and 

adjusted R2 on large jackpot days, any lottery days, small jackpot days, and no lottery days for 

each firm. Table 9 shows that stock return co-movement with the market on large, any lottery, or 

small lottery jackpot days is significantly larger than that on no lottery days.21  

More importantly, we repeat our main analysis using small jackpot days as the control 

group to elicit the effect of salient events with large wealth implications instead of any news events. 

Internet Appendix Table A5 shows that based on share turnover, Google search volume for firms 

and lotteries, investor attention to the stock market is indeed smaller on large jackpot days than 

that on small jackpot days. Furthermore, Table 9 shows that stock return co-movement with the 

market on large jackpot days is significantly larger than that on small jackpot days. Similarly, stock 

return co-movement with the market on large jackpot days is significantly larger than that on any 

                                                 
21 In untabulated results, based on share turnover, Google search volume for “lottery” in traditional Chinese, and 
Google search volume for firm name abbreviation, we find that investor attention to the stock market (lottery) is indeed 
smaller (larger) on small lottery days compared with no lottery days. We conjecture that this might be due to nontrivial 
prizes of small jackpot lotteries. The mean and median prizes of small jackpot lotteries are 46 and 47 million Taiwan 
dollars, which are more than 80 years’ income of ordinary people. 
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lottery days. These results indicate that our main findings are robust when we use alternative 

control groups.  

 

[Table 9 about here] 

 

4.4. Robustness checks 

We carry out several robustness checks. First, we consider the pair-wise correlation 

coefficient between any two firms besides the correlation with market. The pair-wise correlations 

on large jackpot days are on average higher than those on non-large jackpot days (reported in 

Internet Appendix Table A1).22 Second, to alleviate the concern that the 500 million TWD cut-off 

is arbitrary, we perform the same tests as that of Table 3 by using every 20 million TWD increment 

between 400 and 600 as alternative cut-offs to define large jackpot days and find similar results 

(Internet Appendix Table A4).23 Third, we consider an alternative measure of days when investors 

are attracted by the lotteries: Google search volume for “lottery” in traditional Chinese. 

Specifically, we define large search volume days as those with daily Google search volume of 

“lottery” greater than the 90th percentile in our sample. We find that stock return co-movement 

with the market is larger on large Google search volume days than that on non-large Google search 

volume days (Internet Appendix Table A6). 

 

5. Extension: stock return co-movements with the market and with industry returns  

                                                 
22 This finding is in line with Proposition 3 of Peng and Xiong (2006) and mitigates the concern that the increase in 
co-movement on large jackpot days is driven by the exit of gamblers. Because gamblers tend to have correlated trading 
(Barber, Odean, and Zhu, 2009a and 2009b), their exit could induce a decrease in return co-movements. 
23 The results also hold if we use every 10 million TWD between 400 and 600 as cut-offs to define large jackpot days.  
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Our first hypothesis is that investors pay relatively more attention to market shocks than to 

firm-specific shocks because market information is more effective in reducing portfolio 

uncertainty. This argument could also be applied to industry-specific shocks. Furthermore, 

attention allocated to market shocks is less sensitive to attention shock than that to industry shocks 

because market shocks are related to more stocks than industry shocks. Consequently, when 

investor attention to the stock market decreases, investors tend to allocate relatively more attention 

to market shocks that to industry shocks. This leads to two predictions of which detailed 

derivations are in Section 2 of Internet Appendix B. First, stock return co-movement with industry 

returns is higher on large jackpot days than that on non-large jackpot days. Second, the incremental 

return co-movement with the market is larger than that with industries.  

To test the predictions, we calculate each stock’s return co-movement with the 

corresponding industry returns on large and non-large jackpot days separately. Table 10 shows 

that the difference between stock return co-movement with industry on large and non-large jackpot 

days is statistically significant (with p-value lower than 0.01). For example, the mean and median 

differences in the correlation coefficients are 0.012 and 0.016, respectively. 

More importantly, Table 10 shows that large jackpots have larger impacts on stock return 

co-movement with the market than with industries. Regarding the correlation coefficient, Column 

(1) shows that the mean difference between stock return co-movements with the market on large 

and non-large jackpot days is 0.018, which is significantly higher than the mean difference 

between stock return co-movement with industries on large and non-large jackpot days (0.012). 

This difference-in-differences (0.005) is statistically significant (p-value is lower than 0.01).  

 

[Table 10 about here] 
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We further explore potential mechanisms for the above difference-in-differences across 

industries. Because investors allocate more attention to learning about shocks with larger impacts 

on the uncertainties in their portfolios, the attention allocated to shocks with larger impacts is less 

sensitive to attention changes. When a specific industry has a smaller number of firms or a smaller 

market capitalization, this industry shock has a smaller impact on the uncertainties of investors’ 

portfolios. Investors would thus allocate relatively less attention to the shocks in this industry than 

in other industries. Therefore, the differences in the changes of co-movement (the differences-in-

differences in Table 10) should be stronger for stocks in industries with a smaller number of firms 

or a smaller market capitalization. We partition firms into three groups based on the number of 

firms in or the market capitalization of the corresponding industry and then conduct cross-sectional 

tests for the differences-in-differences. We find that the differences-in-differences are the largest 

for firms in their corresponding industry with the smallest number of firms or smallest market 

capitalization (reported in Internet Appendix Table A7). 

 

6. Conclusion  

Attention is a scarce cognitive resource (Kahneman, 1973). The extant theory of rational 

inattention predicts that investors tend to allocate more attention to learning about market shocks 

than to firm-specific shocks, leading to high stock return co-movement. In this paper, we use the 

large jackpots of Taiwanese nationwide lotteries as exogenous shocks that attract investors’ 

attention away from the stock market to test the theory’s implications.  

We first find that large jackpot days are associated with lower share turnover and Google 

search volume for firms but with higher Google search volume for lotteries. Second, stock return 
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co-movement with the market is higher on large jackpot days than that on non-large jackpot days. 

The effect mainly results from changes in covariance, rather than changes in volatilities. Third, the 

effect of large jackpots on return co-movement is more prominent for stocks preferred by retail 

investors, even after controlling for gambling sentiment. Fourth, large jackpot days are associated 

with market under-reaction to earnings surprises, indicating that investors pay less attention to 

firm-specific information on large jackpot days.  

We also find that large jackpots have a spillover effect on return co-movements with the 

market, and this effect diminishes with the window length. We further show that our results remain 

qualitatively similar when we adopt alternative control groups, including any lottery, small jackpot, 

and no lottery days. Finally, we extend our empirical tests by incorporating the stock return co-

movement with industries. We find that large jackpots have a larger impact on return co-

movements with the market than with industries. Collectively, our results provide causal evidence 

for the effect of attention allocation on stock return co-movements. 
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Table 1 
Lottery jackpot size descriptive statistics 
                                 

Distribution of jackpot size (in millions of TWD) 
Year N. of 

lottery 
drawings 

N. of 
drawings 
(jackpot>
500 mil.) 

N. of 
trading 

days 

N. of 
trading 
days 

(jackpot>
500 mil.) 

N. of 
trading 
days 

(jackpot<=
500 mil.) 

N. of 
trading 
days 

without 
lottery  

Mean Std. Min. 50th 
percentile 

90th 
percentile 

Max. 

All 
years 2,654 341 3,333 304 2,190 839 278 309 20 184 575 3,381 

2002 99 27 234 24 70 140 470 238 284 379 698 1,823 
2003 104 11 249 9 91 149 341 182 195 287 522 1,329 
2004 209 16 250 16 184 50 257 238 84 198 430 2,097 
2005 208 14 247 14 182 51 218 220 65 149 431 1,732 
2006 248 15 248 13 223 12 183 283 42 88 378 2,930 
2007 209 11 247 9 185 53 147 202 23 77 369 1,799 
2008 209 37 249 34 163 52 317 361 27 195 770 2,138 
2009 209 32 251 29 168 54 276 216 32 198 599 1,209 
2010 209 15 251 14 187 50 233 181 36 180 457 1,310 
2011 208 16 247 13 183 51 245 256 27 186 470 2,783 
2012 209 44 250 40 158 52 337 342 23 216 777 2,281 
2013 212 43 246 37 159 50 343 400 20 199 815 2,837 
2014 212 31 248 28 169 51 285 299 31 170 663 1,650 
2015 109 29 116 24 68 24 490 629 32 240 1,446 3,381 
                          

             
Reported are the descriptive statistics for the lottery jackpots from January 22, 2002, to June 30, 2015. There are a total of 2,654 lottery drawings, 
and reported values are in millions of Taiwan dollars (TWD). The second and third columns report the total number of lottery drawings and those 
with a jackpot larger than 500 million TWD. The fourth to seventh columns report the total number of trading days, those with a jackpot larger 
than 500 million TWD, those with a jackpot smaller than 500 million TWD, and trading days without any lottery draw. Displayed in the rest of 
the columns are mean, standard deviation (denoted Std.), minimum (denoted Min.), 50th percentile, 90th percentile, and maximum (denoted Max.) 
of the jackpots. 
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Table 2 
         

Justification of large lottery jackpots as attention-distraction events 
   

          

Panel A: Difference 
  Share turnover Abnormal SVI for firms Abnormal SVI for lottery 

Large 
jackpot days 

Non-large 
jackpot 

days 

Difference Large 
jackpot days 

Non-large 
jackpot 

days 

Difference Large 
jackpot days 

Non-large 
jackpot 

days 

Difference 
(p-value) (p-value) (p-value) 

          

Mean  0.686 0.786 −0.099*** 0.21 0.253 −0.043*** 1.545 0.127 1.419*** 
   (0.00)   (0.00)   (0.00) 

Median 0.608 0.702 −0.077*** 0.17 0.192 −0.020*** 0.471 −0.009 0.480*** 
   (0.00)   (0.00)   (0.00) 

N. of days 304 2,190  266 2,465  266 2,465  

                    
Panel B: Regression 
DepVar Share turnover SVI for firms Abnormal SVI for firms SVI for lottery Abnormal SVI for lottery 

          

Large 
jackpot 

−0.015*** −0.048*** −0.011*** 9.924*** 1.604*** 
(−5.28) (−2.81) (−2.91) (6.80) (6.10) 

          

Fixed effects Yes Yes Yes Yes Yes 

R2 0.168 0.734 0.027 0.195 0.176 
N 2,403,706 1,967,169 1,896,052 2,849 2,731 
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The share turnover is calculated as the daily trading volume divided by the shares outstanding. They are in percentage terms. We manually collect 
Google search volume index (SVI) from Google Trends. The search word for each firm is the abbreviation of the firm names used by Yahoo 
Finance (Taiwan). After excluding firm name abbreviations with generic meanings, there are 763 out of 817 firms remaining in our sample. The 
search word capturing the interest in lotteries is "樂透", meaning “lottery” or “lotto” in English. The search region is Taiwan. The sample period 
for SVI is from January 4, 2004, to June 30, 2015. We collect weekly SVIs over the sample period and unadjusted daily SVI over each quarter. 
The daily SVI is calculated as follows: Adjusted daily SVI = (Weekly SVI to which the day belongs) × (Unadjusted daily SVI/Weekly average of 
unadjusted daily SVI). The abnormal SVI is calculated as the deviations of SVI from the median of SVI from the previous 25th week to the 5th 
week, scaled by that median. In Panel A, we calculate the average share turnover/abnormal SVI for firms on large jackpot days, non-large jackpot 
days and their difference for each firm. Reported are the means and medians of these variables among all firms. The paired t-test is used for testing 
the mean difference, and Wilcoxon signed-rank test is employed for testing the median difference. We also calculate the average abnormal SVIs 
for the lottery on large jackpot days and non-large jackpot days. Two-sample t-tests and Wilcoxon tests are employed for testing mean and median 
differences. In Panel B, we run panel regressions of share turnover, SVI and abnormal SVI for firms on a large jackpot dummy variable, controlling 
for firm fixed effects, year, month, and day-of-the-week fixed effects. Standard errors are clustered at the firm level. We also run time-series 
regressions of SVI and abnormal SVI for the lottery on a large jackpot dummy variable, controlling for year, month, day-of-the-week fixed effects. 
Standard errors are adjusted for heteroskedasticity. We report the t-statistics in parentheses. ***, **, and * indicate the significance levels of 1%, 
5%, and 10%, respectively. 
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Table 3      

Individual firms' return co-movement with the market  
      

    (1) 
Large jackpot 

days 

(2) 
Non-large 

jackpot days 

(3) 
Difference  

(4) 
Percentage 

change  
(p-value)  (p-value)  

      
Correlation Coefficient Mean  0.463 0.445 0.018*** 0.039*** 

    (0.00) (0.00) 
 Median 0.488 0.459 0.023*** 0.049*** 
    (0.00) (0.00) 
      

Adj. R2 Mean  0.232 0.211 0.021*** 0.095*** 
    (0.00) (0.00) 
 Median 0.236 0.210 0.018*** 0.089*** 
    (0.00) (0.00) 

            

      

 

Correlation coefficient: for each firm, we calculate the time-series Pearson correlation of stock excess 
returns and market excess returns on large jackpot days and on non-large jackpot days separately, and 
obtain the difference (i.e., correlation on large jackpot days minus correlation on non-large jackpot days) 
and percentage change (the difference divided by the correlation on non-large jackpot days). The daily 
risk-free rate is calculated from rate on central bank one-month time deposit. Reported are means and 
medians of the correlation coefficients [columns (1) and (2)] on large jackpot days and on non-large 
jackpot days and means and medians of the differences [column (3)] and percentage changes [column 
(4)]. 
Adj. R2: we run the following regression for firm i to obtain the adjusted R2 on large jackpot days and 
non-large jackpot days separately: 
                                                                                                              ,   
where           is the excess return of firm i at time t and                   is market excess return at time t. For 
each firm, we get the difference (adjusted R2 on large jackpot days minus adjusted R2 on non-large 
jackpot days) and percentage change (difference divided by the adjusted R2 on non-large jackpot days). 
Reported are the means and medians of adjusted R2 [columns (1) and (2)] on large jackpot days and on 
non-large jackpot days as well as the means and medians of the differences [column (3)] and percentage 
changes [column (4)]. 
The paired t-test is used for testing the mean difference, and Wilcoxon signed-rank test is employed for 
testing the median difference. The percentage change data are winsorized at 99% and 1% level to 
minimize the effect of existing extreme values. ***, ** and * indicate statistical significance at the 1%, 
5% and 10% levels, respectively. 
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Table 4     
Decomposition of change in correlation coefficient on large jackpot days 
     
 Percentage contribution Percentage change in 

covariance 
(p-value)   A 

(p-value) 
B 

(p-value) 
C 

(p-value) 

 
    

Mean 138%*** 0% −26%*** 0.078*** 
 (0.00) (0.996) (0.00) (0.00) 
Median 124%*** −3% −22%*** 0.097*** 
 (0.00) (0.430) (0.00) (0.00) 
      

     

 

For each firm i, the change in correlation coefficient on large jackpot days is decomposed into change 
in covariance of firm excess returns and market excess returns, in the standard deviation of individual 
stock excess returns, and in the standard deviation of market excess returns.  

log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿
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𝐼𝐼𝑅𝑅𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖)

− log
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. 

We calculate how much the change in correlation coefficient is attributed to the three components by 
dividing them by the change in correlation coefficient.  
 
 
 
 
 
 
 
Then, we conduct cross-sectional tests separately. Reported are the means and medians of each 
component, denoted by A, B, and C. The three components are independently winsorized at 97.5% and 
2.5% to minimize the effect of extreme values. Winsorizing data at 99% and 1%, or 95% and 5% gives 
qualitatively similar results. In the last column, we calculate the covariances for firm excess returns and 
market excess returns on large jackpot days, non-large jackpot days and obtain the percentage difference 
(i.e., the covariance on large jackpot days minus the covariance on non-large jackpot days, divided by 
the covariance on non-large jackpot days). Among 817 firms, reported are the mean and median of the 
percentage changes in covariance. The paired t-test is used for testing the mean difference, and 
Wilcoxon signed-rank test is employed for testing the median difference. ***, ** and * indicate 
statistical significance at the 1%, 5% and 10% levels, respectively. 
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log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿

���������������
      𝐵𝐵

] + [−
log 𝐼𝐼𝑅𝑅𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)

𝐼𝐼𝑅𝑅𝑆𝑆𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)

log
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝐿𝐿𝐿𝐿𝐿𝐿

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿

].

�����������������
         𝐶𝐶
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Table 5 
  

Retail trading ratio and portfolio return co-movement with the market    

Panel A: Share turnover 

DepVar Retail turnover Institutional turnover 

 
 

   

Large jackpot −0.014*** −0.001 
 (−5.43) (−0.91) 
   
Fixed effects Yes Yes 
R2 0.166 0.178 
N 2,346,832 2,346,832 
        
Panel B: Co-movement 
DepVar Change in correlation coefficient Change in adj. R2 

Equally weighted Value-weighted  Equally weighted  Value-weighted  
     

Ranking of retail  
trading ratio 

0.002*** 0.002*** 0.002*** 0.002** 
(3.51) (3.03) (3.04) (2.65) 

     
R2 0.348 0.286 0.287 0.234 
N 25 25 25 25 
          
     
In Panel A, we conduct seemingly unrelated regressions of retail turnover/institutional turnover on a large 
jackpot dummy variable, controlling for firm fixed effects, year, month, and day-of-the-week fixed effects. 
Retail turnover is the retail trading volume divided by shares outstanding. Institutional turnover is the 
institutional trading volume divided by shares outstanding. These are presented in percentage terms.  
In Panel B, stocks are sorted into 25 portfolios according to average retail trading ratio in the past 22 trading 
days, which is 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
 
where 𝑉𝑉𝑖𝑖,𝑡𝑡 is retail investor trading volume and  𝑇𝑇𝑉𝑉𝑖𝑖,𝑡𝑡 is total trading volume. Then we calculate equal- and 
value-weighted portfolio returns. For each portfolio, we compute time-series Pearson correlations of 
portfolio excess return and market excess return on large jackpot days and on non-large jackpot days 
separately and obtain the difference (correlation on large jackpot days minus correlation on non-large jackpot 
days). Then, we regress the differences on the ranking of retail trading ratio.  
For each portfolio, we also run the following regression on large jackpot days and non-large jackpot days:  
                                                                                                                                                                                                                                                                                                            
where                    is the excess return of portfolio j at time t and                  is the market excess return at 
time t. Then we regress the differences (adjusted R2 on large jackpot days minus adjusted R2 on non-large 
jackpot days) on the ranking of retail trading ratio. The coefficients on ranking and the t-statistics are 
reported. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.   
                                            

𝐼𝐼𝑅𝑅𝐶𝐶𝑖𝑖,𝑡𝑡 =
∑ 𝑉𝑉𝑖𝑖,𝑡𝑡𝑡𝑡−1
𝑡𝑡−22

∑ 𝑇𝑇𝑉𝑉𝑖𝑖,𝑡𝑡𝑡𝑡−1
𝑡𝑡−22

. 

𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽𝑗𝑗𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡+𝜀𝜀𝑖𝑖,𝑡𝑡, 
𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 
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Table 6 
    

Retail trading ratio other than lottery-type features and portfolio return co-movement with market      

 DepVar Change in correlation coefficient Change in adj. R2 
  Equally weighted Value-weighted  Equally weighted  Value-weighted  

         
Ranking of retail 
preference excluding 
lottery-type features 

0.001** 0.001** 0.001* 0.001* 

(2.15) (2.06) (1.85) (1.92) 
     

R2 0.167 0.156 0.130 0.138 
N 25 25 25 25 
          

     

 

First, we calculate the retail trading ratio in the past 22 trading days, the average closing price in the past 
22 trading days, and idiosyncratic skewness and idiosyncratic volatility in the past 150 trading days for 
each firm-date observation. For each date, we perform cross-sectional regressions of the retail trading ratio 
on the average closing price, idiosyncratic skewness, and idiosyncratic volatility; the residuals yielded from 
this regression represent characteristics preferred by retail investors other than lottery-type features. Then 
we divide the ordered distribution of stocks by the residuals into 25 parts, each respectively representing 
the bottom 4% to the top 4% of the sample and calculate the equally weighted and value-weighted portfolio 
excess returns. We compute time-series Pearson correlation of portfolio excess returns and market excess 
returns on large jackpot days and on non-large jackpot days separately, and then calculate the difference 
(i.e., the correlation on large jackpot days minus the correlation on non-large jackpot days). Then, we 
regress the differences on the ranking of residuals. For each portfolio, we also run the following regression 
on large jackpot days and non-large jackpot days: 
                                                                                                                                                                                                                                                                                                  
where                   is the excess return of portfolio j at time t and                   is the market excess return at 
time t. Then, we regress the differences (i.e., the adjusted R2 on large jackpot days minus the adjusted R2 

on non-large jackpot days) on the ranking of residuals. The coefficient on ranking and the t-statistics are 
reported. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.                                                                                                 

 
  

𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽𝑗𝑗𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡+𝜀𝜀𝑖𝑖,𝑡𝑡, 
𝑃𝑃𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗,𝑡𝑡 𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 
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Table 7 
    

Large jackpots and market reactions to earnings announcements 
          
DepVar (1) 

CAR(0,0) 
(2) 

CAR(0,1) 
(3) 

CAR(2,5) 
(4) 

CAR(6,60) 
     

Large jackpot 0.115 −0.069 −1.292* 1.01 
 (0.70) (−0.18) (−1.82) (0.91) 

SUE decile 
rank 0.072*** 0.207*** 0.197*** 0.496*** 

 (11.26) (15.46) (10.73) (5.35) 
(Large jackpot) 
× (SUE decile 
rank) 

−0.047*** −0.089* 0.137* −0.093 

 (−3.30) (−1.96) (1.81) (−0.65) 
     

Standard 
controls Yes Yes Yes Yes 

R2 0.046 0.061 0.038 0.073 
N 21,492 21,492 21,492 21,404 
          

 
In event time, day 0 is the day of the announcement. The cumulative abnormal return is the raw buy-and-
hold return adjusted by the estimated beta from the market model from 300 trading days to 46 trading days 
before the date of the announcement. The abnormal return is calculated as                                           . 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 
is the firm excess return and                   is market excess return. The cumulative abnormal return over the 
window of  𝜏𝜏 + ℎ 𝑅𝑅𝐶𝐶 𝜏𝜏 + 𝐻𝐻  is  

𝐶𝐶𝐴𝐴𝑅𝑅(𝜏𝜏 + ℎ, 𝜏𝜏 + 𝐻𝐻)𝑖𝑖,𝑡𝑡 = � � (1 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑗𝑗)] − 1 − 𝛽𝛽𝑖𝑖,𝑡𝑡[ � �1 +𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗�
𝜏𝜏+𝐻𝐻

𝑗𝑗=𝜏𝜏+ℎ

 𝜏𝜏+𝐻𝐻

𝑗𝑗=𝜏𝜏+ℎ

− 1�. 

Earnings surprise is measured by standardized unexpected earnings (SUE). SUE is calculated 
as                                       , where          is the most recently announced earnings,                is earnings in 
the same quarter of the previous year, and         is the standard deviation of the difference over the prior 
eight quarters. SUE are winsorized at the 1st and 99th percentiles. The breakpoints for SUE deciles are 
determined separately for each quarter (smallest SUE group: SUE decile rank=1; largest SUE group: SUE 
decile rank=10). Standard controls include industry dummy variables, the decile of market capitalization 
on announcement day, the number of announcements on announcement day, the 22-day average retail 
trading ratios before announcement day, past 22 days average returns before announcement day, past 22 
days idiosyncratic volatility before announcement day, year, month, day-of-the-week, and share turnover 
on announcement day. Standard errors are adjusted for heteroscedasticity and clustered by the date of 
announcement and the firm. Panel A reports the regression results where the dependent variables are 
CAR(0,0), which is announcement day abnormal return and CAR(0,1); Panel B reports the regression 
results where dependent variables are CAR(2,5) and CAR(6,60). We control for the number of large 
jackpots in (M, N) divided by (N-M+1) and interact it with SUE decile rank for post-announcement analysis. 
T-statistics are in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 
respectively.

𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 

𝑅𝑅𝑝𝑝𝑠𝑠𝑞𝑞−4 𝑅𝑅𝑝𝑝𝑠𝑠𝑞𝑞 
ϭ𝑞𝑞 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 − 𝛽𝛽𝑖𝑖,𝑡𝑡𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡 

(𝑅𝑅𝑝𝑝𝑠𝑠𝑞𝑞 − 𝑅𝑅𝑝𝑝𝑠𝑠𝑞𝑞−4)/(ϭ𝑞𝑞) 
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Table 8 
       

The spillover of large jackpots and the co-movement effect          

Panel A   (1) 
 Large jackpot 

days 

(2.1)  
2-trading day 

spillover 

(3.1)  
Other non-large 

jackpot days 

(1) − (2.1) 
Difference  

(1) − (3.1) 
Difference  

(2.1) − (3.1) 
Difference 

(p-value)  (p-value)  (p-value)  
        

Correlation  
Coefficient 

Mean  0.463 0.458 0.443 0.005* 0.020*** 0.015*** 
    (0.09) (0.00) (0.00) 

 Median 0.488 0.476 0.456 0.009** 0.028*** 0.022*** 
     (0.01) (0.00) (0.00) 
        

Adj. R2 Mean  0.232 0.225 0.208 0.008*** 0.024*** 0.016*** 
     (0.00) (0.00) (0.00) 
 Median 0.236 0.225 0.208 0.007*** 0.021*** 0.017*** 
     (0.00) (0.00) (0.00) 

N. of trading days 304 639 2390    
     

   
Panel B   (1)  

Large jackpot 
days 

(2.2)  
4-trading day 

spillover 

(3.2)  
Other non-large 

jackpot days 

(1) − (2.2) 
Difference 

(1) − (3.2) 
Difference 

(2) − (3.2) 
Difference 

(p-value)  (p-value)  (p-value)  
        

Correlation  
Coefficient 

Mean  0.463 0.454 0.443 0.008** 0.020*** 0.012*** 
    (0.02) (0.00) (0.00) 

 Median 0.488 0.468 0.455 0.016*** 0.029*** 0.016*** 
     (0.00) (0.00) (0.00) 
        

Adj. R2 Mean  0.232 0.221 0.208 0.011*** 0.024*** 0.013*** 
     (0.00) (0.00) (0.00) 
 Median 0.236 0.218 0.206 0.012*** 0.024*** 0.014*** 
     (0.00) (0.00) (0.00) 

N. of trading days 304 968 2,061    
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Panel C   (1)  
Large jackpot 

days 

(2.3)  
6-trading day 

spillover 

(3.3)  
Other non-large 

jackpot days 

(1) − (2.3) 
Difference  
 (p-value)  

(1) − (3.3) 
Difference  
 (p-value)  

(2.3) − (3.3) 
Difference 
(p-value)  

        

Correlation  
Coefficient 

Mean  0.463 0.451 0.443 0.011** 0.019*** 0.008*** 
    (0.00) (0.00) (0.00) 

 Median 0.488 0.463 0.454 0.016*** 0.028*** 0.013*** 
     (0.00) (0.00) (0.00) 
        

Adj. R2 Mean  0.232 0.218 0.208 0.014*** 0.024*** 0.009*** 
     (0.00) (0.00) (0.00) 
 Median 0.236 0.214 0.206 0.012*** 0.023*** 0.011*** 
     (0.00) (0.00) (0.00) 

N. of trading days 304 1,275 1,754    

                
Panel D   (2.1)  

2-trading day 
spillover  

(2.2)  
4-trading day 

spillover 

(2.3)  
6-trading day 

spillover 

(2.1) − (2.3) 
Difference  

(2.1) − (2.2) 
Difference  

(2.2) − (2.3) 
Difference 

(p-value)  (p-value)  (p-value)  
        

Correlation  
Coefficient 

Mean  0.458 0.454 0.451 0.007*** 0.004*** 0.003*** 
    (0.00) (0.00) (0.00) 

 Median 0.476 0.468 0.463 0.006*** 0.003*** 0.003*** 
     (0.00) (0.00) (0.00) 
        

Adj. R2 Mean  0.225 0.221 0.218 0.007*** 0.004*** 0.003*** 
     (0.00) (0.00) (0.00) 
 Median 0.225 0.218 0.214 0.005*** 0.003*** 0.003*** 
     (0.00) (0.00) (0.00) 

N. of trading days 639 968 1,275  
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We divide all trading days into large jackpot days (1), non-large jackpot days that are nevertheless within two trading days around any large 
jackpot day (2.1 in Panel A), such days within four days around any large jackpot (2.2 in Panel B), such days within any six days around a large 
jackpot (2.3 in Panel C), and all other non-large trading days (3.1 in Panel A/3.2 in Panel B/3.3 in Panel C). In Panel D, we compare stock returns’ 
co-movement on 2 trading days, 4 trading days and 6 trading days around any large jackpot day. For each firm, we calculate the time-series 
Pearson correlation coefficient of daily firm excess returns and market returns on those trading days, respectively, and obtain the paired differences 
in correlation coefficients. Across 817 firms, the mean and median correlation coefficients are reported, as well as the mean and median of the 
differences. For each firm, we also conduct time-series regressions of daily stock returns on market excess returns for those types of trading days, 
thereby obtaining the adjusted R2 and the paired differences of adjusted R2. Reported are the mean and median of adjusted R2 and the mean and 
median of the differences. The paired t-test is used for testing the mean difference, and Wilcoxon signed-rank test is employed for testing the 
median difference. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Table 9 
  

 
   

Return co-movement on large, small jackpot days, any and no lottery days    
 

   

Panel A: 
Description 

Definition  Number of trading days 

(1) Large jackpot 
days 

Trading days with a lottery jackpot size bigger than 
500 million TWD (approximately 90th percentile); 304 

(2) Any lottery 
days Trading days with any lottery draw; 2,494 

(3) Small jackpot 
days 

Trading days with a lottery jackpot size smaller 
than 64 million TWD (approximately 10th 
percentile); 

240 

(4) No lottery 
days Trading days without any lottery draw. 839 

       
Panel B: Co-
movement 

(1) − (4)  (2) − (4) (3) − (4)  (1) − (3) (1) − (2) 
Difference  Difference Difference Difference Difference 

    (p-value)  (p-value) (p-value)  (p-value)  (p-value)  
       

Correlation 
Coefficient Mean  0.043*** 0.036*** 0.026*** 0.017*** 0.007*** 

  (0.00) (0.00) (0.00) (0.00) (0.00) 
 Median 0.047*** 0.041*** 0.029*** 0.013*** 0.010*** 
  (0.00) (0.00) (0.00) (0.00) (0.00) 
       

Adj. R2 Mean  0.043*** 0.032*** 0.025*** 0.018*** 0.011*** 
  (0.00) (0.00) (0.00) (0.00) (0.00) 
 Median 0.040*** 0.036*** 0.022*** 0.013*** 0.007*** 
  (0.00) (0.00) (0.00) (0.00) (0.00) 

                
 

   

We divide all trading days into large jackpot days, small jackpot days, no lottery days and any lottery 
days. The detailed definitions are in Panel A. In Panel B, following the procedures in Table 3, we 
calculate the correlation coefficient and adjusted R2 for each firm on (1) large jackpot days, (2) any lottery 
days, (3) small jackpot days, and (4) no lottery days. For each firm, we calculate the difference between 
(1) and (4), (2) and (4), (3) and (4), (1) and (3), and (1) and (2). Then we report the cross-sectional mean 
and median of those differences. The paired t-test is employed for testing the mean difference, and 
Wilcoxon signed-rank test is used for testing the median difference. ***, **, and * indicate statistical 
significance at the 1%, 5%, and 10% levels, respectively. 
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Table 10      
Comparison of stock return co-movement with the market and with industries 
           

    
(1) 

Co-movement with 
market 

(2) 
Co-movement with 

industry 

(1) − (2) 
Diff-in-Diff 

  Difference  Difference Diff-in-Diff  
(p-value) (p-value)  (p-value) 

         
Correlation  
Coefficient Mean  0.018*** 0.012*** 0.005*** 

  (0.00) (0.00) (0.00) 
 Median 0.023*** 0.016*** 0.006*** 
  (0.00) (0.00) (0.00) 
      

Adj. R2 Mean  0.021*** 0.016*** 0.005*** 
  (0.00) (0.00) (0.00) 
 Median 0.018*** 0.015*** 0.005*** 
  (0.00) (0.00) (0.00) 

          
          
We follow the procedures in Table 3 and get the differences in correlation coefficient/adjusted R2 for 
each firm. Reported in column (1) are the mean and median of the differences (correlation 
coefficient/adjusted R2 on large jackpot days minus correlation coefficient/adjusted R2 on non-large 
jackpot days) among 817 firms. We replace market returns with corresponding industry’s returns and 
obtain changes in correlation coefficient/adjusted R2. Reported in column (2) are the mean and median 
of differences (the correlation coefficient/adjusted R2 on large jackpot days minus the correlation 
coefficient/adjusted R2 on non-large jackpot days) from the industry model. For each firm, we further 
calculate the differences in differences ((the correlation coefficient /adjusted R2 on large jackpot days 
minus the correlation coefficient/adjusted R2 on non-large jackpot days from the market model) minus 
(the correlation coefficient/adjusted R2 on large jackpot days minus the correlation coefficient/adjusted 
R2 on non-large jackpot days from the industry model). Reported in column (3) are the mean and median 
of those differences. The paired t-test is used for testing the mean difference, and Wilcoxon signed-rank 
test is employed for testing the median difference. ***, **, and * indicate statistical significance at the 
1%, 5%, and 10% levels, respectively. 
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