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Abstract

The main purpose of this paper is to jointly use fundamental and technical information to improve the technical momentum strategy. We examine how fundamental accounting information can be used to supplement the technical information, such as past returns and past trading volume data, by investors to separate momentum winners from losers. Previous research has shown that the technical momentum strategy based on the past winners and losers in terms of cumulative returns, generates significantly positive returns in the subsequent periods. This paper proposes a unified framework of incorporating the fundamental indicators FSCORE (Piotroski 2000) and GSCORE (Mohanram 2005) into the technical momentum strategy. We have developed three hypotheses to test whether combined momentum strategy outperform the technical momentum strategy or not. From the empirical results of these three hypotheses, we conclude that the combined momentum strategy outperforms technical momentum strategy by generating significantly larger returns for both growth and value stocks. 
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Technical, Fundamental, and Combined Information for Separating Winners from Losers
I. Introduction

    This study investigates investment strategy that integrates fundamental and technical information in separating winner stocks from loser stocks. Prior literature on fundamental analysis and technical analysis framework has provided substantial evidence on their respective ability to explain the cross section of stock prices or to forecast future price movement. However, the literature is relatively silent on the integration of both analyses frameworks in equity valuation and in making investment decision. In the current study, we provide a unified framework in which the fundamental analysis using the financial statements information can be integrated with the technical analysis using past returns and past trading volume. More specifically, we developed a combined momentum strategy employing past returns, trading volume, and firm's fundamentals and examine its profitability comparing to the technical momentum strategy.
    The technical information of the stocks has been frequently used by securities analysts and portfolio managers as well as academic researchers. Technical analysts focus primarily on the short term price and volume information. One of the most notable line of research using technical information in studying stock prices behavior is the momentum investment strategy. By using stock's past performances, Jegadeesh and Titman (1993, 2001) documented that based on the cumulative returns in the past three to twelve months, the highest return decile portfolio outperform the lowest decile portfolio in the following three to twelve months. This pricing anomaly is based solely on the past returns and investors do not use firm specific information in separating the winner stocks from the loser stocks. A large body of follow-up literature showed the presence of the price momentum across asset classes and countries. In addition to past returns, past trading volume has also been documented to predict stocks future returns and (Conrad et al. 1994; Datar et al. 1998) and to provide information about the magnitude and persistence of the momentum returns (Lee and Swaminathan 2000; Chan et al. 2000). These findings suggest that there exist joint effect of these technical information on future stocks returns.

    In addition to the technical information, the fundamental information about the firms also provides investors with guidance in making investment decision. The linear information model (Ohlson 1995; Feltham and Ohlson 1995) used book value and earnings per share of the firm to estimate the stock prices. Other financial statement information such as inventory, account receivables, and gross margin have also been employed to construct fundamental signals about the firms (Ou and Penman 1989; Abarbanell and Bushee1997; Lev and Thiagarajan 1993). In addition to individual signals, researchers also construct aggregated measurement to examine overall performance of the firms. Piotroski (2000) and Mohanram (2005) developed fundamental indicators FSCORE and GSCORE in which firm specific information have been employed in evaluating value stocks and growth stocks respectively. These authors found that the portfolio consisting of financially healthier firms, i.e. firms with higher FSCORE or GSCORE, outperform those consisting of low scores firms up to two years after the portfolios are formed. Since both technical information (past returns and past trading volume) and fundamental information (firm-specific financial statement information) have been documented to identify winners and losers, we investigate whether the combination of two methods can improve the investor's ability in analyzing stocks and making investment decision.

    Based upon combined forecasting models developed by Granger and Newbold (1974), Granger and Ramanathan (1984), Lee et al. (1986), and Lee and Cummins (1998), we propose a combined momentum strategy based on firm's past returns, past trading volume, and its composite fundamental scores. More specifically, we form the long-short investment strategy with long position in past winners with high fundamental scores and low covariance between returns and trading volume, and short position in past losers with low fundamental scores and high covariance between returns and trading volume. Our combined momentum strategy not only outperforms the technical momentum strategy, which is based solely on technical information such as past returns and trading volume, on average by 1.63 percent (1.85 percent) monthly among high (low) book-to-market stocks but also generates higher information ratio. We also find that the returns to technical momentum strategy and accounting-based fundamental strategy are negatively correlated. This suggests that the higher information ratio generated in our combined momentum strategy results not only from the higher monthly abnormal returns but also the lower tracking errors from the integration of different sorting variables. We consider our results contributing to both technical momentum and accounting-based fundamental strategy literature. The findings in this paper also provide insights to the investment community using technical momentum strategy. These quantitative fund managers experienced significant losses during the overall market turnarounds in the months of March and April in 2009. Our combined momentum strategy could provide these managers with different performance metrics to separate the momentum winners from losers.

    The remainder of this paper is organized as follows. Section II provides the literature review of the accounting-based investment strategies and technical momentum strategies. Section III presents the sample selection criteria and portfolio formulation methods to be used for the empirical test. Section IV presents the empirical results of testing the performance of both technical momentum strategy and combined momentum strategy. Section V provides the summary and conclusion of this paper.
II. Literature Review
In the section we will first review literature related to fundamental analysis which include both value stocks and growth stocks. Then we will review literature related to technical momentum strategy.

Fundamental Analysis

    The root of fundamental analysis for the share price valuation can be dated back to Graham and Dodd (1934) in which the authors argued the importance of the fundamental factors in share price valuation. The dividend discount model developed by Gordon (1962) provided another building block for the fundamental analysis. Subsequently, Ohlson (1995) residual income valuation model further extended the dividend discount model to express the share prices in terms of the contemporaneous book value and earnings per share. Although the residual income model is relatively easy to implement, the empirical results of testing the Ohlson Model are mixed (Dechow et al. 1999; Myers 1999). Other research focuses on the fundamental analysis by calculating certain multiples for a set of benchmark firms and finding the implied value of the firm of interest by these benchmark multiples (Ou and Penman 1989; Kaplan and Ruback 1995; Gilson et al. 2000; Liu et al. 2002). However, single financial multiple or ratio might not capture the complete aspects of the firm and thus researchers also constructed composite indicators using various fundamental information of the firms to examine future performance of the share prices. Two such evaluation systems, namely the FSCORE and GSCORE fundamental indicators developed by Piotroski (2000) and Mohanram (2005) respectively, are discussed in the next two sections.

Financial Statement Analysis for Value Stocks

    Previous literature showed that the investment strategy with long position in low book-to-market stocks and short position in high book-to-market stocks generate significantly abnormal returns in the periods after the portfolio formation. Fama and French (1992) argued that book-to-market ratio is a proxy for financial distress of the firms and the abnormal returns generated from this investment strategy represent investors' compensation for this financial distress risk factor. However, there exist substantial returns variation among these values stocks and further performance metrics is required to identify the stocks exhibiting higher returns. Following Piotroski (2000), we used the FSCORE system to separate winners from the losers among high book-to-market stocks. Piotroski (2000) used nine signals to proxy measure the overall financial health of the high book-to-market firms and they can be categorized in three groups: profitability-related signals, operating efficiency signals, and change in solvency/liquidity signals.

    The profitability-related fundamental signals are those to measure firm's ability to generate profits. The four profitability indicators are ROA (return on assets), AROA (change in return on assets), CFO (cash flow from operation scaled by total assets), and Accrual (difference between ROA and CFO). ROA and CFO are assigned a value equal to one if they are positive, zero otherwise. Similarly, if firms experience positive change in return on assets, the variable AROA is assigned a value of one and zero otherwise. Finally, given the negative relation between firms' accrual and future expected returns documented by Sloan (1996), the variable Accrual is assigned a value of one if Accrual is negative and zero otherwise. The second group of fundamental variables is operating efficiency-related, e.g. DMargin (change in gross margin) and DTurn (change in asset turnover). Positive changes in gross margin and asset turnover represent improvement in generating profits and efficient employment of firm's asset. Thus the variables DMargin and DTurn are assigned a value of one if positive and zero otherwise. The third group of fundamental indicators are related to firm's solvency and liquidity, e.g. DLever (change in leverage), DLIQUD (change in current ratio), and EQOFFER (equity issuance). Firms issue debt when the internally generated funds are not available (Myers and Majluf (1984)) and thus the increases in financial leverage indicate firm's difficulty in generating internal capital. Therefore the variable DLever is assigned a value of one if negative and zero otherwise. Similarly, the variable DLIQUD is assigned a value of one if the firm decreases its current ratio from last year and zero otherwise. The last signal related to firm's solvency and liquidity is EQOFFER which is indicator variable equal to one if the firm had no equity issuance in the previous year and zero otherwise. Equity issuance by a firm suggests its difficulty raising capital from its own operation or long-term debt and thus is considered a bad signal for the future prospects of a firm.

    Given these nine signals discussed above, Piotroski (2000) constructed a composite score to assess the financial soundness of a firm, i.e. the FSCORE. The sum of these nine indicator variables ranges from zero to nine with nine (zero) indicating a firm with more (less) good signals.
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Firms with higher FSCORE indicates a better overall financial health than ones with low FSCORE. Piotroski (2000) found that an investment strategy with long position in high FSCORE firms and short position in low FSCORE firms generates significant excess return up to two years after the portfolio formation. Therefore, for the high book-to-market stocks (value stocks), FSCORE seems to be an appropriate candidate for the fundamental analysis indicator in our unified valuation framework.

Financial Statement Analysis for Growth Stocks

    Although FSCORE separates the winners from the losers among the value stocks, it does not work well for the low book-to-market ratio stocks as documented by Mohanram (2005). Mohanram (2005) thus extended the FSCORE to construct the GSCORE measurement to examine the fundamentals for the low book-to-market stocks (the growth stocks). He argued that GSCORE is appropriate for the growth stocks because it accounts for the growth fundamentals of these firms. Growth firms are usually those with stable earnings and sales growth, larger R&D expenses and capital expenditure, and more analysts following. His results showed that for the low book-to-market stocks, high GSCORE firms are more likely to beat the earnings forecasts and thus earn higher excess return than the low GSCORE firms. The composite GSCORE is constructed by eight fundamental signals related to firm's profitability, earnings stability, sales stability, and accounting conservatism. GSCORE emphasizes on firm's future performance and accounts for its growth factor. The GSCORE is constructed by three categories of eight signals.

    The first category is the profitability-related signals which include ROA, CFO, and Accrual. The definition of these variables is identical to those used in FSCORE but with the difference in assigning indicator values. These profitability related variables are assigned a value of one if they are larger than that of the industry median, and zero otherwise. The second group of fundamental signals is related to earnings stability and sales stability of the firms. Firms with stable earnings and sales convey to the investors that they can consistently deliver superior performance in the future. Previous literature in earnings management documented that investors prefer stocks with stable earnings to those with volatile earnings stream (Trueman and Titman 1988; Goel and Thakor 2003). The indicator variable for earnings stability σNI (variance of a firm's ROA in the past five years) and sales growth stability σSG (variance of a firm's sales growth in the past five years) are assigned a value of one if they are less than the median of all firms in the same industry, zero otherwise. The third group of fundamental indicator variables is related to accounting conservatism. In the low book-to-market firms, the large amount of research and development expenses, advertising expenses, and capital expenditure in current period generate unrecorded intangible assets because of accounting conservatism. These low book-to-market firms are currently undervalued but better future growth is expected. Thus the last three indicator variables RDINT (R&D expenses scaled by total assets), ADINT (advertising expenses scaled by the total assets), and CAPINT (capital expenditure scaled by the total assets) are assigned a value of one if they are larger than the industry median, zero otherwise.

    Similar to the construction of the FSCORE, the composite GSCORE is the sum of these eight fundamental signals.
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A higher (lower) GSCORE indicate more (less) good fundamental signals of a firm and thus better financial health for the growth stocks. Mohanram (2005) showed that an investment strategy with long position in high GSCORE stocks and short position in the low GSCORE stocks generate excess returns up to two years after the portfolio formation. In our model, we employ the FSCORE and GSCORE as the fundamental analysis indicator for value stocks and growth stock respectively. These fundamental scores are expected to improve investors' ability in separating winners from losers in addition to the technical information such as past returns and trading volume.

Technical Momentum Strategies

    The momentum returns in which past winner stocks keep winning and past loser stocks keep losing is a well known anomaly in asset pricing. Jegadeesh and Titman (1993) showed that an investment strategy with long position of past winner stocks and short position in past loser stocks in the past three to twelve month generate significantly positive return in the ensuing three to twelve months. Momentum returns has also been documented in international markets (Rouwenhorst 1998; Chui et al. 2003) and researchers have examined the causes of such phenomenon (Barberis et al. 1998; Daniel et al. 1998; Hong and Stein 1999). Moreover, the past trading volumes, along with past returns, have been documented to be associated with future returns (DeBondt and Thaler 1985; Lee and Swaminathan 2000; Chan et al. 2000; Grinblatt and Moskowitz 2004). In this study, we focus on one particular trading volume related variable, the BOS ratio, developed by Wu (2007) and examine how it improves investors' ability to separate momentum winners from losers.

    Wu (2007) argued that the momentum returns arises because of the asymmetric information between the informed and uninformed investors. The empirical proxy for the degree of asymmetric information developed by Wu (2007) is the BOS ratio which measures by the covariance of past returns and past trading volume of each individual stock. The BOS ratio for the ith stock in our portfolio is calculated as
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 is the cross section average of the monthly dollar trading volume for all stocks in the same quintile portfolio in period (t-1,t). BOS ratio will be used to examine the strength of momentum winners and losers in the future periods. 

Now we discuss how BOS ratio can be used examine the strength of momentum winners and losers in the future periods. For the winner stocks, a small or negative BOS indicates that when the informed investors try to sell their excessive long position, the informed are not in the market to buy. Negative adjustments in the prices are expected to compensate the uninformed and thus the winner momentum arises. For the loser stocks, a large and positive BOS indicates that when the informed try to close out their short position by purchasing back the shares, the uninformed are not in the market to sell. The informed investors have to raise the bid price and thus loser momentum is expected in the next period. For the purpose of further separating winners from losers, the long-short investment strategy with long position in past winners with lowest BOS ratio and short position in past losers with high BOS ratio is expected to generate larger abnormal returns than the technical momentum strategy. Prior literature in examining trading volume and momentum returns, such as Lee and Swaminathan (2000), found that momentum returns is more pronounced in high volume stocks. However, the BOS ratio allows us to further study the strength of momentum returns in the low volume stocks because the return predictability is determined by the covariance between past trading volume and past returns. In sum, we will construct our combined momentum strategy based on past returns, the BOS ratio, and the fundamental composite scores to examine the improvement of investors' ability in separating winner stocks from the loser stocks.

III. Sample Selection and Data Description
In this section, we will first introduce and the sample selection criteria. Then we will discuss the portfolio formulation methods used for the empirical tests. 
Sample Selection and Methodology

    Our sample includes all non-financial firms listed on NYSE and AMEX with sufficient monthly return data on CRSP and price and book value data on Compustat from January 1982 to December 2008. The firms listed on Nasdaq are not included because of the multiple counting of dealer trades. The trading volume of Nasdaq listed shares are not accurately measured due to the multiple counting trading when dealers are making the market. Therefore the Nasdaq listed shares are excluded from our sample to maintain consistency across different markets. Our sample excludes firms that are a foreign company, a closed-end fund, a real estate investment trust (REIT), and an American Depository Receipt (ADR). Firms with price less than one dollar and negative book-to-market ratio are excluded. The monthly stock data on returns, prices, and trading volumes are obtained from CRSP. Other annual financial data required to construct the FSCORE and GSCORE
 are obtained from Compustat. We delete all firms with insufficient time-series data required to compute the scores. Also, the returns to the sample firms delisted during the return measurement period are set to equal zero. 
    We conduct our empirical testing with respect to high book-to-market stocks (value stocks) and low book-to-market stocks (growth stocks) separately given their differences with respect to growth opportunity. At the end each month from January 1982 to December 2008, the stocks within the top (bottom) quintile portfolio based on the distribution of book-to-market ratio twelve months ago are selected as the value (growth) stocks sample.
 We further sort the stocks sequentially by cumulative returns in the past twelve months, the BOS ratio, and the fundamental scores.

 The resulting portfolios are denoted by (QMi,QBi,QFi) where QMi, QBi, and QFi are the ith quintile portfolio sorted by the past returns, the BOS ratio, and the fundamental indicator FSCORE/GSCORE respectively. For example, the portfolio consisting of the top winners, lowest BOS ratio, and highest FSCORE is denoted by (QM1,QB5,QF5). Similarly (QM5,QB5,QF1) contains stocks that are the top losers, highest BOS ratio, and lowest FSCORE.

    The performance of the combined momentum strategy involving the extreme portfolios, i.e. portfolios (QM1,QB5,QF5) and (QM5,QB5,QF1), for holding periods of one, three, and six months after the portfolio formation date are examined. Following the literature in price momentum strategy, the monthly return of K-month holding period is based on an equally-weighted portfolio consisting of portfolio constructed in the current month and previous K -1 months. More specifically, the monthly return for K -month holding period return are calculated from an overlapping portfolio that in each month contains portfolios of the momentum strategy selected in the past K months. For example, the monthly return for a holding period of three months is calculated by averaging the returns of portfolios from momentum strategy in current month, previous month, and two months ago. Finally, there is a one month difference between the portfolio formation period and the investment period to avoid the short-term return predictability resulting from the microstructure issue.

Correlation between Sorting Variables

    Table 1 provides the summary of the financial characteristics of the high book-to-market ratio stocks (value stocks) and the low book-to-market ratio stocks (growth stocks). The mean (median) of the book-to-market ratio are 2.243 (1.691) and 0.231 (0.177) for the value and growth stocks respectively. The growth stocks have larger assets and market value of equity comparing to the value stocks. The sales and sales growth for the growth stocks are higher than those of the value stocks and entire sample. This confirms that the growth firms grow at faster rates than the other firms in the sample. Moreover, the R&D intensity of the growth firms is also higher than other firms in the sample, indicating larger future potential growth opportunities for these firms.

(Insert Table 1 Here)

    We next examine the correlation between the variables based on which the investment strategies are constructed. Table 2 and 3 present the average Spearman rank-order correlations between past returns, BOS ratio, one and three-month future returns, composite fundamental scores, and the fundamental signals for value stocks and growth stocks in the sample period respectively. Consistent with the previous findings in Piotroski (2000) and Mohanram (2005), future performance of the stock returns are positively related to firms' financial health measured by the fundamental scores. The fundamental scores and one- and three-month future returns are positively correlated (0.171/0.184 and 0.114/0.123) for value and growth stocks respectively. These correlations are also stronger than those between individual signals and the future returns. Compared to the correlation of future returns with the composite GSCORE (0.114/0.123), this suggests that the investment strategy based on the aggregate information of the firm might outperform those based on individual signals. Moreover, the past cumulative returns are also positively correlated with the future performance of the stocks in our sample, i.e. the correlation is 0.423/0.397 and 0.452/0.411 for value and growth stocks respectively. More importantly, we did not find significant correlation between the past returns and the fundamental scores, and between BOS ratio and fundamental scores, while the past returns and BOS ratio are negatively correlated. We thus expect that the combined momentum strategy can generate better performance than the technical momentum strategy.

(Insert Table 2 Here)
(Insert Table 3 Here)
IV. Performances of Alternative Investment Strategies
In this section, we will first investigate the technical momentum strategy based on past returns and trading volume. Then we will study the combined momentum strategy based on both technical and fundamental information. We have found combined momentum strategy outperforms technical momentum strategy in terms of larger returns.
Technical Momentum Strategy Based on Past Returns and Trading Volume

    The combined momentum strategy constructed in the current study is based on the past returns, trading volume, and the fundamental indicators FSCORE/GSCORE. We conjecture that the combination of the technical information (past returns and trading volume) and fundamental information (composite fundamental scores) is useful to separate momentum winners from losers. More specifically, we expect that the returns to our combined momentum strategy will be significantly larger than those to the technical momentum strategy.

    Table 4 provides the technical momentum strategy returns of one, three, and six month holding periods from a long-short portfolio formed by past twelve months winners and losers from January 1982 to December 2007. In Table 4, the average monthly returns of the five quintile portfolios constructed by the past twelve month cumulative returns in percentage terms are reported for both value stocks and growth stocks. Value (growth) stocks are those in the top (bottom) tercile book-to-market portfolio at the end of each year. Portfolio QM5 (QM1) represents the winners (losers) which is constructed by stocks with the highest (lowest) cumulative returns in the past twelve months. The average monthly returns in excess of the three month Treasury-Bill rate for the value (growth) stocks are 0.6058 (0.9103), 0.5778 (0.9776), and 0.4905 (0.7656) percent for holding period one, three, and six month respectively. Our results showed that the momentum returns is generally stronger in the shorter holding period of one month and three month than the longer holding period of six months. Our results are consistent with those found in Jegadeesh and Titman (1993) in which they showed that the trading strategies based on past twelve months winners/losers and one-month and three-month holding periods exhibited strongest momentum returns ignoring the effect of trading costs. Moreover, Table 4 reports the monthly Fama-French Three Factors Model adjusted returns of each winners and losers portfolio and long-short investment strategy for the same holding periods. The risk-adjusted return of the portfolio relative to the three factors are the estimated intercept coefficients from the following time-series regression using monthly portfolio returns:
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where ri is the monthly return for the long-short portfolio i, rf  is the monthly return on three month T-bill, rm is the value-weighted return on the NYSE/AMEX/Nasdaq market index, SMB is the Fama-French small firm factor, HML is the Fama-French book-to-market factor, βi, φi, ψi are the corresponding factor loadings. In general, the results are consistent with those previously found in the average excess returns. The returns to the long-short investment strategy generate significantly positive momentum returns for value (growth) stocks in different holding periods. We also find that the momentum returns is relatively stronger in one and three month holding period and with declining returns six months after portfolio formation. The results in Table 4 suggest that the momentum returns documented in the prior literature also exist in our sample period. We next examine the strength of momentum returns when past trading volume is also considered.

(Insert Table 4 Here)

    As previously discussed, one of the explanation to the cause of momentum returns is proposed by Wu (2007) which argues it arises due to the asymmetric information between the informed and uninformed investors in the market. More importantly, stronger momentum returns are expected for stocks which are subject to larger degree of asymmetric information. Using the BOS ratio as an empirical proxy, the winner (loser) stocks with lower (higher) BOS ratio are the ones which are subject to a larger degree of asymmetric information and expected to generate larger momentum returns. In other words, the returns to this BOS momentum strategy, which is based on both past returns and BOS ratio, are expected to be higher than those found in Table 4.
In Table 5, the returns to the BOS momentum strategy are reported. At the end of each month during the sample period, we sort the stocks based on their past twelve months returns to form five quintile portfolios QM1 to QM5. We also independently sort all the sample stocks based on their BOS ratio, which is the covariance between their past twelve months returns and trading volume, to form five quintile portfolios QB1 to QB5. The portfolio QB5 (QB1) consists of those stocks that are subject to largest (smallest) degree of asymmetric information. More specifically, for the winner (loser) stocks, the QB5 portfolio consists of stocks having lowest (highest) covariance between past cumulative returns and past trading volume.

    Panel A in Table 5 show that controlling for winner momentum, the long-short investment strategy with long position in quintile portfolio QB5 and short position in quintile portfolio QB1 generate significantly positive return indicating using the additional sorting variable, the BOS ratio, allows the investors to obtain the best winners among the winners. Similarly, controlling for loser momentum, the portfolio (QB5-QB1) among losers generate significantly negative returns suggesting that BOS ratio further separates the worst losers among the losers in the technical momentum strategy. More importantly, we are interested in the BOS momentum strategy which is based on both past returns and BOS ratio, i.e. long top winners with lowest BOS ratio(QM1, QB5) and short top losers with highest BOS ratio (QM5, QB5). If the asymmetric information between informed and uninformed investors causes the momentum returns, the trading strategy constructed by these extreme portfolios is expected to generate larger long-short portfolio returns than technical momentum strategy based solely on past returns. Following Wu (2007), we formulate the testable hypothesis.

H1: The BOS momentum strategy based on both past cumulative returns and BOS ratio generates larger returns than the technical momentum strategy based solely on past cumulative returns.

    Using our notation, we can view this hypothesis in the following manner:
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where ΔBOS-MOM  is the return differences between the BOS momentum strategy and the technical momentum strategy, 
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 is the return to the BOS momentum strategy, and 
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 is the return to the technical momentum strategy. In Panel A of Table 5, the one-, three-, and six-month average monthly excess returns difference between the BOS momentum strategy and the technical momentum strategy ΔBOS-MOM are statistically significant at 0.9114, 0.9964, and 0.9856 percent respectively for high book-to-market stocks. The outperformance of the BOS momentum strategy is also found by using the Fama-French adjusted returns across in Panel A of Table 5. However, we observe neither the further separability among winners and losers nor the outperformance of the BOS momentum strategy among the growth stocks. The return differences ΔBOS-MOM among the growth stocks is either insignificantly positive or negative as shown in Panel B of Table 5. In general, our results demonstrate that BOS ratio indeed help investors measure the strength of momentum returns and identify the best (worst) among the winners (losers) among the value stocks but not among the growth stocks. 

(Insert Table 5 Here)

    In the prior research in trading volume literature, Datar et al. (1998) found a negative relation between past trading volume and future returns for the stocks. These authors documented that stocks with low trading volume in the recent past generate higher future returns than those with high trading volume. Lee and Swaminathan (2000) found that low volume stocks outperform high volume after controlling for price momentum and momentum is stronger among high volume stocks. Simple trading volume could be proxy for many different factors such as size, liquidity, and degree of asymmetric information. However, the BOS ratio provides a proxy for asymmetric information by measuring the covariance between past returns and past trading volume, and therefore narrows down the subsets concerning our investment strategy. In general, the momentum returns is stronger when past trading volume is incorporated into separating winners from losers when forming investment strategy. However, since these winners and losers stocks could have fundamentally different financial characteristics, we ask the question that whether further analyses regarding firm's fundamentals could aid investors in selecting the best (worst) among the winners (losers) stocks. We next examine the combined momentum strategy when the fundamental analysis indicators FSCORE/GSCORE are incorporated.

Combined Momentum Strategy Based on Technical and Fundamental Information
    In this section, we propose combined momentum strategy in term of the combined forecasting models developed by Granger and Newbold (1974), Lee et al. (1986), and Lee and Cummins (1998). The combined momentum strategy is constructed by past returns, past trading volume, and fundamental scores (FSCORE/GSCORE). The fundamental indicators FSCORE and GSCORE developed by Piotroski (2000) and Mohanram (2005) helped investors to separate the winner stocks from the loser stocks based on firm specific financial characteristics for value stocks and growth stock respectively. Their results indicate that the financially healthier firms outperform their counterparts with more financial constraints. We expect to observe larger momentum returns when the fundamental aspects of the firms are accounted in constructing the combined momentum strategy. Since the value stocks and growth stocks have different financial characteristics, we discuss their implication for momentum strategy separately.

    Table 6 provides the summary of the returns to the combined momentum strategy with respect to the high book-to-market (value) stocks. We empirically test whether the combined momentum strategy generate significantly larger returns than the BOS momentum strategy which is based solely on technical information among the value stocks.

H2: The combined momentum strategy based on portfolios sorted by past cumulative returns, BOS ratio, and the FSCORE generates larger returns than the BOS momentum strategy among the high book-to-market (value) stocks.

    This testable hypothesis can be written as the following using our notation.
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where ΔCS-BOS  is the return differences between the combined momentum strategy and the BOS momentum strategy, 
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 is the return to the combined momentum strategy, and 
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 is the return to the BOS momentum strategy. From Table 6 we first observe that the financially healthier firms indeed outperform those with more financial constraints. In both panels, the top quintile portfolio outperforms the bottom quintile portfolio sorted by the FSCORE after controlling for price momentum and BOS ratio. In Panel A of Table 6, the one month holding period average excess return of (QF5-QF1) is 1.2125 percent and 1.2561 percent after controlling for loser and winner momentum respectively. The same can be found for three month and six month holding period average excess returns as well as the Fama-French Three Factor model adjusted returns in Panel B. More importantly, the combined momentum strategy with long position in top winners with low BOS ratio and high FSCORE, and short position in top losers with high BOS ratio and low FSCORE generate statistically significant returns. The combined momentum strategy constructed by the three-way sorted portfolios produce 1.7817, 3.3598, and 2.9584 percent monthly average excess returns for one, three, and six month holding periods respectively. Comparing with the returns to the technical momentum strategy shown in Table 5, we find that our combined momentum strategy produce significantly higher returns in terms of significantly positive return difference (ΔCS-BOS) across all holding periods and return calculation. The significantly larger return to our combined investment strategy indicates a stronger momentum returns when fundamental indicators are considered to identify winners and losers. In general, our results in Table 6 suggest that for the value stocks, incorporating the fundamental indicators improve investors' ability in separating winners from losers. 
(Insert Table 6 Here)
Given the fundamentally different characteristics between the growth firms and value firms, Mohanram (2005) developed the GSCORE system for identifying firms with better overall financial soundness. Firms with higher GSCORE indicate better financial health than the ones with lower scores. In this section, we further examine whether the incorporation of the GSCORE in the technical momentum strategy can help investors separate winners from the losers. Table 7 summarizes the returns to our combined momentum strategy with respect to growth stocks. We note that similar to the value stocks, the financially healthier growth stocks outperform those with more financial constraints. The long-short investment strategy with long position in financially healthier firms and short position in financially constrained firms, (QG5-QG1) all produce significantly positive returns across different holding periods and return calculation. If the GSCORE further separates winners from losers along with past returns and BOS ratio, our proposed combined momentum strategy is expected to produce larger returns between extreme portfolio (QM1,QB5,QG5)-( QM1,QB5,QG1) than those found in Table 5. In other words, we test whether the combined investment strategy generate significantly larger returns than the BOS momentum strategy based solely on technical information among the growth stocks.

H3: The combined momentum strategy based on portfolios sorted by past cumulative returns, BOS ratio, and the GSCORE generates larger returns than the BOS momentum strategy among the low book-to-market (growth) stocks.
    This hypothesis can be written as follows using our notation.
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where ΔCS-BOS  is the return differences between the combined momentum strategy and the BOS momentum strategy, 
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is the return to the combined momentum strategy, and 
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 is the return to the BOS momentum strategy. In Table 7, the return difference between our combined momentum strategy and BOS momentum strategy (ΔCS-BOS) are all significantly positive. For example, the return differences (ΔCS-BOS) are significantly positive at 2.4686, 1.9368, and 1.2436 percent for one-, three-, and six-month holding period excess returns. Similar results can be found among the Fama-French adjusted returns in Panel B. In sum, our results show that the investment strategy based on past returns, BOS ratio, and the GSCORE generate larger momentum returns than those to technical momentum strategy in Table 4 and Table 5.

(Insert Table 7 Here)
    We further compare the risk-return characteristics across three different investment strategies. Table 8 provides the summary of comparison of three month average excess returns for the investment strategies based on different sorting for value stocks (Panel A) and growth stocks (Panel B). For both value stocks and growth stocks, our proposed combined momentum strategy outperforms the strategy based on the past returns alone, and on the past returns with the BOS ratio. Further, we report the information ratio (IR) of the three different strategies. The information ratio is defined as the active return divided by tracking error,
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where active return (ri-rm) is the difference between the return on the different strategies and the return on the NYSE/AMEX/Nasdaq value-weighted return, and tracking error 
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 is the standard deviation of the active return. We find that our combined momentum strategy produces the highest information ratio in all three different holding periods for both value and growth stocks. For example, our combine momentum strategy generates a higher information ratio (0.57) than the technical momentum strategy (0.37) and the BOS momentum strategy (0.51) in one-month excess return for the value stocks. The higher information ratio is generated not only because of the higher expected return but also lower portfolio risk. The last column of Table 8 reports the correlation of the fundamental strategy returns with that of the momentum strategy. More specifically, we construct investment strategies based on each factor alone and examine their correlation across our sample period for both value and growth stocks. For both the value and growth stocks in our sample, the momentum returns is negatively correlated with the returns of fundamental strategy based on FSCORE/GSCORE. The negative correlation between the two strategies implies that the combination of them might reduce the overall riskiness of the portfolios while achieving higher expected rate of return. In summary, our findings suggest that the combination of technical information and the fundamental information improve the ability of the investors to further separate the winner stocks from the loser stocks.
(Insert Table 8 Here)
V. Summary

    In this paper, we have developed three hypotheses to test whether combined momentum strategy outperforms the technical momentum strategy or not. In the first hypothesis, we test whether the BOS momentum strategy (Wu 2007) outperforms the technical momentum strategy among both value and growth stocks. In the second hypothesis, we test whether the combined momentum strategy outperforms the BOS momentum strategy among value stocks. Finally, in the third hypothesis, we test whether the combined momentum strategy outperforms the BOS momentum strategy among the growth stocks. 
We construct our combined momentum strategy by incorporating the FSCORE (Piotroski 2000) and GSCORE (Mohanram 2005) system into the technical momentum strategy. We first find that the profits for the technical momentum strategy exist persistently during the sample period from 1982 to 2008. More importantly, we find that combined momentum strategy outperforms the technical momentum strategy in terms of higher returns. The larger profitability generated by the combined momentum strategy indicates that the composite fundamental scores can be used by investors to separate the best (worst) among the winners (losers) stocks. Our findings suggest that fundamental analysis indeed provides information to investors in addition to the technical information for selecting winner and loser stocks. 
We also consider our results contributing to the security analysts and portfolio managers using technical momentum strategy. These technical momentum investors usually had success during the period when the performances of the winners are distinguishable from the losers. However, when the market experiences an overall rally like the one in the months of March and April of 2009, these technical momentum investors suffer substantially from the loss on the short side of their portfolio (Xydias and Thomasson 2009). By incorporating the fundamental analysis into the technical momentum strategy, we believe our results should be useful for the security analysis and portfolio management to these investors.
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Table 1. Financial Characteristics of Value and Growth Stocks (1982-2008)
The value (growth) stocks are those stocks in the top (bottom) quintile portfolio based on the distribution of book-to-market ratio twelve months ago. ROA=1 if a firm's (Return on Asset/Total Assets) is positive, 0 otherwise. AROA=1 if a firm's change in ROA is positive, 0 otherwise. CFO=1 if a firm's (Cash Flow from Operation/Total Assets) is positive, 0 otherwise. Accrual=1 if a firm's (current year net income before extraordinary items less cash flow from operation) is positive, 0 otherwise. DMargin=1 if a firm's (gross profit scaled by total sales) is positive, 0 otherwise. DTurn=1 if a firm's (total sales scaled by average total assets) is positive, 0 otherwise. DLever=1 if the historical changes in the ratio of total long term debt to average assets is negative, 0 otherwise. DLIQUD=1 if a firm's change in current ratio between the current year and previous year is positive, 0 otherwise. EQOFFER=1 if the firm did not have equity issuance in the previous year, 0 otherwise. RDINT=1 if a firm's R&D expenses scaled by the average total assets is larger than that of the median of all firms in the same industry. ADINT=1 if a firm's advertising expenses scaled by the total assets is larger than that of the median of all firms in the same industry. CAPINT=1 if a firm's capital expenditure scaled by the total assets is larger than that of the median of all firms in the same industry.
	　
	Panel A: Value Stocks (N=27091)
	Panel B: Growth Stocks (N=28274)
	Panel C: All Firms (N=145632)

	Variables
	Mean
	Median
	Std Dev
	Mean
	Median
	Std Dev
	Mean
	Median
	Std Dev

	MV Equity ($mil)
	192.352
	15.322
	1002.364
	2845.452
	150.321
	1512.121
	1189.412
	100.021
	9012.125

	Assets ($mil)
	1465.312
	60.214
	4832.121
	1508.121
	89.126
	8645.215
	2215.415
	136.874
	15649.215

	Net Income ($mil)
	9.562
	0.512
	142.321
	75.523
	3.536
	523.212
	60.147
	2.945
	402.168

	Book/Market
	2.243
	1.691
	29.356
	0.231
	0.176
	0.649
	0.945
	0.741
	2.513

	ROA
	-0.025
	0.019
	0.134
	-0.048
	0.039
	0.31
	-0.052
	0.046
	0.216

	AROA
	-0.009
	-0.003
	0.198
	-0.004
	0.002
	0.265
	-0.006
	0.005
	0.197

	CFO
	0.051
	0.068
	0.135
	0.036
	0.012
	0.29
	0.045
	0.052
	0.302

	Accrual
	-0.061
	-0.05
	0.15
	-0.032
	0.01
	0.186
	-0.043
	0.006
	0.165

	DMargin
	-0.04
	-0.004
	1.356
	0.021
	0.102
	1.842
	-0.002
	0.008
	1.564

	DTurn
	0.026
	0.007
	0.602
	0.041
	0.102
	0.846
	0.035
	0.043
	0.987

	DLever
	0.003
	0.002
	0.081
	0.015
	0.021
	0.156
	0.009
	0.013
	0.231

	DLIQUID
	-0.009
	0.001
	0.132
	-0.005
	-0.003
	0.154
	-0.008
	-0.003
	0.187


Table 2. Correlation among Fundamental Signals, FSCORE, BOS Ratio, and Past Returns for Value Stocks
Table 2 presents the average Spearman rank-order correlation between the fundamental signals, the FSCORE index, future stocks return, cumulative past returns, and the BOS ratio for the value stock in our sample from 1982 to 2007. The FSCORE is the sum of nine fundamental signals which is assigned a value 1 otherwise 0 if the following criteria are met: F1:ROA≥0, F2:AROA≥0, F3: CFO≥0, F4: Accrual≤0, F5: DMargin≥0, F6: DTurn≥0, F7: DLever≤0, F8: DLIQUD≥0, and F9: EQOFFER=0. The definitions of these variables are described in Section 2. Ret₁ and Ret₂ are the future one- and three-month holding period monthly returns of each stocks after the portfolio formation. Cum.Ret. is the cumulative returns over the twelve months period immediately before the portfolio formation. BOS ratio is defined as the covariance between the monthly return and the adjusted trading volume cov(ri,πi) over the twelve month period immediately before the portfolio formation.

	　
	Ret1
	Ret2
	FSCORE
	BOS Ratio
	Cum. Ret.
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9

	Ret1
	1
	0.521
	0.171
	0.003
	0.423
	0.084
	0.031
	0.102
	0.049
	0.042
	0.052
	0.051
	0.025
	0.015

	Ret2
	
	1
	0.184
	-0.022
	0.397
	0.091
	0.029
	0.114
	0.061
	0.037
	0.029
	0.054
	0.031
	0.038

	FSCORE
	
	
	1
	0.067
	0.005
	0.471
	0.549
	0.512
	0.341
	0.416
	0.371
	0.41
	0.347
	0.297

	BOS Ratio
	
	
	
	1
	-0.007
	0.06
	0.047
	0.106
	0.068
	0.012
	0.024
	0.081
	0.0871
	0.034

	Cum. Ret.
	
	
	
	
	1
	0.012
	0.007
	0.046
	0.071
	0.004
	-0.002
	0.102
	0.031
	0.054

	F1:ROA≥0
	
	
	
	
	
	1
	0.241
	0.357
	-0.019
	0.687
	-0.017
	0.141
	0.114
	-0.051

	F2:AROA≥0
	
	
	
	
	
	
	1
	0.125
	-0.023
	0.411
	0.009
	0.128
	0.124
	0.031

	F3: CFO≥0
	
	
	
	
	
	
	
	1
	0.514
	0.061
	0.039
	0.087
	0.141
	-0.027

	F4: Accrual≤0
	
	
	
	
	
	
	
	
	1
	-0.002
	0.059
	0.014
	0.067
	-0.013

	F5: DMargin≥0
	
	
	
	
	
	
	
	
	
	1
	0.001
	0.067
	0.079
	0.011

	F6: DTurn≥0
	
	
	
	
	
	
	
	
	
	
	1
	0.08
	0.049
	0.029

	F7: DLever≤0
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.004
	-0.019

	F8: DLIQUD≥0
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.021

	F9: EQOFFER=0
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	1


Table 3. Correlation among Fundamental Signals, GSCORE, BOS Ratio, and Past Returns for Growth Stocks
Table 3 presents the average Spearman rank-order correlation between the fundamental signals, the GSCORE index, future stocks return, cumulative past returns, and the BOS ratio for the growth stock in our sample from 1982 to 2007. The GSCORE is the sum of eight fundamental signals which is assigned a value 1 otherwise 0 if the following criteria are met: G1:ROA≥IndM, G2:CFO≥ IndM, G3:Accrual≤0, G4:σNI≤ IndM, G5: σSG ≤ IndM, G6:RDINT≥ IndM, G7:ADINT≥ IndM, and G8:CAPINT≥ IndM. The definitions of these variables are described in Section 2. Ret₁ and Ret₂ are the future one- and three-month holding period monthly returns of each stocks after the portfolio formation. Cum.Ret. is the cumulative returns over the twelve months period immediately before the portfolio formation. BOS ratio is defined as the covariance between the monthly return and the adjusted trading volume cov(ri,πi) over the twelve month period immediately before the portfolio formation.

	　
	Ret1
	Ret2
	GSCORE
	BOS Ratio
	Cum.Ret.
	G1
	G2
	G3
	G4
	G5
	G6
	G7
	G8

	Ret1
	1
	0.578
	0.114
	0.011
	0.452
	0.048
	0.051
	0.028
	0.071
	0.059
	0.041
	0.021
	0.023

	Ret2
	
	1
	0.123
	-0.007
	0.411
	0.051
	0.063
	0.034
	0.081
	0.063
	0.051
	0.029
	0.034

	GSCORE
	
	
	1
	0.073
	0.008
	0.601
	0.712
	0.201
	0.541
	0.611
	0.168
	0.513
	0.351

	BOS Ratio
	
	
	
	1
	-0.011
	0.088
	0.064
	0.014
	0.121
	0.097
	0.074
	0.011
	0.007

	Cum.Ret.
	
	
	
	
	1
	0.004
	0.016
	0.007
	0.013
	0.024
	0.031
	0.007
	-0.002

	G1:ROA≥IndM
	
	
	
	
	
	1
	0.554
	-0.189
	0.315
	0.31
	-0.135
	0.098
	0.064

	G2:CFO≥ IndM
	
	
	
	
	
	
	1
	0.061
	0.341
	0.321
	-0.114
	0.078
	0.063

	G3:Accrual≤0
	
	
	
	
	
	
	
	1
	0.113
	0.051
	-0.071
	0.009
	0.034

	G4:σNI≤ IndM
	
	
	
	
	
	
	
	
	1
	0.501
	-0.154
	0.056
	0.027

	G5: σSG ≤ IndM
	
	
	
	
	
	
	
	
	
	1
	-0.112
	0.083
	0.071

	G6:RDINT≥ IndM
	
	
	
	
	
	
	
	
	
	
	1
	0.103
	-0.027

	G7:ADINT≥ IndM
	
	
	
	
	
	
	
	
	
	
	
	1
	0.009

	G8:CAPINT≥ IndM
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	1


Table 4. Returns to Technical Momentum Strategy (1982-2008)
Table 4 provides the momentum returns of one, three, and six month holding periods returns from a long-short portfolio constructed from past twelve months winner and loser stocks from January 1982 to December 2007. We reported the average monthly excess return and Fama-French Three Factors Model monthly adjusted returns in percentage term (associated White heteroskedasticity corrected t-statistics are reported below the returns). The monthly excess return is the difference between portfolio return and the monthly return on Three-Month Treasury-Bill (ri - rf). The Fama-French risk-adjusted return of the portfolio relative to the three factors is the estimated intercept coefficients from the following time-series regression using monthly portfolio returns: 
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where ri is the monthly return for the long-short portfolio i, rf is the monthly return on three month T-bill, rm is the value-weighted return on the NYSE/AMEX/Nasdaq market index, SMB is the Fama-French small firm factor, HML is the Fama-French book-to-market factor, βi, φi, ψi are the corresponding factor loadings. At the end each month t, the stocks are sorted into five quintile portfolios independently by the cumulative returns in the previous year, from month (t-12) to (t-1). QM1 (QM5) is the portfolio consisting of the stocks with the past twelve months cumulative returns in the top (bottom) twenty percent. (QM1- QM5) is the profits from the long-short investment strategy in which the long position consisting of the past winners and short position consisting of the past losers. We measured the difference in average one, three, and six months return between the monthly rebalanced extreme portfolios. The difference between the extreme portfolios are calculated by averaging monthly profits on an overlapping portfolio that in each month contains an equally weighted portfolio of the long-short momentum portfolios selected in the past six months.
	Panel A: Value Stocks

	Average Monthly Excess Returns (%)

	
	QM5
	QM4
	QM3
	QM2
	QM1
	QM1- QM5

	1-Month(K=1)
	0.3370
	0.4851
	0.5225
	0.7244
	0.9428
	0.6058

	
	2.32
	2.58
	2.65
	2.76
	2.91
	2.66

	3-Month(K=3)
	0.3219
	0.3728
	0.4836
	0.5308
	0.8997
	0.5778

	
	2.21
	2.33
	2.37
	2.52
	2.88
	2.69

	6-Month(K=6)
	0.2451
	0.3668
	0.4887
	0.556
	0.7356
	0.4905

	　
	1.95
	2.25
	2.55
	2.66
	2.77
	2.59

	
	
	
	
	
	
	

	Fama-French 3-Factor Model Monthly Adj. Returns (%)
	
	

	
	QM5
	QM4
	QM3
	QM2
	QM1
	QM1- QM5

	1-Month(K=1)
	0.0791
	0.2685
	0.3724
	0.5072
	0.7939
	0.7184

	
	1.42
	1.88
	1.93
	2.53
	2.82
	2.78

	3-Month(K=3)
	0.0066
	0.2271
	0.3886
	0.4853
	0.7737
	0.7671

	
	0.25
	1.7
	1.92
	2.08
	2.77
	2.75

	6-Month(K=6)
	-0.0187
	0.2124
	0.3767
	0.4093
	0.6487
	0.6674

	　
	-0.53 
	1.71 
	1.90 
	1.95 
	2.69 
	2.65 

	
	
	
	
	
	
	

	Panel B: Growth Stocks

	Average Monthly Excess Returns (%)

	
	QM5
	QM4
	QM3
	QM2
	QM1
	QM1- QM5

	1-Month(K=1)
	0.0331
	0.142
	0.3371
	0.6702
	0.9434
	0.9103

	
	1.25
	1.52
	1.78
	2.28
	2.85
	2.8

	3-Month(K=3)
	-0.0196
	0.5218
	0.7565
	0.8673
	0.958
	0.9776

	
	-1.15
	2.15
	2.37
	2.53
	2.91
	2.98

	6-Month(K=6)
	0.1519
	0.1784
	0.2987
	0.6759
	0.9176
	0.7656

	　
	1.61 
	1.66 
	1.70 
	2.22 
	2.81 
	2.41 

	
	
	
	
	
	
	

	Fama-French 3-Factor Model Monthly Adj. Returns (%)
	
	

	
	QM5
	QM4
	QM3
	QM2
	QM1
	QM1- QM5

	1-Month(K=1)
	-0.8206
	-0.2347
	0.2001
	0.3349
	0.4602
	1.2808

	
	-2.41
	-1.62
	1.53
	1.8
	1.91
	3.21

	3-Month(K=3)
	-0.8471
	-0.1418
	0.1906
	0.3296
	0.492
	1.3391

	
	-2.48
	-1.48
	1.63
	1.75
	2.02
	3.41

	6-Month(K=6)
	-0.6608
	-0.2037
	0.2379
	0.3862
	0.4655
	1.1263

	　
	-2.20 
	-1.50 
	1.65 
	1.83 
	1.97 
	3.02 


Table 5. Returns to BOS Momentum Strategy (1982-2008)
Table 5 provides the returns of one, three, and six month holding periods from a long-short investment strategy based on past twelve months returns and BOS ratio from January 1982 to December 2007. We reported the average monthly excess return and Fama-French Three Factors Model monthly adjusted returns in percentage term (associated White heteroskedasticity corrected t-statistics are reported below the returns). The monthly excess return is the difference between portfolio return and the monthly return on Three-Month Treasury-Bill (ri - rf). The Fama-French risk-adjusted return of the portfolio relative to the three factors is the estimated intercept coefficients from the following time-series regression using monthly portfolio returns: 
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the definition of these variables are identical to those described in Table 4. At the end each month t from January 1982 to December 2007, we sort the stocks sequentially by cumulative returns in the past twelve months and the BOS ratio. QM1 (QM5) is the portfolio consisting of the stocks with the past twelve months cumulative returns in the top (bottom) twenty percent. QB1 (QB5) is the portfolio consisting of the winners (losers) with the lowest (highest) BOS ratio. ΔBOS-MOM is the difference between the returns to the BOS momentum strategy in Table 5 and the technical momentum strategy in Table 4, i.e. ΔBOS-MOM =[(QM1, QB5)-( QM5, QB5)]-[ QM1- QM5]. We use the paired difference t-test to test whether ΔBOS-MOM is statistically significant from zero. The t-statistics is t=xD/(sD/√n) where xD is the mean of differences between BOS and MOM strategy, sD is the sample standard deviation of the differences, and n is the number of months from Jan.1982 to Dec. 2007 in our sample.

	
	Panel A: Value Stocks
	Panel B: Growth Stocks

	1-Month Average Excess Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	2.6619
	1.2073
	-1.4546
	1.2999
	0.3881
	-0.9118

	
	4.02
	2.13
	-2.40
	1.81
	0.89
	-1.34

	QM1(Winners)
	1.7960
	2.1187
	0.3226
	1.0297
	1.2249
	0.1952

	
	5.51
	5.65
	1.72
	3.06
	2.59
	0.46

	(QM1, QB5)
	
	0.9114
	
	
	0.8368
	

	-( QM5, QB5)
	
	1.74
	
	
	1.73
	

	ΔBOS-MOM
	
	0.3056
	
	
	-0.0735
	

	
	
	1.95
	
	
	-0.86
	

	3-Month Average Excess Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	2.3017
	1.3797
	-0.9220
	0.9414
	0.1486
	-0.7928

	
	3.65
	2.54
	-1.72
	1.50
	0.37
	-1.37

	QM1(Winners)
	1.6533
	2.3761
	0.7228
	1.0315
	1.2411
	0.2095

	
	5.37
	6.79
	2.52
	3.05
	2.72
	0.53

	(QM1, QB5)
	
	0.9964
	
	
	1.0925
	

	-( QM5, QB5)
	
	2.05
	
	
	2.44
	

	ΔBOS-MOM
	
	0.4186
	
	
	0.1149
	

	
	
	2.11
	
	
	1.62
	

	6-Month Average Excess Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	2.0233
	1.2071
	-0.8162
	1.4095
	0.1708
	-1.2388

	
	3.56
	2.33
	-1.68
	2.26
	0.44
	-2.21

	QM1(Winners)
	1.5756
	2.1927
	0.3427
	0.9459
	1.1302
	0.1843

	
	5.33
	6.63
	2.13
	2.75
	2.63
	0.51

	(QM1, QB5)
	
	0.9856
	
	
	0.9594
	

	-( QM5, QB5)
	
	2.20
	
	
	2.36
	

	ΔBOS-MOM
	
	0.4951
	
	
	0.1938
	

	
	
	1.99
	
	
	1.77
	

	1-Month FF3 Adj. Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	1.6209
	-0.2836
	-1.9045
	0.4807
	-0.4124
	-0.8931

	
	2.82
	-0.67
	-3.16
	0.74
	-1.38
	-1.31

	QM1(Winners)
	0.8560
	1.2547
	0.3987
	0.7787
	0.5516
	-0.2271

	
	3.88
	4.17
	1.63
	4.06
	1.47
	-0.54

	(QM1, QB5)
	
	1.5383
	
	
	0.9640
	

	-( QM5, QB5)
	
	2.97
	
	
	1.97
	

	ΔBOS-MOM
	
	0.8199
	
	
	-0.3168
	

	
	
	2.25
	
	
	-1.33
	

	3-Month FF3 Adj. Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	1.4091
	-0.0547
	-1.4639
	0.2501
	-0.5915
	-0.8416

	
	2.55
	-0.14
	-2.73
	0.45
	-2.29
	-1.46

	QM1(Winners)
	0.7536
	1.4667
	0.7131
	0.7981
	0.6540
	-0.1441

	
	4.07
	5.76
	2.43
	4.46
	1.92
	-0.39

	(QM1, QB5)
	
	1.5214
	
	
	1.2455
	

	-( QM5, QB5)
	
	3.24
	
	
	2.82
	

	ΔBOS-MOM
	
	0.7544
	
	
	-0.0835
	

	
	
	2.01
	
	
	-0.91
	

	6-Month FF3 Adj. Returns (%)

	
	QB1
	QB5
	(QB5- QB1)
	QB1
	QB5
	(QB5- QB1)

	QM5 (Losers)
	1.2860
	-0.1102
	-1.3962
	0.6172
	-0.5516
	-1.1688

	
	2.64
	-0.30
	-2.86
	1.15
	-2.31
	-2.08

	QM1(Winners)
	0.6727
	1.3380
	0.6653
	0.7187
	0.5793
	-0.1394

	
	3.99
	5.86
	2.49
	4.25
	1.90
	-0.42

	(QM1, QB5)
	
	1.4482
	
	
	1.1309
	

	-( QM5, QB5)
	
	3.34
	
	
	2.85
	

	ΔBOS-MOM
	
	0.7807
	
	
	0.0046
	

	 
	 
	2.08
	 
	 
	0.65
	 



Table 6. Returns to Combined Momentum Strategy – Value Stocks (1982-2008)

Table 6 provides the summary of the momentum returns when the value stocks are sorted by past returns, BOS ratio, and the fundamental indicator FSCORE. We reported the average monthly excess return and Fama-French Three Factors Model monthly adjusted returns in percentage term (associated White heteroskedasticity corrected t-statistics are reported below the returns). The monthly excess return is the difference between portfolio return and the monthly return on Three-Month Treasury-Bill (ri - rf). The Fama-French risk-adjusted return of the portfolio relative to the three factors is the estimated intercept coefficients from the following time-series regression using monthly portfolio returns: 
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where the definition of these variables are identical to those described in Table 4. At the end each month t from January 1982 to December 2007, we sort the stocks sequentially by cumulative returns in the past twelve months, the BOS ratio, and the fundamental scores. Portfolios QMi and QBi have the same definition as in previous tables. QF1 (QF5) is the portfolio consisting of the stocks with lowest (highest) FSCORE. (QM1, QB5, QF5)-( QM5, QB5, QF1) is the profits generated from the long-short investment strategy with long position in top winners-lowest BOS-highest FSCORE stocks and short position in top losers-highest BOS-lowest FSCORE stocks. ΔCS-BOS is the difference of long-short portfolio returns between the BOS momentum strategy in Table 5 and the combined strategy based on past returns, BOS ratio, and FSCORE, i.e. ΔCS-BOS = [(QM1, QB5, QF5)-( QM5, QB5, QF1)] - [(QM1, QB5)-( QM5, QB5)]. We use the paired difference t-test to test whether ΔCS-BOS is statistically significant from zero. The t-statistics is t=xD/(sD/√n) where xD is the mean of differences between CS and BOS strategy, sD is the sample standard deviation of the differences, and n is the number of months from Jan.1982 to Dec. 2007 in our sample.

	Panel A: Monthly Average Excess Returns (%)

	1-Month Average Excess Returns (%)
	3-Month Average Excess Returns (%)
	6-Month Average Excess Returns (%)

	
	QF1
	QF5
	(QF5- QF1)
	QF1
	QF5
	(QF5- QF1)
	QF1
	QF5
	(QF5- QF1)

	(QM5, QB5)
	-0.6941
	0.5184
	1.2125
	-2.1933
	0.0778
	2.2711
	-2.0617
	0.2355
	2.2971

	
	-2.22
	2.33
	2.95
	-4.02
	1.61
	4.52
	-3.71
	1.93
	4.55

	(QM1, QB5)
	0.0315
	1.0876
	1.2561
	-0.3498
	1.1665
	1.5163
	0.1026
	0.8968
	0.7942

	
	0.26
	2.71
	3.02
	-1.88
	2.76
	3.11
	1.71
	2.41
	2.35

	(QM1, QB5,QF5)
	1.7817
	
	
	3.3598
	
	
	2.9584
	

	-(QM5, QB5, QF1)
	2.04
	
	
	4.54
	
	
	4.67
	

	ΔCS-BOS
	
	0.8703
	
	
	2.3634
	
	
	1.9728
	

	
	
	2.71
	
	
	4.43
	
	
	3.64
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Panel B: Fama-French Three Factors Model Adjusted Returns (%)

	1-Month FF3 Adj. Returns (%)
	3-Month FF3 Adj. Returns (%)
	6-Month FF3 Adj. Returns (%)

	
	QF1
	QF5
	(QF5- QF1)
	QF1
	QF5
	(QF5- QF1)
	QF1
	QF5
	(QF5- QF1)

	(QM5, QB5)
	-0.8502
	0.4323
	1.2825
	-3.0083
	-0.4263
	2.9656
	-1.7089
	0.1682
	1.8771

	
	-2.61
	2.11
	2.85
	-4.8
	-0.07
	4.35
	-3.41
	1.63
	3.51

	(QM1, QB5)
	0.2194
	1.2928
	1.0735
	-1.4489
	0.9097
	2.3587
	0.6712
	1.9100
	1.2388

	
	1.65
	3.05
	2.75
	-2.45
	2.05
	3.53
	2.33
	3.61
	3.08

	(QM1, QB5,QF5)
	2.1431
	
	
	3.918
	
	
	3.6189
	

	-(QM5, QB5, QF1)
	2.33
	
	
	5.14
	
	
	5.66
	

	ΔCS-BOS
	
	0.6047
	
	
	2.3966
	
	
	2.1706
	

	 
	 
	2.69
	 
	 
	4.11
	 
	 
	4.34
	 


Table 7. Returns to Combined Momentum Strategy – Growth Stocks (1982-2008)

Table 6 provides the summary of the momentum returns when the growth stocks are sorted by past returns, BOS ratio, and the fundamental indicator GSCORE. We reported the average monthly excess return and Fama-French Three Factors Model monthly adjusted returns in percentage term (associated White heteroskedasticity corrected t-statistics are reported below the returns). The monthly excess return is the difference between portfolio return and the monthly return on Three-Month Treasury-Bill (ri - rf). The Fama-French risk-adjusted return of the portfolio relative to the three factors is the estimated intercept coefficients from the following time-series regression using monthly portfolio returns: 
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Where the definition of these variables are identical to those described in Table 4. At the end each month t from January 1982 to December 2007, we sort the stocks sequentially by cumulative returns in the past twelve months, the BOS ratio, and the fundamental scores. Portfolios QMi and QBi have the same definition as in previous tables. QG1 (QG5) is the portfolio consisting of the stocks with lowest (highest) GSCORE. (QM1, QB5, QG5)-( QM5, QB5, QG1) is the profits generated from the long-short investment strategy with long position in top winners-lowest BOS-highest GSCORE stocks and short position in top losers-highest BOS-lowest GSCORE stocks. ΔCS-BOS is the difference of long-short portfolio returns between the BOS momentum strategy in Table 5 and the combined strategy based on past returns, BOS ratio, and GSCORE, i.e. ΔCS-BOS = [(QM1, QB5, QG5)-( QM5, QB5, QGF1)] - [(QM1, QB5)-( QM5, QB5)]. We use the paired difference t-test to test whether ΔCS-BOS is statistically significant from zero. The t-statistics is t=xD/(sD/√n) where xD is the mean of differences between CS and BOS strategy, sD is the sample standard deviation of the differences, and n is the number of months from Jan.1982 to Dec. 2007 in our sample.
	Panel A: Monthly Average Excess Returns (%)

	1-Month Average Excess Returns (%)
	3-Month Average Excess Returns (%)
	6-Month Average Excess Returns (%)

	
	QG1
	QG5
	(QG5- QG1)
	QG1
	QG5
	(QG5- QG1)
	QG1
	QG5
	(QG5- QG1)

	(QM5, QB5)
	-1.2545
	0.2357
	1.4902
	-1.0906
	0.1133
	1.2039
	-0.9180
	0.1193
	1.0373

	
	-2.61
	1.67
	2.82
	-2.41
	1.18
	2.77
	-2.34
	1.23
	2.62

	(QM1, QB5)
	0.4123
	2.051
	1.6387
	0.0715
	1.9387
	1.8671
	0.4166
	1.4851
	1.0685

	
	1.82
	3.66
	2.95
	1.12
	3.54
	3.21
	1.99
	3.16
	2.90

	(QM1, QB5,QG5)
	3.3055
	
	
	3.0293
	
	
	2.2031
	

	-(QM5, QB5, QG1)
	2.53
	
	
	2.94
	
	
	2.51
	

	ΔCS-BOS
	
	2.4686
	
	
	1.9368
	
	
	1.2436
	

	
	
	3.12
	
	
	2.78
	
	
	2.88
	

	
	
	
	
	
	
	
	
	
	

	Panel B: Fama-French Three Factors Model Adjusted Returns (%)

	1-Month FF3 Adj. Returns (%)
	3-Month FF3 Adj. Returns (%)
	6-Month FF3 Adj. Returns (%)

	
	QG1
	QG5
	(QG5- QG1)
	QG1
	QG5
	(QG5- QG1)
	QG1
	QG5
	(QG5- QG1)

	(QM5, QB5)
	-2.7527
	0.0935
	2.8462
	-2.2433
	-0.1034
	2.1399
	-1.9265
	-0.0580 
	1.8686

	
	-4.52
	1.02
	4.61
	-4.15
	-1.20
	4.01
	-3.71
	-1.11
	3.69

	(QM1, QB5)
	-0.1459
	0.9571
	1.1030 
	-0.4804
	0.9498
	1.4302
	-0.1530
	0.7552
	0.7082

	
	-1.31
	2.53
	2.81
	-1.94
	2.43
	3.15
	-1.40
	2.27
	2.47

	(QM1, QB5,QG5)
	3.7097
	
	
	3.1931
	
	
	2.1817
	

	-(QM5, QB5, QG1)
	2.89
	
	
	3.02
	
	
	2.44
	

	ΔCS-BOS
	
	2.7457
	
	
	1.9476
	
	
	1.0508
	

	 
	 
	4.23
	 
	 
	3.10 
	 
	 
	2.77
	 


Table 8. Returns to Different Momentum Strategies
Table 8 provides the comparison of the holding period monthly excess returns to the investment strategies based on different sorting variables for value (Panel A) and growth stock (Panel B). MOM is the technical momentum investment strategy based solely on past returns. BOS is the investment strategy based on past returns and the BOS ratio. CS is the combined investment strategy based on past returns, BOS ratio, and the fundamental scores FSCORE/GSCORE. (H-L) represents the returns from the long-short investment strategies using the extreme portfolio. For example, when the portfolios are formed based on past returns, BOS ratio, and the FSCORE, (H-L) represents the returns generated from the long-short investment strategy with long position in top winners-lowest BOS-highest FSCORE stocks and short position in top losers-highest BOS-lowest FSCORE stocks. We also report the information ratio which is defined as the active return divided by tracking error 
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 where active return (ri-rm) is the difference between the return on the different strategies and the return on the NYSE/AMEX/Nasdaq value-weighted return, and tracking error is the standard deviation of the active return. The returns from the long side (high minus middle) and from the short side (low minus middle) of the portfolio are also reported. The percentage of contribution to the returns of the extreme portfolios from the long side and short side are separately reported. 

	　
	Panel A: Value Stocks

	
	MOM
	BOS
	CS
	Corr(FSCORE,MOM)

	
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M

	
	　
	long side
	short side
	
	long side
	short side
	
	long side
	short side
	
	long side
	short side

	Excess Return 1m (%)
	0.6058
	0.4203
	-0.1855
	0.9114
	0.6520
	-0.2594
	1.7817
	1.4193
	-0.3624
	-0.29
	-0.30
	-0.14

	t-stat
	2.66
	2.78
	-1.75
	1.74
	2.63
	-2.23
	2.04
	2.77
	-2.61
	
	
	

	Information Ratio
	0.37
	0.51
	-0.24
	0.51
	0.54
	-0.34
	0.57
	0.49
	-0.33
	
	
	

	Excess Return 3m (%)
	0.5778
	0.4161
	-0.1617
	0.9964
	0.7510
	-0.2454
	3.3598
	2.3757
	-0.9840
	-0.31
	-0.21
	-0.18

	t-stat
	2.69
	2.78
	-1.54
	2.05
	3.04
	-1.74
	4.54
	4.22
	-2.41
	
	
	

	Information Ratio
	0.41
	0.39
	-0.29
	0.47
	0.46
	-0.36
	0.66
	0.47
	-0.42
	
	
	

	Excess Return 6m (%)
	0.4905
	0.2469
	-0.2436
	0.9856
	0.7631
	-0.2225
	2.9584
	2.2634
	-0.6949
	-0.34
	-0.19
	-0.20

	t-stat
	2.71
	2.84
	-1.81
	2.20
	2.76
	-2.41
	4.67
	2.71
	-2.62
	
	
	

	Information Ratio
	0.38
	0.34
	-0.19
	0.43
	0.39
	-0.34
	0.60
	0.63
	-0.42
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	　
	Panel B: Growth Stocks

	
	MOM
	BOS
	CS
	Corr(GSCORE,MOM)

	
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M
	H-L
	H-M
	L-M

	
	　
	long side
	short side
	
	long side
	short side
	
	long side
	short side
	
	long side
	short side

	Excess Return 1m (%)
	0.9103
	0.6063
	-0.3040
	0.8368
	0.7261
	-0.1107
	3.3055
	2.5300
	-0.7755
	-0.37
	-0.29
	-0.17

	t-stat
	2.81
	2.74
	-2.21
	1.73
	2.22
	-1.56
	2.53
	2.78
	-2.35
	
	
	

	Information Ratio
	0.39
	0.41
	-0.29
	0.44
	0.48
	-0.25
	0.67
	0.64
	-0.43
	
	
	

	Excess Return 3m (%)
	0.9776
	0.2015
	-0.7761
	1.0925
	0.9245
	-0.1680
	3.0293
	2.2556
	-0.7737
	-0.33
	-0.25
	-0.14

	t-stat
	2.98
	2.46
	-1.87
	2.44
	2.64
	-1.51
	2.94
	3.03
	-2.02
	
	
	

	Information Ratio
	0.43
	0.47
	-0.35
	0.48
	0.44
	-0.37
	0.63
	0.48
	-0.39
	
	
	

	Excess Return 6m (%)
	0.7656
	0.6189
	-0.1468
	0.9594
	0.7727
	-0.1867
	2.2031
	1.9107
	-0.4924
	-0.26
	-0.31
	-0.22

	t-stat
	2.41
	2.69
	-1.86
	2.36
	2.71
	-1.84
	2.51
	2.80
	-2.54
	
	
	

	Information Ratio
	0.31
	0.33
	-0.16
	0.41
	0.48
	-0.21
	0.58
	0.60
	-0.41
	
	
	


� Following Mohanram (2005), we require that there exist at least three other firms in the same industry defined by the two-digit SIC code in constructing the GSCORE. Moreover, for earnings stability σNI and sales growth stability σSG, if adequate quarterly information is not available, the information from the most recent fiscal year end is used.


� The book-to-market ratios are based on the market price at the portfolio construction date at the end of each month and the most recent fiscal year-end reported book value of equity.


� The fundamental scores are calculated based on the financial statements information in the previous fiscal year. For example, for a firm with fiscal year in June 1995, the FSCORE/GSCORE used in portfolio construction in May 1995 is based on information of the firm in the fiscal year ended in June 1994.


� Our dependent sorting might cause our empirical results specific to the sorting order employed. Independent sort cannot be applied in our sample due to the small number of securities in some of the intersection portfolios. We repeat our test with the reverse sorting order and the empirical results are qualitatively the same.
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