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Table 1 
Summary Statistics 

 
The sample contains 2,226 stocks.  Included in the sample are all common stocks with information in the CRSP 
database that traded on the NYSE or AMEX between 1993 and 1998 and that had at least 1,000 days with trading. 
Panel A presents descriptive statistics by size groups. For each firm, AvgCapi is the average daily market 
capitalization (number of shares outstanding multiplied by the daily closing price). AvgTrdi is the average number 
of shares traded daily. AvgTurni is the average daily turnover (number of shares traded divided by the number of 
shares outstanding), and AvgPrci is the average price of a firm’s stock over the sample period. BAsprdi is the 
average daily opening percentage spread (opening bid-ask spread divided by the opening midquote) over the sample 
period from the TAQ database. Panel B presents descriptive statistics for the volume series used in the time-series 
regressions. We define the daily volume series of a stock as the detrended, log-transformed daily turnover series. We 
report the averages for the entire sample and for three size groups of the mean, standard deviation, and selected 
autocorrelation coefficients of the volume series of the individual stocks. 
 
Panel A: Characteristics of the Entire Sample and Three Size-Based Subsamples 
 

   AvgCap 
(in million $) 

AvgTrd 
(in 100s) 

AvgTurn 
(in %) 

AvgPrc 
(in $) 

BAsprd 
(in %) 

Entire Sample  Mean  2,587.55 1,997 0.321 25.59 2.19 
  Median 473.52 672 0.258 22.40 1.38 
  Std. Dev 8,019.00 3,844 0.255 20.49 2.33 
  Minimum 3.61 2 0.007 0.39 0.25 
  Maximum 147,817.21 52,735 2.837 330.45 19.51 
  Observations 2226 2226 2226 2225 2225 
Size Group:    Mean  85.97 288 0.270 10.84 4.11 
Small  Median 75.96 164 0.212 8.90 3.12 
  Std. Dev 58.18 408 0.213 7.79 2.99 
  Observations 742 742 742 742 741 
Size Group:  Mean  525.98 918 0.338 23.93 1.62 
Medium  Median 473.52 601 0.273 22.91 1.35 
  Std. Dev 237.23 994 0.263 11.24 1.13 
  Observations 742 742 742 742 742 
Size Group:  Mean  7,150.69 4,786 0.355 42.01 0.84 
Large  Median 3,111.11 2,863 0.291 37.20 0.75 
  Std. Dev 12,714.35 5,597 0.277 24.17 0.48 
  Observations 742 742 742 741 742 

 
 
 
Panel B: Descriptive Statistics of the Volume (Detrended Log Turnover) Series 
 

 Mean Standard 
Deviation 

First 
Autocorrelation 

Fifth 
Autocorrelation 

Tenth 
Autocorrelation 

# of stocks 

Entire Sample 0.028 1.068 0.370 0.193 0.143 2226
Size group: Low 0.013 1.537 0.313 0.182 0.138 742
Size group: Medium 0.038 1.000 0.366 0.196 0.148 742
Size group: High 0.034 0.668 0.430 0.200 0.144 742

 



 43

Table 2 
Bid-Ask Spread and the Influence of Volume on the Autocorrelation of Returns 

 
This table shows the relation between information asymmetry and the influence of volume on the autocorrelation of 
stock returns.  We use the average daily opening percentage spread of a stock over the sample period (BAsprdi) as a 
proxy for information asymmetry. For each stock we measure the influence of volume on the autocorrelation of 
stock returns by the parameter C2i from the following regression:  

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where Volumei,t  is the daily detrended log turnover of an individual stock and Returni,t is the daily return of an 
individual stock in the CRSP database.  In Panel A, we report the mean value of each parameter for three groups 
(Low, Medium, and High) of the information asymmetry proxy (BAsprd). We also note the number of negative 
parameters and the number of statistically significant (at the 10% level) parameters.   
In Panel B, we provide an analogous analysis using the following cross-sectional regression: 

C2i = a + b*ORDBAi + ERRORi 
where ORDBA is a variable representing the ordinal scale of BAsprd. T-statistics appear in parentheses.  
 
Panel A: Categorical Analysis 
 C0 C1 C2 tC0 tC1 tC2 R2 (%) BAsprd 
 #<0 #<0 #<0 |#|>1.64 |#|>1.64 |#|>1.64  (in %) 

Low 0.000770 0.013323 -0.002814 1.698 0.336 -0.096 0.564 0.719 
n=742 30 328 378 409 337 240   
         
Medium 0.000722 0.010931 0.003168 1.239 0.188 0.232 0.921 1.417 
n=742 74 326 357 250 431 257   
         
High 0.000740 -0.120346 0.035495 0.709 -4.003 2.066 2.754 4.428 
n=742 167 609 141 135 548 438   
 
 
Panel B: Regression Analysis 
Dependent  variable a b R2(%) Observations 
C2 -0.015921 

(-7.863) 
0.055716 
(15.891) 

10.197 2,226 
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Table 3 
Market Capitalization and the Influence of Volume on the Autocorrelation of Returns 

 
This table shows the relation between information asymmetry and the influence of volume on the autocorrelation of 
stock returns.  We use the average market capitalization of a firm over the sample period (AvgCapi) as a proxy for 
information asymmetry.  For each stock we measure the influence of volume on the autocorrelation of stock returns 
by the parameter C2i from the following regression:  

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where Volumei,t  is the daily detrended log turnover of an individual stock and Returni,t is the daily return of an 
individual stock in the CRSP database. In Panel A, we report the mean value of each parameter for three groups 
(Low, Medium, and High) of the information asymmetry proxy (AvgCap). We also note the number of negative 
parameters and the number of statistically significant (at the 10% level) parameters.  In Panel B, we provide an 
analogous analysis using the following cross-sectional regression: 

C2i  = a + b*ORDCAPi + ERRORi 
where ORDCAP is a variable representing the ordinal scale of AvgCap. T-statistics appear in parentheses.  
 
Panel A: Categorical Analysis 
 C0 C1 C2 tC0 tC1 tC2 R2 (%) AvgCap 
 #<0 #<0 #<0 |#|>1.64 |#|>1.64 |#|>1.64  (in million $) 

Low 0.000784 -0.104234 0.030277 0.843 -3.538 1.848 2.729 85.97 
n=742 139 557 167 157 550 429   
         
Medium 0.000672 0.005492 0.004852 1.178 0.028 0.289 0.996 525.98 
n=742 95 348 355 258 433 284   
         
High 0.000776 0.002650 0.000719 1.625 0.032 0.065 0.514 7150.69 
n=742 37 358 354 379 333 222   
 
 
Panel B: Regression Analysis 
Dependent variable a b R2(%) Observations 
C2 0.034081 

(16.488) 
-0.044242 
(-12.362) 

6.430 2,226 
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Table 4 
Alternative Econometric Specifications: Autoregressive Structure 

 
For each stock, we measure the influence of volume on the autocorrelation of stock returns by the parameter C2i 
from the following regression:  

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where Volumei,t  is the daily detrended log turnover of an individual stock and Returni,t is the daily return of an 
individual stock in the CRSP database. For each stock, we test for white noise against the alternative of an 
autoregressive error structure of orders one through five using the Breusch-Godfrey test. We use a 5% significance 
level to reject the white noise hypothesis. In Panel A, we identify the most appropriate autoregressive structure using 
Algorithm A as follows: If the test is significant for any order p<5 but not for higher orders, we test again with the 
null of AR(p) against an autoregressive structure of orders higher than p, but only up to order five. After identifying 
the appropriate order, we estimate the above relation using maximum likelihood with the suitable autoregressive 
structure. In Panel B, we identify the autoregressive structure using Algorithm B, which uses only the white noise 
test against an AR structure for each individual stock. Both panels report the results of the cross-sectional 
regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. T-
statistics appear in parentheses. 
  

 

Panel A: Autoregressive Structure Identified Using Algorithm A 
C2i = a + b*ORDBAi + ERRORi 

a b R2(%) Observations 
-0.015298 

(-7.048) 
0.060185 
(16.014) 

10.339 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.038386 
(17.303) 

-0.047135 
(-12.271) 

6.341 2,226 

 
 
Panel B: Autoregressive Structure Identified Using Algorithm B 
C2i = a + b*ORDBAi + ERRORi 

a B R2(%) Observations 
-0.015485 

(-7.154) 
0.060403 
(16.118) 

10.459 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.038443 
(17.376) 

-0.047403 
(-12.374) 

6.442 2,226 
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Table 5 
Alternative Econometric Specifications: Sensitivity to Common Factor  

 
In Panel A, we measure the influence of volume on the return autocorrelation of each stock by the parameter C2i 
from the following time-series regression:  

Returni,t+1 = C0i + C1i*Returni,t + C2i*Volumei,t*Returni,t + C3*MktRett+1 + errori,t+1 

MktRett+1 is the return on a value-weighted portfolio comprised of all common stocks that traded on the NYSE or 
AMEX that have valid return and volume information in the CRSP database for that day.  The incorporation of 
MktRett+1 in the time-series regressions is intended to reduce potential correlation of the errors across stocks that 
arises from sensitivity to common factors. In Panel B, we estimate the market model for each stock using the 
methodology outlined in Scholes and Williams (1977) to account for nonsynchronous trading. The residuals from 
the market model (SWreti,t+1) are then used instead of returns in the time-series regressions, eliminating the common 
factor altogether: 

SWreti,t+1 = C0i + C1i*SWreti,t + C2i*Volumei,t*SWreti,t + errori,t+1 

In both panels, we report the results of the cross-sectional regressions: 
C2i = a + b*ORDBAi + ERRORi 

  C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. T-
statistics appear in parentheses. 
 
Panel A: Using Market Return in Time-Series Regressions 
C2i = a + b*ORDBAi + ERRORi 

a b R2(%) Observations 
-0.005528 

(-2.795) 
0.043256 
(12.631) 

6.693 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.031677 
(15.745) 

-0.031121 
(-8.934) 

3.465 2,226 

 
 
Panel B: Using Scholes-Williams Residuals to Control for Common Factor 
C2i = a + b*ORDBAi + ERRORi 

A b R2(%) Observations 
0.004273 

(2.22) 
0.035297 

(10.58) 
4.790 2226 

 
C2i = a + b*ORDCAPi + ERRORi 

A b R2(%) Observations 
0.033704 

(17.25) 
-0.023539 

(-6.96) 
2.130 2226 
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Table 6 
Alternative Econometric Specifications: Least Trimmed Squares 

 
For each stock, we measure the influence of volume on the autocorrelation of stock returns by the parameter C2i 
from the following regression:  

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where Volumei,t  is the daily detrended log turnover of an individual stock and Returni,t is the daily return of an 
individual stock in the CRSP database. We estimate this relation in two stages. In the first stage, we use a least 
trimmed squares (LTS) estimator to identify outliers (by minimizing the sum of the h smallest squared residuals, 
where h=2/3 of the observations for each stock). In the second stage, we use a weighted least squares (WLS) 
estimation in which we make the weights on the outliers identified in the first stage equal to zero. The C2i 

parameters for the cross-sectional estimation are taken from the WLS estimation. In Panel A, we report the results of 
the OLS cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. In 
Panel B, we apply the two-stage LTS estimation to the cross-sectional, rather than the time-series, regressions. We 
take the C2i coefficients from the OLS time series regressions that were presented in Tables 2 and 3, but we use LTS 
to estimate the relations with the information asymmetry proxies. We present the results of the second-stage WLS 
estimation. T-statistics appear in parentheses. 
  

 

Panel A: Two-Stage Least Trimmed Squares Applied to Time-Series Regressions 
C2i = a + b*ORDBAi + ERRORi 

a b R2(%) Observations 
-0.011487 

(-5.483) 
0.049199 
(13.562) 

7.638 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.032918 
(15.487) 

-0.039572 
(-10.752) 

4.942 2,226 

 
 
Panel B: Two-Stage Least Trimmed Squares Applied to Cross-Sectional Regressions 
C2i = a + b*ORDBAi + ERRORi 

a B R2(%) Observations 
-0.019349 

(-10.40) 
0.060732 

(19.00) 
14.328 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.034651 

(18.57) 
-0.046424 

(-14.25) 
8.586 2,226 
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 Table 7 
Robustness to Data Problems: Bid-Ask Bounce and Time Variation of Last Trade  

 
The influence of volume on the autocorrelation of stock returns is measured by the parameter C2i from the following 
time-series regression: 

Returni,t+1 = C0i + C1i*Returni,t + C2i*Volumei,t*Returni,t + errori,t+1 

In Panel A, we calculate Returni, from end-of-day mid-quotes. In Panel B, we use returns constructed from 10:00am 
mid-quotes. Both panels report the results of the cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. To 
eliminate the effects of outliers, the cross-sectional regressions are estimated using the two-stage least trimmed 
squares procedure described in Section 4.1. 
For Panel C, we run the time-series regressions with an interaction term between return and the number of trades, 
which serves as a proxy for the freshness of the closing price: 

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + C3i*NTi,t*Returni,t + errori,t+1 

where NTi,t is the number of trades of stock i on day t, and the definition of return used is from CRSP. We then 
report the results of the OLS cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

  C2i = a + b*ORDCAPi + ERRORi 
T-statistics appear in parentheses. 
 
 
Panel A: Using End-of-Day Mid-quotes Returns  
C2i = a + b*ORDBAi + ERRORi 

A b R2(%) Observations 
-0.011522 

(-6.00) 
0.030290 

(9.23) 
4.086 2226 

 
C2i = a + b*ORDCAPi + ERRORi 

A b R2(%) Observations 
0.016266 

(8.69) 
-0.025829 

(-7.82) 
2.964 2226 

 
 
Panel B: Using 10:00am Mid-quotes Returns  
C2i = a + b*ORDBAi + ERRORi 

A b R2(%) Observations 
0.014066 

(7.44) 
0.024287 

(7.56) 
2.819 2226 

 
C2i = a + b*ORDCAPi + ERRORi 

A b R2(%) Observations 
0.034132 

(18.77) 
-0.015881 

(-4.91) 
1.208 2226 
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Panel C: Using Number of Trades to Control for Freshness of Closing Price 
C2i = a + b*ORDBAi + ERRORi 

A b R2(%) Observations 
-0.061201 

(-18.17) 
0.062426 

(10.70) 
4.900 2226 

 
C2i = a + b*ORDCAPi + ERRORi 

A b R2(%) Observations 
-0.004547 

(-1.34) 
-0.050832 

(-8.64) 
3.249 2226 

 
 



 50

Table 8 
Alternative Lengths of Time Intervals 

 
Panel A replaces the daily interval for measuring return and volume with an alternative interval that allows for 
roughly the same level of noise trading across stocks. We use the median daily turnover (MedTurn) of a stock as a 
measure of the normal level of trading. We group all stocks into three categories (High, Medium and Low) 
according to their MedTurn. We use a daily interval for stocks in the High group, a two-day interval for stocks in the 
Medium group, and a five-day interval for stocks in the Low group (so that the average turnover across groups is 
equal). We calculate the return and turnover series for a stock in the medium and low groups by compounding daily 
returns and linearly adding turnover for the days in each interval. For each stock, we measure the influence of 
volume on the autocorrelation of stock returns by the parameter C2i from the following regression:  

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where Volumei,t  is the detrended log turnover of an individual stock and Returni,t is the return of an individual stock. 
We report the results of the OLS cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. In 
Panel B, we test the robustness of our results to a longer estimation period. We estimate the time series regressions 
for the stocks in our sample using 10 years of data (1989–1998). We present the results of the cross-sectional 
regressions using the same information asymmetry proxies as in Panel A. T-statistics appear in parentheses. 
 

Panel A: Using an Alternative to the Daily Interval for Measuring Return and Volume 
C2i = a + b*ORDBAi + ERRORi 

a B R2(%) Observations 
-0.015534 

(-6.286) 
0.038606 

(9.023) 
3.531 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.016285 

(6.521) 
-0.025003 

(-5.782) 
1.481 2,226 

 
 
Panel B: Using Ten Years of Data (1989-1998) 
C2i = a + b*ORDBAi + ERRORi 

a B R2(%) Observations 
-0.014592 

(-8.118) 
0.057887 
(18.599) 

13.461 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.037995 
(20.609) 

-0.047240 
(-14.799) 

8.965 2,226 
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Table 9 
Alternative Definitions of Volume 

 
In Panel A, the influence of volume on the autocorrelation of stock returns is measured by the parameter C2i from 
the following time-series regression: 

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

where turnover (the daily number of shares traded divided by the number of shares outstanding) serves as the 
alternative definition of volume.   
In Panel B, the influence of volume on the autocorrelation of stock returns is measured by the parameter C2i from 
the following time-series regression: 

Returni,t+1 = C0i +C1i* Returnt + C2i* (Volumei,t)
2 *Returni,t + errori,t+1 

where log(1+daily number of shares traded) serves as the alternative definition of volume.   
Using the results of the time-series regressions, both panels report the results of the cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi 
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap, respectively. T-
statistics appear in parentheses. 
 
Panel A: Volume is Measured as Turnover 
C2i = a + b*ORDBAi + ERRORi 

a b R2(%) Observations 
-3.322436 

(-3.869) 
10.685070 

(7.186) 
2.269 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
6.408573 

(7.434) 
-8.768206 

(-5.875) 
1.528 2,226 

 
 
Panel B: Volume is Measured as log(1+Shares Traded) 
C2i = a + b*ORDBAi + ERRORi 

a B R2(%) Observations 
-0.001029 
(-11.917) 

0.003526 
(23.579) 

19.999 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.002335 
(26.454) 

-0.003199 
(-20.934) 

16.461 2,226 
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Table 10 
Analyst Following as an Information Asymmetry Proxy  

 
The influence of volume on the autocorrelation of stock returns is measured by the parameter C2i from the following 
time-series regression: 

Returni,t+1 = C0i + C1i*Returnt + C2i*Volumei,t*Returni,t + errori,t+1 

To construct the proxy for analyst following, we look for the monthly number of analysts who provide I/B/E/S with 
an end-of-fiscal-year earnings forecast for the current year. NUMESTi is the average monthly number of analysts 
over the sample period (six years). We use this variable as a proxy for information asymmetry (the more analysts, 
the less information asymmetry). We use a reduced sample of 2035 firms for which we found information 
concerning analyst following in the I/B/E/S database. We report the results of the cross-sectional regressions:  

C2i = a + b*NUMESTi + ERRORi 

C2i = a + b*ORDESTi + ERRORi 

ORDESTi is a variable representing the ordinal scale of NUMESTi, where two firms that have the same number of 
analysts receive the same rank. T-statistics appear in parentheses. 
 
 
C2i = a + b*NUMESTi + ERRORi 

a b R2(%) Observations 
0.016435 

(9.789) 
-0.000760 

(-5.362) 
1.395 2,035 

 
C2i = a + b*ORDESTi + ERRORi 

a b R2(%) Observations 
0.022239 
(10.970) 

-0.026790 
(-7.383) 

2.611 2,035 
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Table 11 
Firm-Specific Information Asymmetry and return-volume relation 

 
This table contains an empirical test of the hypothesis that firm-specific information asymmetry is a driving force 
behind the dynamic relation between returns and volume.  For each stock, we measure the influence of volume on 
the autocorrelation of stock returns by the parameter C2i from the following regression:  

ResReturni,t+1 = C0i  + C1i*ResReturni,t + C2i*ResVolumei,t*ResReturni,t + errori,t+1 

ResReturni,t is the daily abnormal return of an individual stock. We define abnormal return as the residual of a 
market model in which the market return is constructed using a value-weighted portfolio comprised of all common 
stocks that traded on the NYSE or AMEX with valid return and volume information in the CRSP database for that 
day.  ResVolumei,t is the residual volume of an individual stock. It is defined in a fashion analogous to abnormal 
return as the residual of a market model in which market volume is the daily detrended log turnover of the value-
weighted portfolio. The table presents the results of the cross-sectional regressions: 

C2i = a + b*ORDBAi + ERRORi 

C2i = a + b*ORDCAPi + ERRORi  
where ORDBA and ORDCAP are variables representing the ordinal scales of BAsprd and AvgCap. 
T-statistics appear in parentheses. 
 
 
C2i = a + b*ORDBAi + ERRORi 

a b R2(%) Observations 
0.000740 

(0.374) 
0.038645 
(11.277) 

5.409 2,226 

 
C2i = a + b*ORDCAPi + ERRORi 

a b R2(%) Observations 
0.033270 
(16.559) 

-0.026386 
(-7.585) 

2.522 2,226 

 
  
 


