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Abstract
This paper examines the impact of informed trading on futures returns during the 2008-2009 financial crisis. To
precisely capture the informed trading in the highly volatile market during this period, we adopt the
Volume-Synchronized Probability of Informed Trading (VPIN) of Easley, Hvidkjaer and O’Hara (2012) as our
main measurement for informed trading. Besides, we also use a unique transaction dataset with investor identity
to classify investors into domestic and foreign institutional investors, which the foreign institutional investors are
supposed to be characterized by a higher degree of informed trading. Our empirical results show that the VPIN
of foreign institutional investors has indeed significantly positive impacts on futures returns at the individual
level. By contrast, the effect of the VPIN of domestic institutional investors on futures returns is only significant
on Wednesdays, which could be seen as a special kind of day-of-the-week effect.
Keywords: VPIN, day-of-the-week effect, GARCH, futures market, financial crisis
1. Introduction
In this study, we mainly investigate the influences of informed trading on the futures returns during the period of
the 2008-2009 financial crisis. During this unstable period, there were supposed to be more informed traders in
the market than in normal periods. Hence, we have two channels through which to capture such informed trading.
First, we adopt the Volume-Synchronized Probability of Informed Trading (VPIN) of Easley, Hvidkjaer and
O’Hara (2012) to measure such informed trading behavior. In addition, secondly, we also use the unique futures
tick-by-tick transaction data compiled by the Taiwan Futures Exchange (TAIFEX) that can help identify various
kinds of institutional investors into foreign institutional investors with superior information and domestic
institutional investors with inferior information. In addition, we also take the day-of-the-week effect into
consideration to observe the additional interactive influences of informed trading and the day-of-the-week effect
on the futures returns.
Our main goal is to understand the trading behavior of informed trading in a volatile market. Therefore, we
examine this issue from four points of view. First, we seek to determine if the informed trading measured by the
VPIN has a significant effect on futures returns overall. Secondly, we examine the day-of-the-week effect in the
Taiwan futures market. Thirdly, we go further to examine the various degrees of impacts of the VPIN for
different types of institutional investors (i.e., domestic versus foreign institutional investors) on futures returns.
Finally, we also investigate the interaction effect between the VPIN and day-of-the-week effect on the returns of
the futures market. Empirically, we find that the VPIN of foreign institutional investors has a significant positive
effect on futures returns. In comparison, the VPIN of domestic institutional investors had a positive effect on
futures returns that are only conditional on the day-of-the-week effect for Wednesday.
Overall, we contribute to the literature in three ways. First, this study may lead to a better understanding of the
effect of informed trading on futures markets, especially when using a good measure of the volatile market of the
VPIN. Secondly, as we use the unique tick-by-tick transactions data that can distinguish the types of investors
into domestic and foreign institutional investors, it would be helpful to more fully understand the role of
different investors in a market. Third, compared to the traditional weekend and day-of-the-week effects, this
study also has broad implications in the area of the day-of-the-week effect.
The remainder of this paper proceeds as follows. Section 2 discusses the previous literature and the development
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of our hypotheses. Section 3 describes the data used and methodology in the study. In Section 4, the empirical
results are discussed, and Section 5 presents the conclusions.
2. Theoretical Background and Hypothesis Development
2.1 The Influence of the Day-of-the-Week Effect on Financial Markets
The day-of-the-week effect of return patterns on financial markets is one of characteristic phenomenon in the
past studies. In other words, the returns on equity assets appear to be lower or higher on certain days compared
to other days of the week. The day-of-the-week effect was first observed by Fields (1931) who pointed out that
the U.S. stock market consistently experienced significant negative returns on Mondays and significant positive
returns on Friday. There are also some earlier empirical studies such as Cross (1973), French (1980) and Harris
(1986) that indicated that Monday had lower returns in the stock markets; that is, the returns were interrelated
with the day-of-the-week effect.
After executing the policy of two days off per week, some empirical studies point out the influence of the
day-of-the-week effect in the financial markets for Taiwan (Note 1). By using data for Taiwan stocks, Zhan and
Wang (2007) found that returns on Mondays are significantly negative. Moreover, returns on Mondays are not
evenly distributed within a month; instead, they are concentrated in the third and the fourth weeks of the month.
Lean et al. (2007) carried on the multinational study using daily stocks and concluded that the lowest mean
return was on Monday and the highest mean return on Friday (Note 2). Yan et al. (2016) adopted a unique dataset
for the Taiwan Stock Exchange to show that firms with high short selling activity have higher returns on
Mondays; short covering activity is relatively high, while Friday returns are more negative. Based on the above,
we propose our first hypothesis as:
Hypothesis 1: The day-of-the-week effect affects the futures returns, especially on Mondays, Wednesdays and
Fridays.
2.2 The Influence of the VPIN on Financial Markets
Regarding the estimation model of the informed trading, the most commonly used model in the literature is the
traditional probability of informed trading model (PIN) proposed by Easley et al. (1996). However, there are two
shortcomings in this model. First, it omitted the problem of trading non-synchronization, which may be unable to
capture the real effect in complex financial market, especially the high-frequency trading environment today.
Second, in order to fully add all kinds of effects to the original PIN model, the amount of parameters that need to
be estimated is also increased, which resulted in the difficulty of estimation. Hence, Easley et al. (2012)
proposed a newly updated model named Volume-Synchronized Probability of Informed Trading (VPIN), which
mainly overcome these two problems. The distinguishing features of this new model are shown as follows. At
first, they adjust the bias from the trading volume imbalance and non-synchronization in their original model
PIN, as well as more precisely capture the effects from short-term volatility. Besides, originally, for the
estimation of the traditional probability of informed trading model, they adopt the method of parametric model
estimation, such as maximum likelihood estimation. In the new model VPIN of Easley et al. (2012), they
changed to use non-parametric estimation method for the probability of informed trading (here is VPIN), which
is the expectation of the imbalance in the trading volume. At the same time, this new change also facilitates the
calculation process, and enables the results to be observed more directly, and thereby become more convincing.
Easley et al. (2012) strengthened the practicality of the probability of informed trading in a paper that was
written in 2010, and became the important guidelines for the following studies. They also provided evidence to
show that the VPIN was a good indicator in a high-frequency trading environment characterized by short-term
volatility. In addition, its calculation was based on the tick rule (TR), and was thus also referred to as TR-VPIN.
Easley et al. (2011a) used the VPIN to observe the flash crash event in the U.S. stock market that took place on
May 6, 2010. They found that, with the cumulative distribution of the VPIN reaching its highest point on the eve
of the crash, its effect became more obvious than the cumulative distribution of the VIX. Furthermore, Easley et
al. (2011b) illustrated the applicability of the VPIN, and based on its calculation method also introduced the idea
of a futures contract involving the VPIN metrics as the underlying FVPIN. A FVPIN index was also proposed to
help the securities market to reduce the bid-ask spread and price discovery mechanism. Besides, Chakrabarty,
Pascual and Shkilko (2015) also pointed out that the tick rule was more accurate in the market, which illustrated
that it was better to use the tick rule in the model of VPIN.
However, regarding the literature of the VPIN in futures markets is still not as well developed as for other
markets. Che et al. (2014) contended that there was a large quantity of information contained in futures contracts
and that the larger the proportion of informed traders, the higher the volatility of the price. Therefore, this paper
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aims to examine the impact of the VPIN on the futures market. Based on previous studies, we state our next
hypothesis as follows:
Hypothesis 2-1: Traders who have informed trading will impact on futures returns.
Due to the above-mentioned research for the influence of the VPIN on the returns in the financial market as well
as the impact of the day-of-the-week effect on the market returns, we combine these two effects to further
explore the influence of these two factors in formulating our next hypothesis:

Hypothesis 2-2: Informed traders have a positive effect on returns due to the day-of-the-week effect.
2.3 The Impact of Different Types of Investors on Financial Markets
By using daily returns on the NYSE portfolio and individual securities, Sias and Starks (1997) indicated that
trading from institutional investors contributes to serial correlation in daily returns. They also pointed out that
information reflected by institutional investors has the same speed of price adjustment. Some studies claim that
the returns on stock markets are correlated with domestic or foreign institutional investors. Bailey et al. (2009)
reported that orders from institutional investors placed on the Shanghai Stock Exchange strongly influence stock
prices and institutional investors favor stocks with large capitalizations. Similar evidence also exists in the
Taiwan stock market. For example, Lin and Chen (2006) examined the correlation between foreign institutional
investors and the Taiwan stock market, their results show that foreign institutional investors significantly impact
the returns of the Taiwan stock market and also implied that their behavior resulted in better returns. Lien at el.
(2013) indicated that the involvement of foreign institutional investors in the Taiwan stock market has grown
significantly. Besides, foreign institutional investors could continue to play a considerable role in the market’s
development in the future.
In addition to the results from stock markets, there were also studies from the futures market. Take Xu and Wan
(2015) for example, they proposed that the CSI 300 futures trading from institutional investors had more
significant price discovery effects on Chinese A-share market than individual investors, which implied trader
types indeed played an important role. Meanwhile, some studies have also investigated the relationships between
different traders and the returns on futures in the Taiwan futures market. Lai and Wang (2014) used trading data
on Taiwan stock index futures contracts obtained directly from the TAIFEX. They pointed out that foreign
investors have the ability to forecast futures returns.
Overall, we may expect that different types of investors have different impacts on the returns in financial markets,
which leads to our third hypothesis:
Hypothesis 3: The behavior of institutional investors including both domestic and foreign investors could affect
futures returns differently.
Combining the two effects from the day-of-the-week effect and different types of institutional investors, we
propose our fourth hypothesis as follows:
Hypothesis 4: The day-of-the-week effect for different types of institutional investors will have its respective
positive influences on futures returns.
3. Data and Methodology
3.1 Data Sources
The data used in this study are mainly sourced from the Taiwan Futures Exchange for the period from January 2,
2008 to March 18, 2009. The data type are tick-by-tick transaction data. The information in the trade book
includes the name of the futures contract, the expiration date of the futures contract, the trading price, trading
volume, trading direction, trading time, especially, and the identity of traders.
3.2 Methodology
3.2.1 Volume-Synchronized Probability of Informed Trading
To calculate the VPIN, Easley et al. (2012) divided the daily trading volume into multiple pieces N according to
the volume of buys and sells. With this integrated information, the VPIN can be computed. Regarding the
transaction volume  , the volume of buys is VB , the volume of sells is VS , and the total volume is V .
Obviously, V  VB  VS is based on the basic theoretical model of the PIN. The expectation for the unbalanced
trading volume of the VPIN is:
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Owing to the assumption regarding the initial point from the PIN, at the beginning of the trading day, the





probability for good and bad news will be equal is   0.5 and so E V B  V S   . Thus, the VPIN for the
day is:
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In view of the use of high frequency data sources for the Taiwan Futures Exchange, we choose the TR-VPIN
method to verify the VPIN.
3.2.1 The Influence on Futures Returns
We use the GARCH model to estimate the influence of futures returns and different identities of traders with the
probability of informed trading and trading volume being the main factors influencing the futures returns. The
main reason why we use the GARCH model to estimate the futures returns is based on volatility clustering,
which is the characteristic of financial time series. Transactions in futures options markets reflect the trader in
regard to trading assets and views regarding future trends in Taiwan’s financial markets. Such transaction data
will become the effective information for investors in the Taiwan stock index and Taiwan index futures. At the
same time, the date of the transaction itself is also effective public information. The diverse identities of the
investors and the way they treat this information should be different. Therefore, the models below seek to
examine the influence of probability-informed trading on the futures returns.
According to the papers mentioned above, we would like to investigate whether the day-of-the-week effect will
have an impact on futures returns, especially on Mondays, Wednesdays and Fridays, and to this end we come up
with Model 1 below:
Rt  0  1Rt 1  u2 PCRt 1  u3Vt 1  u4W 1  u5W 3  u6W 5   t

  0   
2
t

2
1 t 1

 

2
t 1

(3)
(4)

where the Rt are futures returns at time t. μ0 is a constant. PCR is the put call ratio at time t-1. Vt-1 is the volume
of futures at time t-1. The dummy variable W1 means Mondays, W 3 means Wednesdays and W 5 means
Fridays. This equation arises as a result of our Hypothesis 1, which is that the day-of-the-week effect affects
futures returns, especially on Mondays, Wednesdays and Fridays. Note that a statistically significant μ1 implies
the existence of price inefficiency. The GARCH model has two characteristic parameters, one being ut21 or the
ARCH term and the other  t21 being the GARCH term (Note 3).
In the equation for Model 2, we would like to find out whether the VPIN for all investors will impact futures
returns:
Rt  0  1Rt 1  u2VPIN 0t 1  u3VPIN 0t21  u4 PCRt 1  u5Vt 1   t

 t2  0  1 t21   t21

(5)
(6)

where VPIN 0t 1 is the probability of informed trading for all investors at time t-1. According to our Hypothesis
2-1, we expect the coefficient μ2 to be positive.
In the equation for Model 3, we would like to investigate whether the VPIN for all investors with the
day-of-the-week effect will have an influence on futures returns (Note 4):
Rt  0  1Rt 1  u2VPIN 0t 1  u3VPIN 0t21  u4 PCRt 1  u5Vt 1  u6W VPIN 0t 1   t

  0     
2
t

2
1 t 1

2
t 1

(7)
(8)

where W  VPIN 0t 1 represents a weekday with the probability of informed trading for all investors. According to
our Hypothesis 2-2, we expect the coefficient u6 to be positive, indicating the returns will be affected by
informed traders with the day-of-the-week effect.
In the equation for Model 4, we would like to determine the VPINs for domestic and foreign institutional
investors and their impact on futures returns:
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Rt  0  1Rt 1  u2VPIN1t 1  u3VPIN 2t 1  u4VPIN1t21  u5VPIN 2t21  u6 PCRt 1  u7Vt 1  t

(9)

(10)
  0     
where VPIN1t 1 ( VPIN 2t 1 ) is the probability of informed trading for domestic (foreign) investors at time t-1.
Following our Hypothesis 3, we expect the coefficients μ2 and μ3 are significant.
2
t

2
1 t 1

2
t 1

In the equation for model 4, we mainly want to examine the extent to which the VPINs of domestic and foreign
institutional investors with the day-of-the-week effect will affect the futures returns:
Rt  0  1Rt 1  u2VPIN1t 1  u3VPIN 2t 1  u4VPIN1t21  u5VPIN 2t21  u6 PCRt 1  u7Vt 1
u8W VPIN1t 1  u9W VPIN 2t 1   t

(11)

(12)
  0     
where W  VPIN 1 ( W  VPIN 2 ) represents a weekday with the probability of informed trading for domestic
(foreign) investors at time t-1. In line with our Hypothesis 4, we expect the coefficients μ8 and μ9 to be
significant statistically.
2
t

t 1

2
1 t 1

2
t 1

t 1

4. Empirical Results
Table 1 presents the descriptive statistics for futures returns (R), the put call ratio (PCR), the VPIN of all
investors (VPIN0), the VPIN of the domestic institutional investors (VPIN1), the VPIN of the foreign
institutional investors (VPIN2) and the volume of futures (V). The mean of R is -0.1346, VPIN0 is 0.0431,
VPIN1 is 0.6548 and VPIN2 is 0.3724 (Note 5). The standard deviation of R is 2.5535, VPIN0 is 0.0328, VPIN1
is 0.0923 and VPIN2 is 0.1427. All of the variable series are negatively skewed, except for VPIN0, whereas
most of the kurtosis statistics indicate that the series are distributed leptokurtically, except for VPIN2. The
Jarque-Bera test statistics are non-normally distributed. According to this descriptive statistics test, the
Jarque-Bera coefficient is significant at the 5% level; that is, these data are not normally distributed.
Table 1. Descriptive statistics of variables
Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera

R

PCR

VPIN 0

VPIN1

VPIN 2

V

-0.1346
0.0384
6.9906
-7.0000
2.5535
-0.0016
3.7230
6.4041**

0.4062
0.4109
0.5469
0.1835
0.0565
-0.5138
3.7806
20.3988***

0.0431
0.0375
0.5499
0.0192
0.0328
12.8010
196.4178
466307.30***

0.6548
0.6636
1.0000
0.2114
0.0923
-0.2868
4.6900
39.0182***

0.3724
0.3867
0.7650
0.0751
0.1427
-0.1438
2.3362
6.4110**

11.6512
11.6504
12.4643
8.2228
0.3759
-3.0056
27.2591
7651.8340***

Note. *, **, and *** denote significance at the 10%, 5% and 1% levels, respectively. R is futures returns; VPIN 0 is the VPIN of all investors;
VPIN1 is the VPIN of the domestic institutional investors; VPIN 2 is the VPIN of the foreign institutional investors; PCR is the put call ratio;
and V is volume.

Table 2 presents the results of the unit root test. We use two unit root tests, the augmented Dickey–Fuller (ADF)
test and the Phillips–Perron (PP) test. We find that both of the ADF and PP test are significant at the 1% level to
reject the null hypothesis of nonstationary series, which imply that all variables used in our study are stationary
series and do not need to concern the problem of spurious relationship.
Table 2. Unit root tests
Augmented Dickey-Fuller test

R
PCR
VPIN 0

VPIN1
VPIN 2
V

t-Statistic
-9.4922***
-8.9955***
-15.2065***
-8.8437***
-8.1289***
-5.0276***

Prob.
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0002

Phillips-Perron test

Lag Length
3
0
0
1
0
4

Adj. t-Stat
-17.9265***
-9.1911***
-15.3460***
-16.0884***
-8.1780***
-13.8656***

Prob.
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Bandwidth
13
6
6
10
2
10

Note. *, **, and *** denote significance at the 10%, 5% and 1% levels, respectively. R is futures returns; VPIN 0 is the VPIN of all investors;
VPIN1 is the VPIN of the domestic institutional investors; VPIN 2 is the VPIN of the foreign institutional investors; PCR is the put call ratio;
and V is volume.
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Table 3 presents the descriptive statistics for each weekday returns. We can find that only the means for
Wednesdays and Fridays are positive. The highest mean of futures returns is on Wednesdays (i.e., 0.2561), and
the lowest two ones are on Tuesdays (i.e., -0.4408) and on Thursdays (i.e., -0.7192). Based on these results for
higher futures returns on Wednesdays than other days, we can infer that there might be a special kind of
day-of-the-week effect in the Taiwan futures market. Thus, we would need to take these day-of-the-week effect
of futures returns into consideration.
Table 3. Descriptive statistics of weekday returns
WEEKDAY

Mean

Max

Min.

Std. Dev.

Monday
Tuesday
Wednesday
Thursday
Friday
All

-0.025195
-0.440800
0.256102
-0.719227
0.237414
-0.134646

6.987300
6.990600
5.111000
6.986500
6.990200
6.990600

-6.986400
-6.991400
-5.990400
-7.000000
-5.268800
-7.000000

2.787355
2.740656
1.889878
2.836604
2.404229
2.553471

Table 4 shows the results of the day-of-the-week effect using the GARCH(1,1) model (Note 6). In consideration
of the special effects of the day-of-the-week effect, we estimate the returns of the day-of-the-week effect for
Mondays, Wednesdays and Fridays using the GARCH(1,1) model (Note 7). We can find the coefficient for
Wednesdays is 0.9192 and is also significant at the 5% level. However, for Mondays and Fridays, both of their
coefficients are 0.4651 and 0.5549, but all of them are not significant. Overall, we can conclude that our
Hypothesis 1 is supported in that a day-of-the-week effect is found to exist on Wednesdays (Note 8).
Table 4. The impact of the day-of-the-week effect on returns
Model 1
Variable

Coefficient

Std. Error

t-Statistic

Prob.

Rt 1

-0.0394

0.0678

-0.5816

0.5608

0

-5.7055

5.1982

-1.0976

0.2724

PCRt 1

-0.7313

2.2879

-0.3196

0.7493

Vt 1

0.4814

0.4384

1.0982

0.2721

W1

0.4651
0.9192**
0.5549

0.3114
0.4204
0.3409

1.4936
2.1864
1.6279

0.1353
0.0288
0.1036

0

0.0809

0.0748

1.0819

0.2793

1

0.0825**

0.0349

2.3642

0.0181



0.9042***

24.0925

0.0000

Sum squared residual
Log likelihood
Durbin-Watson stat.
Akaike info criterion

1857.3310
-663.9121
1.9765
4.6001

W3
W5

0.0375
LB(4)
LB squared(4)
ARCH(4)
Joint test

1.1995
4.0627
4.1620
1.1359

Note. *, **, and *** denote significance at the 10%, 5% and 1% levels, respectively. R is futures returns; PCR is the put call ratio; V is
the volume of futures. W 1 is Monday; W 3 is Wednesday; W 5 is Friday; LB(n) and LB(n) squared are the Ljung-Box Q test of serial
correlation in the residuals for level and squared; ARCH(N) is the Lagrange Multiplier LM test for ARCH effects and is distributed as a  2
distribution with N degrees of freedom. The test results for the joint test are Engle and Ng’s (1993) test for the potential asymmetries in
conditional volatility. Model 2: Rt  0  1Rt 1  u2W1t 1  u3W 3t 1  u4W 5t 1  u5 PCRt 1  u6Vt 1  t and  t2  0  1 t21   t21 .

Finally, in order to take the impact of the VPIN of investors on futures returns into consideration, we use
Wednesdays as our multiplication factor to estimate the GARCH(1,1) model on Table (Note 9). For Model 2 as
shown in Table 5, the coefficient of Rt-1 is negative but not significant. The coefficient of VPIN 0t 1 is also not
significant, indicating that the futures returns are not influenced by the VPIN for all investors. According to our
Hypothesis 2-2, this result evidently is not in accordance with our expectations. Besides, for Model 3, the
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coefficient of VPIN 0t 1 is -20.5303 and is not significant, indicating that the futures returns are not influenced
by the VPIN for all investors. However, the coefficient of W 3VPIN 0t 1 is 13.8527 and is positive significantly
at the 5% level, implying that the VPIN for all investors on Wednesday affects the futures returns positively.
This reconfirms our Hypothesis 2-2 that informed traders on Wednesday have a positive effect on futures returns.
Table 5. The impact of the VPIN for all investors and the institutional investors on returns; with the impact of a
day-of-the-week effect on returns
Model 2
Rt 1

Model 3

Model 4

Model 5

-0.0690

(0.0611)

-0.0593

(0.0633)

-0.0648

(0.0611)

-0.0580

(0.0626)

-1.5108

(5.8143)

0.6781

(5.8630)

-2.4860

(6.8956)

-2.0243

(6.8066)

-12.5364

(13.7101)

-20.5303

(14.6107)

VPIN1t 1

1.8417

(11.1953)

0.3546

(10.6391)

VPIN 2t 1

7.2557**

(4.0492)

10.8144**

(4.5137)

VPIN1t21

-3.0132

(8.9694)

-2.2006

(8.5457)

VPIN 22t 1

-9.6854**

(5.3243)

-13.6239**

(5.5643)

-0.1808
0.1273

(2.8805)
(0.5770)

-0.2832
0.0723

(2.8625)
(0.5766)

2.4425**
-2.3743

(1.1389)
(1.8008)

0

VPIN 0t 1

VPIN 02t 1

PCRt 1
Vt 1

10.4796

-0.9404
0.2033

(21.6872)

(2.7753)
(0.4687)

W 3VPIN 0t 1

22.8175

-1.3400
0.0458
13.8527**

(23.0931)

(2.7590)
(0.4744)
(5.7556)

W 3VPIN1t 1
W 3VPIN 2t 1

0
1

Log likelihood
Durbin-Watson
stat.
AIC
LB(4)
LB squared(4)
ARCH(4)
Joint test

0.0764

(0.0850)

0.0811

(0.0859)

0.0661

(0.0770)

0.0638

(0.0724)

0.0761**

(0.0307)

0.0804**

(0.0322)

0.0797**

(0.0321)

0.0876***

(0.0331)

0.9116***

(0.0388)

0.9066***

(0.0400)

0.9098***

(0.0391)

0.9027***

(0.0386)

-667.3083

-665.4171

-665.5898

-662.3960

1.9674

1.9627

2.0030

1.9859

4.6164
1.4739
5.0996
5.4282
2.6668

4.6104
1.0413
4.2284
4.4093
1.5499

4.6184
1.0798
5.2855
5.4732
3.2556

4.6102
1.0352
4.5174
4.4761
1.9181

Note. R is futures returns; VPIN 0 is the VPIN for all investors; VPIN1 is the VPIN of the domestic institutional investors; VPIN 2 is
the VPIN of foreign institutional investors; PCR is the put call ratio; V is the volume of futures; W 3  VPIN 0t 1 is Wednesday
multiplied by the VPIN for all investors; W 3  VPIN1t 1 is Wednesday multiplied by the VPIN of the domestic institutional investors;

W 3  VPIN 2t 1 is Wednesday multiplied by the VPIN of all foreign institutional investors;  0 is a constant;  and  are empirical
1
parameters; LB(n) and LB(n) squared are the Ljung-Box Q test of serial correlation for level and squared; and ARCH(N) is the Lagrange
Multiplier LM test for the ARCH effects that is distributed as a  2 distribution with N degrees of freedom. The test results for the joint test
are Engle and Ng’s (1993) test for the potential asymmetries in conditional volatility. *, **, and *** denote significance at the 10%, 5% and
1% levels, respectively.

After obtaining the above results and considering the specificity of our data, we go further to distinguish the
traders into domestic and foreign institutional investors in Model 4, and then add the multiplication factor for
Wednesday in Model 5. At first, in Model 4, we can find that the coefficient of VPIN1t 1 is 1.8417 but it is not
significant, indicating that the futures returns are not influenced by the VPIN of the domestic institutional
investors. Besides, the coefficient of VPIN 2t 1 is 7.2557 and is significant at the 5% level, indicating that the
VPIN of the foreign institutional investors significantly affects the futures returns. Overall, these results support
our Hypothesis 3, which illustrate the forecasting ability for futures returns of foreign investors and is also
consistent with Lai and Wang (2014).
Finally, in Model 5, we can find that the coefficient of VPIN1t 1 is 0.3546 but is not significant, again indicating
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that the futures returns are not influenced by the VPIN of the domestic institutional investors. However, the
coefficient of VPIN 2t 1 is 10.8144 and is significant at the 5% level, implying that the VPIN of the foreign
institutional investors affects the futures returns. The coefficient of the interaction term W 3VPIN1t 1 is 2.4425
and is significant at the 5% level; the coefficient of W 3 VPIN 2t 1 is -2.3743 and is not significant. Based on
these results, we can infer that the VPIN of the domestic institutional investors on Wednesdays indeed
significantly affects the futures returns. In addition, we also compare these four models based on several
criterions (i.e., from Model 2 to Model 5), including the sum of squared residuals, log likelihood, the
Durbin-Watson statistic, and the Akaike information criterion (AIC). Overall, we can find that Model 5 should
be the best model. Hence, if we choose Model 5 as our main inference, we can conclude that the
day-of-the-week effect for different types of institutional investors indeed have its respective influences on
futures returns, which is also in support of our Hypothesis 4.
5. Conclusion
The main purpose of this paper is to discuss the influence of the probability of informed trading on Taiwan
futures over the period from January 2, 2008 to March 18, 2009 using unique data from the Taiwan futures
exchange. Due to the special feature of the day-of-the-week effect in financial markets, we also observe the
VPIN for different types of trading investors with a weekday effect that impacts on futures returns. The empirical
results show that the probability of informed trading for individual traders and institutional investors, which do
not significantly impact the futures returns. Moreover, as we go further to divided the institutional investors into
foreign and domestic investors, we find that the probability of informed trading from the foreign institutional
investors has significant impacts on the futures returns, but no impacts from domestic investors. Besides,
regarding the results for the day-of-the-week effect, we can find that the effect of the VPIN of domestic
institutional investors on futures returns is only significant on Wednesdays, which indeed could be seen as a
special kind of day-of-the-week effect. These empirical results are also consistent with the findings in literature.
In conclusion, we fill the gap in the literature and contribute to the field of research about the probability of
informed trading, especially providing the new findings regarding the impacts of investors’ identities and
day-of-the-week effect on futures markets. That is, we find that the probability of the informed trading from
foreign institutional traders influence Taiwan futures returns. Besides, the probability of the informed trading
from domestic institutional traders has a significant impact on futures returns only on Wednesdays.
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Notes
Note 1. Taiwan began to implement the policy of two days off per week on January 1, 2001 and also changed the
trading day.
Note 2. They examined the following indexes, including Hang Seng Index of Hong Kong, Jakarta Composite
Index of Indonesia, Kuala Lumpur Composite Index of Malaysia, Nikkei Index of Japan, Straits Times Index of
Singapore, Taiwan Stock Exchange Index of Taiwan, and SET Index of Thailand.
Note 3. α1 and β, empirical parameters determined by maximum likelihood estimation, are non-negative scalars
such that the default constraint is 1    1 . In addition, it should be noted that 1    1 is required for
stationarity. The more that the sum of the two coefficients, 1   , approaches unity, the greater the persistence
of shocks to the variance.
Note 4. According to our empirical results, we find that Wednesday is highly related to the returns on futures.
Note 5. The range between the maximum and minimum of the returns is from 6.9906 to -7.0000, which
represents the 7% limit on returns in the Taiwan futures market.
Note 6. In diagnostic checks, LB(4) and LB squared(4) are not significant, implying that there is no serial
correlation in the residuals for both level and squared values. Besides, the ARCH(4) effect is not significant,
indicating that the residual does not exhibit time-varying heteroscedasticity. We conduct a joint test for potential
asymmetries in conditional volatility but our results show that it is not significant. Based on these results, we
choose to adopt the GARCH (1,1) model as our main detection model.
Note 7. According to previous research, Mondays, Wednesdays and Fridays influence returns in the financial
market. Our results for the descriptive statistics also indicate that Mondays have the lowest mean for the returns
and Wednesdays have the highest mean for the returns in as shown in Table 3.
Note 8. Our results are consistent with the finding of Yan, Cheng, Zhao and Huang (2016). They examine the
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relationship between the daily short covering activity and the weekend effect of Taiwan Stock Exchange, and
they also find that Wednesday's returns are the highest and Friday's returns are higher than Monday's returns.
Note 9. The volume of futures transactions in Model 2 to Model 5 can be explained by both the lagged squared
innovations and the lagged volume given significant values of α1 and β1 at the 5% level. The summary statistics
for Model 2 to Model 5 are provided in Table 5. The table shows clear evidence of normality due to there not
being significant ARCH(4) effects. A joint test for potential asymmetry in conditional volatility is conducted, but
our results show that it is not significant and suggest that there is symmetry from Model 2 to Model 5.
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