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Direct empirical evidence on the relationship between the asset pricing model
parameters and infrequent trading in emerging markets seems sparse at best. This
thesis provides empirical evidence on the potential impact of infrequent trading on the
estimated asset pricing model parameters in Thailand. As a comparison sample,
Singaporean data arg also employed. Three main empirical results are found in this
thesis. First, there is a pattern indicaﬂng that the alphas without adjusting for
infrequent trading (unadjusted alphas) may be upwardly biased and the betas without
adjusting for infrequent trading {unadjusted betas) may be downwardly biased in both
the Thai and Singaporean markets. Second, although the differences between the
unadjusted alphas and betas and the adjusted alphas and betas are statistically
insignificant, the differences between the unadjusted alphas and the adjusted alphas
are economically significant. Third, the serial correlation problem in portfolio retuns
is alleviated after adjusting for infrequent trading. Hence, it seems worthwhile to
adjust for the impact of infrequent trading on the asset pricing model parameters in

both Thailand and Singapore.
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CHAPTER |

INTRODUCTION

1.1 Background and Problem Review

Unbiased estimation of the asset pricing model parameters, namely the alpha
and the beta, remains an important issue in both academic literature and practice. This
is because these estimated parameters can be used in many applications such as
evauating portfolio performance, measuring abnormal return in event studies and
estimating the cost of capital. In emerging markets, however, the estimating of the
unbiased parameters may be problematic because of infrequent trading which
typically characterizes these markets (e.g. Antoniou et al., 1997).

Defined as the covariance of stock return and the market return divided by the
variance of the market return, the beta is in practice estimated by running the stock
return against the market return on an ordinary least squares (OLS) regression. One of
underlying assumptions of asset pricing models such as the CAPM is the synchronous
trading assumption. A stock is traded synchronously with the market portfolio. Extant
evidence shows that there is a non-synchronous trading problem or infrequent trading
problem in several stock markets (Bartholdy and Riding, 1994; Clare et a., 2002). In
practice, therefare, the synchronous trading assumption may not always hold.

Stocks in the market are not necessarily traded at the close of each interval
though they are traded in every interval. It is caled non-synchronous trading or
infrequent trading (Miller et a., 1994). For example, all stocks in the market may not
be traded exactly at the same time when new information comes to the market. Some
frequently traded stocks in the market portfolio are traded instantly reflecting new
information while other infrequently traded stocks are not traded instantly to reflect

new information. Therefore, the price of infrequently traded stock does not move
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synchronously with the price of frequently traded stock. When we use this
infrequently traded stock return in the CAPM to regress against the market portfolio
return, the slope coefficient of this regression, the beta or the systematic risk, is
downwardly biased because the stock return does not move along with the market
return. The effect of this is to underestimate the covariance between the stock return
and the market portfolio return while the alpha or the abnormal return is upwardly
biased (Scholes and Williams, 1977; Dimson, 1979).

Extant evidence shows that trading frequency is highly correlated with firm
size. Dimson (1979) and Clare et a. (2002) found that small firms are traded less
frequently than big firms. Fama and French (1993) found that stocks in the small-size
and high book-to-market equity portfolio on average earn significant abnormal returns.
To the extent that such small firms receive only little attention from the market, the
evidence of mispricing documented in Fama and French (1993) may possibly be
fundamentally attributable to the problem of infrequent trading or thin trading.

There is extensive literature on asset pricing models regarding the market risk
factor or beta and other risk factors, namely size and book-to-market equity, in both
the US market and non-US markets (see e.g. Fama and French, 1993, 1996; Strong
and Xu, 1997; Dimson et a., 2003). Thus far, however, direct empirical evidence on
the effect of infrequent trading on the asset pricing model parameters in an emerging
market is amost non-existent or sparse at best. Due to the high potential rates of
return, investments in emerging markets have been increasingly attractive (see e.g.
Antoniou et a., 1997). Emerging markets also offer the opportunity to diversify
internationally (see e.g. Divecha et a., 1992; Bekaert and Urias, 1996). Hence,
unbiased estimation of the asset pricing model parameters is of great importance to

both domestic and foreign investors of emerging markets. In addition, using a k-factor
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asset pricing model without taking into account of infrequent trading can lead to a
biased result. Therefore, this thesis attempts to bridge this gap and provide a step to
further research in Southeast Asian emerging markets.

Infrequent trading is a typical characteristic of emerging markets (e.g.
Antoniou et a., 1997). In Thailand, this problem is explicitly recognized by the
authority (see Appendix A and B). Accordingly, the Thai data presents itself as a
testing ground for investigating the impact of infrequent trading on the asset pricing
model parameters in an emerging market. Singaporean firms are aso used in this
thesis to provide a comparison sample because Singapore is in the same regional
market, but more developed. Accordingly, it is expected to have a less severe
infrequent trading problem than an emerging market like the Thai market (see
Appendix C).

This thesis investigates the potential impact of infrequent trading on the asset
pricing model parameters by comparing the estimated parameters with and without
the adjustment for infrequent trading. The infrequent trading adjustment adopted in
this thesis follows the procedure described in Miller et al. (1994) as it is the most
recently accepted method which is used to adjust for the infrequent trading impact on
portfolio returns. However, this method imposes the trading frequency across stocks
in the portfolio. Specifically, this method assumes that all stocks in the portfolio have
the same trading frequency as the portfolio. Inpractice, this assumption may not hold
and may cause unnecessary noise in the analysis. For empirical purposes, | therefore
apply this method at the individual-stock-level instead of the portfolio-level as was
described in Miller et a. (1994). In addition, the secondary reason for employing the
Miller et al. (1994) method for the Thai market comes from the results documented by

Bartholdy and Riding (1994) and Arnat Leemakdg (1998). Specifically, in the New
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Zealand market, Bartholdy and Riding (1994) found that OLS estimates are closer to
those based on synchronous data than those estimated from the Scholes and Williams
(1977) and Dimson (1979) methods. In Thailand, Arnat Leemakdgj (1998) found that
the Dimson (1979) method yields lower systematic risk than the traditional method in
the event study. Therefore, Arnat Leemakdegj (1998) argued that the Dimson (1979)

method may not be suitable to solve an infrequent trading problem in Thailand.

1.2 Statement of Problem/ Resear ch Question

Given the discussion in section 1.1, the problem to be investigated in this
thesisis

What is the impact of infrequent trading on the asset pricing model parameters

in an emerging market?

1.3 Objective of the Study
In the light of the problem stated above, the objective of this thesis is to
empirically investigate how infrequent trading affects the parameters of the CAPM

and the Fama and French (1993) three-factor model in Thailand and Singapore.

1.4 Scope of the Study

In this thesis; | investigate the impact of infrequent trading on the estimated
parameters of the CAPM and the Fama and French (1993) three-factor model because
these two models are extensively used as benchmarks by both scholarly researchers
and practitioners. The samples of this thesis consist of al firms listed on the Stock
Exchange of Thailand (SET) and on the Stock exchange of Singapore (SES) during

1993 and 2005.



1.5 Contributions

In contrast to the US and the UK, direct empirica evidence on the potential
impact of infrequent trading on the estimated asset pricing model parameters in
emerging markets seems sparse at best. Accordingly, this thesis contributes to the
extant literature by providing direct evidence on such impact in an emerging market

in relation to a comparable developed market.



CHAPTERII

LITERATURE REVIEW

This chapter is divided into four sections. Section 2.1 discusses the asset
pricing model parameters and infrequent trading. Existing evidence on impacts of
infrequent trading and evidence from emerging markets is presented in section 2.2
and section 2.3, respectively. The main points of this chapter are summarized in the

|ast section.

2.1 Asset pricing model parameters and infrequent trading

This thesis attempts to investigate how infrequent trading affects the estimated
parameters of the CAPM and the Fama and French (1993) three-factor model. These
two asset pricing models are employed to test in this thesis because they are
extensively used as benchmarksin both contemporary financial literature and practice.
The parameters estimated from these models, namely the alpha and the beta, can be
used in many applications in both devel oped and emerging markets such as evaluating
portfolio performance, measuring abnormal return in event studies and estimating the
cost of capital (see e.g. Ca et al., 1997; Arnat Leemakdej, 1998; Lyon et a., 1999;
Cesari and Panetta, 2002; Bauer et a., 2006). However, directly applying the CAPM
and the Fama and French (1993) three-factor model to estimate these parameters in
emerging markets may be affected by infrequent trading and yield the biased
parameters. The potentia effects of infrequent trading on returns are a risk
measurement error of individual stocks, mistaking for predictability that spuriously
arises from seria correlation in portfolio returns which in turn leads to a false
rejection of the market efficiency hypothesis. In emerging markets, for example,

Arnat Leemakdg (1998) estimated abnormal returns of takeover targets in the SET by
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using the CAPM. Given the potential impacts of infrequent trading on the estimated
parameters, the results from Arnat Leemakdeg (1998) study which neglected the
infrequent trading problem may be biased.

Extant evidence shows that there is the problem of infrequent trading in
several stock markets. Bartholdy and Riding (1994) showed the extent of infrequent
trading in the New Zealand Stock Exchange. Clare et a. (2002) also provided the
evidence on the extent of non-trading in the London Stock Exchange (LSE). In
addition, Clare et al. found that trading frequency is highly correlated with firm size.
Specificaly, small firms are traded less frequently than big firms because most small
firms are normally neglected by investors. This result is consistent with the finding
documented by Dimson (1979). Fama and French (1993) found that stocks in the
small-size and high book-to-market equity portfolio on average earn significant
abnormal returns. To the extent that such small firms receive only little attention from
the market, the evidence of mispricing documented in Fama and French (1993) may
possibly be fundamentally attributable to the problem of infrequent trading or thin

trading.

2.2 Existing evidence on impacts of infrequent trading

A number of studies have investigated impacts of “infrequent trading and
discussed its consequences. One impact of infrequent trading on returns on individua
stocks is the biased risk measurement stated above. A number of different methods
have been suggested to correct this bias. Scholes and Williams (1977) found that a
beta of the infrequently traded stock regressed from the Ordinary Least Squares
(OLS) method is downwardly biased while an apha is upwardly biased. This is

because estimated variance overstates true variance while estimated covariance
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understates in absolute magnitude true covariance. Moreover, reported returns appear
seridly correlated relative to actua returns. Scholes and Williams, therefore,
constructed the consistent beta that equals to sum of betas estimated by regressing
stock returns against the market returns from the previous, current and subsequent
periods divided by one plus twice the estimated autocorrelation coefficient for the
market index. Dimson (1979) also found that the simple regression on the market
model generates a downwardly biased beta and an upwardly biased alpha for the
infrequently traded stock. Dimson proposed the aggregated coefficients (AC) method
to estimate beta for the stock which suffers from infrequent trading by running the
multiple regression of stock returns against lagged, matching and leading market
returns. Then, betais derived by sum of the slope coefficients from this regression.

Clare et al. (2002) estimated the systematic risk or beta by using the methods
proposed by Scholes and Williams (1977) and Dimson (1979) to adjust for the impact
of non-trading in the LSE. Clare et a. found that the estimated betas of the portfolio
of large stocks are close across each estimation procedure within a particular period.
In contrast, the estimated betas of the portfolio of small stocks are highly dependent
on the choice of estimation procedure. Specificaly, the beta of the portfolio of small
stocks from the OLS method is significantly less than those from the Scholes and
Williams (1977) and Dimson (1979) methods. These results suggest that the beta of
the portfolio of small stocks estimated from the OLS method is downwardly biased
due to the impact of infrequent trading.

Dimson and Marsh (1983) avoid downward bias in risk measuresin the UK by
using the trade-to-trade (TT) method. This method uses stock returns between
adjacent trades to regress on the market returns measured over the same period and

then betais estimated from the slope coefficient of this regression.
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For returns on portfolios or indices, they are also affected by impact of
infrequent trading that induces the problem of seria correlation into these returns. For
example, the serial correlation problem in the index portfolio is created by the fact
that not all stocks in the index portfolio are traded in every interval, thus a market
movement in one interval may not reflect the true prices of some infrequently traded
stocks in the index portfolio until they are eventually traded and their prices get
updated. This lagged adjustment of prices of infrequently traded stocks to new market
information induces positive serial correlation in the index portfolio. Severa methods
have been suggested to reduce this problem. Miller et al. (1994) showed that positive
first-order autocorrelation in returns on the index portfolio is due to the effect of
infrequent trading, and argued that an MA(q) model can be used to adjust such effect
on the index portfolio returns. Specifically, this model implies that the observed index
change follows an MA(q) process which all stocks are traded at least once every g
intervals. However, this means that the observed index change process depends on g
different parameters which make it unwieldy. Hence, Miller et al. derived a smpler
method to estimate the observed index change process by assuming that some stocks
may not be traded for several consecutive intervals, though the likelihood of that
event declines geometrically with the order of the lag. The result showed that the
observed index change follows an AR(1) process. Accordingly, Miller et a. used an
AR(1) mode to adjust for the effect of infrequent trading on returns on the index
portfolio and found that positive first-order autocorrelation in the index portfolio
returns significantly decreases after adjusting for infrequent trading. That is, this
method can aleviate the infrequent trading effect on the returns on the index
portfolio. Jokivuolle (1995) found that the daily returns of the Russell 2000 index

exhibit significant first-order serial correlation. As a consequence, the true index
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value is not directly observed. To cope with this problem, Jokivuolle suggested an
infinite-order MA model, which can be estimated as an ARMA(p,q) mode, to
measure the unobservable true index value, uncovered by the Beveridge-Nelson
decomposition, in the presence of infrequent trading. Specificaly, since the
innovations of both the true and observed index return process are perfectly correlated
in this study, Jokivuolle showed that the Beveridge-Nelson permanent component of
the log of the observed index process equals the log of the true index. In other words,
the unobservable true index can be indirectly observed from the history of the

observed index.

2.3 Existing evidence from emer ging mar kets

There seem to be fewer comprehensive studies applying infrequent trading
with the asset pricing model parameters in emerging markets. Antoniou et al. (1997)
tested the efficiency of an emerging market, Istanbul Stock Exchange. To take into
account of infrequent trading, Antoniou et al. employed the approach proposed by
Miller et al. (1994) in their empirical analysis. The results from Antoniou et a. (1997)
study suggested that serial correlation of adjusted returns for infrequent trading
decreases, but still remains, from serial correlation of unadjusted returns. Therefore,
Antoniou et a. argued that the effects of infrequent trading are more complex than is
captured by this ssmple model. For the New Zealand market, Bartholdy and Riding
(1994) employed the methods proposed by Scholes and Williams (1977) and Dimson
(1979) to adjust for the infrequent trading effect on systematic risk estimations.
Bartholdy and Riding found that neither of them provided incremental benefits over
standard OL S estimation. For most stocks, OLS estimates are closer to those based on

synchronous data.
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For the Pakistan market, Igbal and Brooks (2006) investigated the likely
impact of these different betas on asset pricing models, namely the CAPM and the
Fama and French (1993) three-factor model and used the Dimson (1979) and trade-to-
trade methods to correct the downwardly bias in the OLS beta. Igbal and Brooks
found that although the Dimson (1979) and trade-to-trade methods appear to correct
infrequent trading bias, their effects on asset pricing tests are not visible. In Thailand,
Chareonsak Methanugrah (1997) estimated beta of Tha stocks by using the Scholes
and Williams (1977) and Dimson (1979) approaches. The results showed that on
average, beta from the market model can explain the variation in stock returns better
than beta from the Scholes and Williams (1977) and Dimson (1979) approaches
judged by R% That is, R*from the market mode! is higher than R? from the Scholes
and Williams (1977) and Dimson (1979) approaches. Arnat Leemakdej (1998) argued
that the takeover targets in the SET are infrequently traded stocks because they are
small firms which are normally neglected by investors. Therefore, measuring
abnormal returns of these firms by means of traditional event study is biased. To take
into account of this problem, like Jokivuolle (1995), Arnat Leemakde applied the
Beveridge-Nelson decomposition method to derive the unobserved true index.
Besides, the Dimson (1979) method is also used to measure systematic risk of these
infrequently traded stocks. The Tresults showed that the Beveridge-Nelson
decomposition and Dimson (1979) methods yield lower systematic risk than the
traditional method. Thus, Arnat Leemakde suggested that both methods may not be

suitable to solve infrequent trading problem in Thailand.
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2.4 Summary
This chapter critically discusses the potential impact of infrequent trading on
the asset pricing model parameters. That is, the apha or mispricing evidence is
upwardly biased while the beta or systematic risk is downwardly biased. In addition,
infrequent trading also induces the seria correlation problem into portfolio returns.
Existing evidence on the impact of infrequent trading from both developed and
emerging markets along with several methods to correct for the bias from such impact

on the asset pricing model parameters are discussed.



CHAPTER 111

DATA AND METHODOLOGY

3.1 Data
The samples of this thesis consist of al firms listed on the Stock Exchange of
Thailand (SET) and on the Stock exchange of Singapore (SES) during July 1993 and
December 2005. The source of data is DataStream which provides the monthly total
return index, the monthly market index, the monthly market value of equity, the
yearly book value of equity, the saving deposit rate for Thai data and the three-month
T-bill rate for Singaporean data.
3.1.1 The monthly total return index (RI)
The monthly total return index (RI) is used to calculate the return of
stock i for month t (R asfollows:
Rit = (Rlit — Rliz1)* 100/Rljr
where, RI;; is the total return index of stock i for month t and Rlj:.; is the total return
index of stock i for month t-1.
3.1.2 The monthly market index (M1)
The monthly market index (M1) is used to calculate the market return
for month t (R;) asfollows:
Rt = (Ml; — Ml.1)* 100/M 1
where, Ml; is the market index for month t and Ml;i.1 is the market index for month

t-1.
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3.1.3 The monthly market value of equity (M)

The monthly market value of equity (M) is the share price multiplied
by the number of ordinary stocks in issue. The monthly market value of equity for
year t, measured at the end of June, is used as the size breakpoints. The size
breakpoints are used to allocate stocks to the size and book-to-market equity (size-BM)
portfolios which are formed by following the Fama and French (1993) mechanism.
The portfolio formation is discussed in the methodol ogy section.

3.1.4 Theyearly book value of equity (B)

The yearly book value of equity (B) is the book value of common
shareholders' equity, minus the common treasury stock value and the accumulated
unpaid preferred dividends. The yearly book value of eguity is used to calculate the
book-to-market equity (BM) for year t as the book value of equity at the end of year
t-1 divided by the market value of equity at the end of year t-1. The book-to-market
equity is used as the BM breakpoints for allocating stocks to the size-BM portfolios.

3.1.5Therisk freerate (Ry)

Given the availability of data during the sample periods in this thesis,
the saving deposit rate is used as the risk free rate for Tha data, while the three-month
T-bill rate is used as the risk freerate for Singaporean data. Ry represents the risk free

rate for month t.
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3.2 Theoretical Hypothesis
Based on the findings in previous studies in the US and the UK - Scholes and
Williams (1977), Dimson (1979), and Miller et al. (1994) - the theoretical hypothesis
is that infrequent trading causes a downward bias in the estimated parameters
representing risk measurement, the beta in the CAPM and the factor loadings in the

Fama and French (1993) three-factor model.

3.3 Methodology
3.3.1 Portfolio formation

Unlike previous studies, this thesis investigates the relationship
between asset pricing model parameters and infrequent trading by using portfolio
returns instead of stock returns to regress on the market returns. To obtain portfolio
returns, | initially form portfolios from July 1993 to December 2005. The formation
mechanism closely followed Fama and French (1993) taking into account the
distribution of size and BM attributes of firms listed in Thailand and Singapore.* | use
the nine size-BM portfolios, instead of the six size-BM portfolios of Fama and French
(1993), in order to ensure that big and small firms and high-BM and low-BM firms
are obvioudly allocated. In addition, | use the sixteen size-BM portfolios, instead of
the twenty five size-BM portfolios of Fama and French (1993), to ensure that every
portfolio from these sixteen portfolios has enough number of firms for calculating the

average return of the portfolio (see Appendix D).

! 1n applying an asset pricing model or risk factors developed in one market to another,
it is essential that adjustments are made to reflect the distribution of the fundamental
characterigtics of firmsin the market under examination (see e.g. Dimson et a., 2003).
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3.3.1.1 Theninesize-BM portfolios
The nine size-BM portfolios are formed based on independent
sorts on firm size (market value of equity (M)) and on book-to-market equity (BM).
Only firms with non-negative book value of equity (B) are included. The market, size
and book-to-market equity factors used as independent variables in the regressions are
calculated from these portfolios as follows. At the end of June each year t, | form
three-size groups based on end-of-June market value of equity and breakpoints at the
35" and 65™ percentiles of ranked market value of equity, which resulted in three
groups - small, moderate, and big size. | form book-to-market equity (BM) groups
based on book-to-market equity of the fiscal year ending in year t-1. Breakpoints are
set at the 40™ and 60" percentiles, which resulted in three groups - low, medium, and
high BM.
For the nine portfolios (S/L, S/IM, S/H, M/L, M/M, M/H, BIL,
B/M, B/H) resulting from the intersection of these independent sorts, | calculate
value-weighted monthly returns during a 12-month period from July of year t to June
of year t+1. These are the portfolios that allowed me to cal culate the Fama and French
(1993) SMB (small minus big) and HML (high minus low) factors, where SMB is the
simple average of returns on the three small portfolios (S/L, /M and S/H) minus the
simple average of returns on the three big portfolios (B/L, B/M and B/H) and HML is
the simple average of returns on the three high-BM portfolios (S/H, M/H and B/H)
minus the simple average of returns on the three low-BM portfolios (S/L, M/L and
B/L).
3.3.1.2 The sixteen size-BM portfolios
The sixteen size-BM portfolios are formed much like the nine

size-BM portfolios, except the breakpoints for size and BM. | use the breakpoints to
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allocate stocks to four size quartiles and four BM quartiles. 1 construct the sixteen
portfolios from the intersections of the size and BM quartiles and calculate value-
weighted monthly returns on the portfolios from July of year t to June of year t+1.

The value-weighted return on portfolio p for month t (Ry) is calculated as follows:
Ru= 3 (Ri* M-/ (Mic-1)
i=1 i=1

where R;; is the stock return on portfolio p for month t, Mj; is the market value of
equity of stock i for month t-1, and n is the number of stocks in portfolio p for month
t. The excess returns on these sixteen portfolios are used as dependent variables in the
regressions.
3.3.2 Asset pricing models

To investigate the impact of infrequent trading on the asset pricing
model parameters, | initially estimate the parameters, namely the alpha and the beta
from the unadjusted capital asset pricing model (CAPM) and the alpha, the beta, the
size coefficient and the BM coefficient from the unadjusted Fama and French (1993)
three-factor model by running ordinary least squares (OLS) regressions on these two

models.

e Theunadjusted capital asset pricing model (CAPM)

Rpt — th = Op + bp(Rmt - th) + Ept (1)

e The unadjusted Fama and French (1993) three-factor model

Rpt —Rux= Op + bp(Rmt — th) + SpSM B: + thM L + Ept (2)

where Ry is the value-weighted return on portfolio p for month t, Ry is the risk free
rate for month t, Rny is the market return for month t, Ry-Ry: iS the excess return on

portfolio p for month t, Rn-Ry is the market excess return for month t, SMB; is the
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difference in returns between small and big portfolios for month t, HML; is the
difference in returns between high-BM and low-BM portfolios for month t, a,is the
unadjusted alpha of portfolio p, b, is the unadjusted beta of portfolio p, s, is the
unadjusted coefficient of the size factor (unadjusted size coefficient) of portfolio p,
and h, is the unadjusted coefficient of the BM factor (unadjusted BM coefficient) of
portfolio p.

3.3.3 Infrequent trading adjustment
As regards early discussion, the implicit assumption of the CAPM and
the Fama and French (1993) three-factor model is synchronous trading. If this
assumption does not hold due to infrequent trading impact, the estimated parameters
from equation (1) and (2) may be biased. In order to take into account of the
infrequent trading problem in my empirical analysis, | apply an AR(1) model whichis

the methodology proposed by Miller et al. (1994) to adjust stock returns® as follows:
Rit = a + ®Rit.1 + €t )

Using the residuals from the regression, the adjusted returns are estimated as follows:

R =8, /(1-&,) (4)

where R is the return on stock i for month t and R is the return on stock i for
month t adjusted for infrequent trading.

The adjusted stock returns (Ri®¥) are employed to form portfolios by
the same process as the sixteen size-BM portfolios. These portfolios are used to
calculate the value-weighted monthly return (Ry™). In addition, the adjusted stock

returns are also employed to form portfolios and calculate value-weighted monthly

% See the theoretical foundation of this methodology in Appendix A of Miller et al.
(1994)
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returns by the same process as the nine size-BM portfolios. These portfolios are used
to calculate SMB™ and HML{™ factors, where SMB® is the simple average of
adjusted returns on the three small-size portfolios (S/L, M and S/H) minus the
simple average of adjusted returns on the three big-size portfolios (B/L, B/M and
B/H) and HML® is the simple average of adjusted returns on the three high-BM
portfolios (S'H, M/H and B/H) minus the simple average of adjusted returns on the
three low-BM portfolios (S/L, M/L and B/L).

For the market return, | directly employ the Miller et a. (1994) method
to adjust the impact of infrequent trading at the portfolio-level and obtain the market
return adjusted for infrequent trading (R™).

Then | substitute R,™ and Ry,™ into the unadjusted CAPM, and Ry™,
R, SMB® and HML into the unadjusted Fama and French (1993) three-factor
model (equation (1) and (2), respectively). Accordingly, the adjusted CAPM and the

adjusted Fama and French (1993) three-factor model are obtained as follows:

e Theadjusted capital asset pricing model (CAPM)

Rptadj R = oqoaaIj + bpadj(Rmtadj —Rp) + ept ®)

e The adjusted Fama and French (1993) three-factor model

Ro™ Rt = 0™ + 0, (R™—Re) + §ISMB™ + hy™HML M+, (6)

where Rptadj is the vaue-weighted return on portfolio p for month t adjusted for
infrequent trading, Ry is the risk free rate for month t, Ry is the market return for
month t adjusted for infrequent trading, SMB is the difference in adjusted returns
between small and big portfolios for month t, HML® is the difference in adjusted
returns between high-BM and low-BM portfolios for month t, o, is the alpha of

portfolio p adjusted for infrequent trading (adjusted alpha), b, is the beta of
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portfolio p adjusted for infrequent trading (adjusted beta), s,p""dj is the size coefficient
of portfolio p adjusted for infrequent trading (adjusted size coefficient), and h,;,adj isthe
BM coefficient of portfolio p adjusted for infrequent trading (adjusted BM
coefficient).

3.3.4 Impactsof infrequent trading
Asset pricing model parameters estimated from the unadjusted models,
equation (1) and (2), are compared with those from the adjusted models, equation (5)
and (6), to empirically investigate how Infrequent trading affects the parameters of the
unadjusted CAPM and the unadjusted Fama and French (1993) three-factor model in
Thailand and Singapore.
3.34.1 Thealpha
To measure the impact of infrequent trading on the apha (the
alphais upwardly biased), the hypothesis testing of equation (1) and (5) is given as
follows:
Ho: ¢, isequal to0

Hi: @, isnot equal to 0

where, ¢, is the apha from the adjusted CAPM (adjusted apha), and the

hypothesis testing of equation (2) and (6) is given as follows:

Ho: ¢ isequal to0

p

Hi &, isnot equal to 0

where, ¢.* isthe alphafrom the adjusted three-factor model (adjusted alpha).

p
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3.3.4.2 The beta, the size coefficient and the BM coefficient
To measure the impact of infrequent trading on the beta (the
beta is downwardly biased), the hypothesis testing of equation (1) and (5) is given as

follows:
Ho: b,™ isgreater than b,
Hy b, isnot equal to Bp

where, b, is the beta from the unadjusted CAPM (unadjusted beta) and b,* is the

beta from the adjusted CAPM (adjusted beta), and the hypothesis testing of equation

(2) and (6) isgiven asfollows:
Ho: b,* isgrester than b,

Hy b, isnot equal to b,

where, Bp is the beta from the unadjusted three-factor model (unadjusted beta) and

b, isthe betafrom the adjusted three-factor model (adjusted beta).

Unlike the alpha and the beta which are expected to be
upwardly and downwardly biased respectively due to the impact of infrequent trading,
the unadjusted size and BM coefficients of equation (2) may be either upwardly or
downwardly biased relative to the adjusted size and BM coefficients of equation (6)
due to such impact. In other words, | do not expect that all size and BM coefficients
either monotonically increase or decrease after adjusting for infrequent trading.
Instead, the size and BM coefficients should be synchronously change in any
direction that yield less biased alpha and beta after adjusting for infrequent trading.
That is, the adjusted alphais equal to zero and the adjusted beta is greater than the

unadjusted beta.
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3.3.4.3 Serial correlation

Considering the findings of Miller et a. (1994), | aso test the
null hypothesis that is the seria correlation problem in portfolio returns induced by
infrequent trading seems to be alleviated after adjusting this problem by the Miller et
a. (1994) method. In this thesis, | adopt the correlogram Q-statistic approach to test
the seria correlation in both unadjusted and adjusted portfolio returns used in
equation (1), (2), (5) and (6). This approach provides the autocorrelation coefficients
(AC) of portfolio returns and p-values based on Q-stétistics. If the p-value is greater
than 0.05, this null hypothesis cannot be rejected. In other words, the serial correlation
problem in portfolio returns does not exist after adjusting for infrequent trading. The
autocorrelation coefficients (AC) of portfolio returns and p-values regressed from the
unadjusted portfolio returns are compared with those from the adjusted portfolio
returns. If a number of portfolios having the seria correlation problem reduce after
adjusting for infrequent trading, this result will confirm that the Miller et a. (1994)
method can aleviate the seria correlation problem in portfolio returns in both the

Thai and Singaporean markets.

3.3.5 Differences between the unadjusted and adjusted parameters

To test the null hypothesis that isthe unadjusted parameters regressed
from the unadjusted CAPM and the unadjusted Fama and French (1993) three-factor
model are statistically different from the adjusted parameters regressed from the
adjusted CAPM and the adjusted Fama and French (1993) three-factor model, |

introduce the dummy variablesin equation (1) and (2) asfollows:

e The capital asset pricing model (CAPM) with the dummy variable

Rpt— Rt = opt 0(2pr"' blp(Rmt — Ri)+ b2p(Rmt - th)Dp + Ept (7)
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e The adjusted Fama and French (1993) three-factor model with the dummy
variable
Rot— Rt = a1pt a2pDpt+ Dip(Rme— Ret)+ b2p(Rme— Ret)Dp + S1pSM By

where, Rp-Ry is the excess return on portfolio p for month t, Rn-Ry is the market
excess return for month t, SMB; is the difference in returns between small and big
portfolios for month t, HML; is the difference in returns between high-BM and low-
BM portfolios for month t, and D, is 1 for the adjusted return on portfolio p for month
t, or O for the unadjusted return on portfolio p for month t.

Taking into account of the serial correlation problem in portfolio
returns, | use the Newey-West (1987) method to obtain standard errors of OLS
estimators that are corrected for autocorrelation and heteroscedasticity. The
coefficients of equation (7) and (8) are estimated by running the OLS regressions. For
each portfolio, the differences between unadjusted and adjusted alphas, betas, size
coefficients and BM coefficients are estimated as follows:

3.3.5.1 Thedifference of alphas

The unadjusted alpha is tested significantly different from the

adjusted apha by t-statistic of a,, which is the coefficient of Dy, or apha-difference

coefficient, where D, is 1 for the adjusted return on portfolio p for month t or D, is O
for the unadjusted return on portfolio p for month t.
3.3.5.2 Thedifference of betas

The unadjusted beta is tested significantly different from the
adjusted beta by t-statistic of sz which is the coefficient of (Rm — Ri)Dp Or beta-

difference coefficient, where Ry — Ryt is the market excess return for month t, and D,
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is 1 for the adjusted return on portfolio p for month t, or Dy is O for the unadjusted
return on portfolio p for month t.

3.3.5.3 Thedifference of size coefficients
The unadjusted size coefficient is tested significantly different

from the adjusted size coefficient by t-statistic of §,, which is the coefficient of

SMB:D,, or size-difference coefficient, where SMB; is the difference in returns

between small and big portfolios for month t, and D, is 1 for the adjusted return on

portfolio p for month t, or Dy is O for the unadjusted return on portfolio p for month t.
3.3.5.4 Thedifference of BM coefficients

The unadjusted BM coefficient is tested significantly different
from the adjusted BM coefficient by t-statistic of ﬁzp which is the coefficient of

HML:D, or BM-difference coefficient, where HML; is the difference in returns
between high-BM and low-BM portfolios for month t, and D, is 1 for the adjusted
return on portfolio p for month t, or Dy, is O for the unadjusted return on portfolio p for

month t.



CHAPTER IV

RESULTS

The main objective of this thesis is to investigate the impacts of infrequent
trading on the asset pricing model parameters of the CAPM and the Fama and French
(1993) three-factor model in the Thai and Singaporean markets. This chapter is
divided into three key findings consisting of Descriptive statistics for the nine and
sixteen portfolios, The serial correlation problem in portfolio returns and Impacts of
infrequent trading on the asset pricing model parameters of the Thai market. In
addition, empirical results of the Singaporean market are presented to provide a

comparison sample in the last section of this chapter.

4.1 Descriptive statisticsfor the nine and sixteen portfolios of the Thai market
Table 1A presents descriptive statistics for the nine portfolios formed on firm
size (market value of equity or M) and book-to-market equity (BM) of the Thai
market. These nine portfolios are used to form portfolios meant to mimic the
underlying risk factors in returns related to firm size (SMB;) and book-to-market
equity (HML,). The results show that big firms represent 88.71% of the total market
capitalization of the entire market while small firms represent only 2.36%>. Hence, it
is clear that big firms are obviously distinguished from small firms. The average BM
of thelow-BM firms is 0.48 while the average BM of the high-BM firmsis 2.52. Thus,

low-BM firms are a so apparently distinguished from high-BM firms,

% The distribution of aggregate market value across portfolios is relatively similar to
the distribution in the US and UK. Specifically, big firms in the US represent 90.66% of the
total market capitalization of the entire market while small firms represent only 8.74% (Fama
and French, 1993), and big firms in the UK represent 94.28% of the total market
capitalization while small firms represent only 5.28% (Dimson et a., 2003).
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For average number of firms, 64 firms in the small and high BM portfolio
represent only 0.69% of the total market capitalization whereas 63 firms in the big
and low-BM portfolio represent about 43.33%. This result confirms that firms in each
portfolio substantially differ in both size and BM dimensions.

As expected, the average return without adjusting for the infrequent trading
(unadjusted return) of the small and high-BM portfolio is highest at 2.57% per month
while the average unadjusted return of the big and low-BTM portfolio is quite low, at
0.57% per month. On average, the average unadjusted returns of the small portfolios
are higher than those of the big portfolios while the average unadjusted returns on the
high-BM portfolios are higher than those of the low-BM portfolios.

Table 2A shows descriptive statistics for the sixteen portfolios formed on firm
size and BM. The excess returns on these sixteen portfolios are used as a dependent
variable in the time-series regressions. The results of this table are consistent with
those of table 1A. Big firms represent 83.94% of the total market capitalization of the
entire market while small firms represent only 1.29%. The average BM of the low-
BM firms is 0.35 while the average BM of the high-BM firms is 3.26. For average
number of firms, 35 firms in the small and high-BM (14) portfolio represent only
0.28% of the total market capitalization whereas 34 firms in the big and low-BM (41)
portfolio represent about 33.69%. The bottom of table 2A aso indicates the negative
relation between firm- size and average unadjusted return, but the positive relation
between BM and average unadjusted return.

Table 3A summarizes the autocorrelation coefficients (AC) for the first 12
lags of unadjusted portfolio returns for Thai firms. There are 12 portfolios that have
the serial correlation problem in portfolio returns (significant at 5%) while the market

portfolio returns are not serialy correlated. The small portfolios seem to have more
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severe problem than the big portfolios. These results imply that if we directly use the
unadjusted returns to estimate the parameters, namely the alpha and the beta, their
statistic values, such as standard errors, may be biased and wrongly lead to the
acceptance or rejection of the significance of these estimated parameters hypothesis.

Table 4A summarizes the autocorrelation coefficients (AC) for the first 12
lags of adjusted portfolio returns for Thai firms. Compared with table 3A, a number of
portfolios having the serial correlation problem decrease from 12 to 7. Especially for
portfolio 24 and 34 of which returns of the entire 12 lags are serially correlated before
adjusting for infrequent trading, their returns become serialy correlated only after the
eighth lag when taking infrequent trading into consideration. Hence, the Miller et al.
(1994) method seems to alleviate the problem of serial correlation in portfolio returns
in Thailand. However, it should be noted that the serial correlation in portfolio returns
still remains after adjusting for infrequent trading. That is, the serial correlation
problem cannot be distributed only to infrequent trading (see e.g. Miller et al., 1994;
Clare et d., 2002). The implication is that if we use the adjusted returns to estimate
the parameters, namely the alpha and the beta, their statistic values, such as standard
errors, may be less biased relative to those estimated from the unadjusted returns and
the acceptance or rejection of the significance of these parameters hypothesisis likely
to be more accurate. The next section presents impact of infrequent trading on the
parameters estimated from the CAPM and the Fama and French (1993) three-factor

model.
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Table 1A Descriptive statistics for 9 portfolios formed on firm size and book-to-
market equity: Thailand 1993-2005

The nine size-BM portfolios are formed based on independent sorts on firm size (market
capitalization) and on book-to-market equity (BM). Only firms with non-negative book value of equity
(B) are included. Market value of equity (M) is the share price multiplied by the number of ordinary
stocks in issue. Book value of equity (B) represents common shareholders investment in a firm
excluding common treasury stock value and accumulated unpaid preferred dividends.

The market, size and book-to-market equity factors used as independent variables in the
regressions are calculated from these portfolios as follows. At the end of June each year t, | form three-
size groups based on end-of-June market value of equity (M) and breakpoints at the 35" and 65"
percentiles of ranked M, which resulted in three groups - small, moderate, and big size. | form book-to-
market equity (BM) groups based on BM of the fiscal year ending in year t-1. Breakpoints are set at the
40™ and 60™ percentiles, which resulted in three groups - low, medium, and high BM.

For the nine portfolios (S/L, SIM, S/H, M/L, M/M, M/H, B/L, B/M, B/H) resulting from the
intersection of these independent sorts, | calculate value-weighted monthly returns during a 12-month
period from July of year t to June of year t+1. These are the portfolios that allowed us to calculate the
Fama and French (1993) SMB (small minus big) and HML (high minus low) factors, where SMB isthe
simple average of the returns on the three small portfolios (S/L, M and S/H) minus the simple
average of the returns on the three big portfolios (B/L, B/M and B/H) and HML is the simple average
of the returns on the three high-BM portfolios (S/H, M/H and B/H) minus the simple average of the
returns on the three low-BM portfolios (S/L, M/L and B/L).

The descriptive statistics are computed when the portfolios are formed in June of each year,
1993-2005, and are then averaged across the 13 years.

Firm size
BM Small Moderate Big Small Moderate Big Average
Percent of average M (%) Average BM
Low 0.84 3.19 43.33 0.49 0.51 0.43 0.48

Medium  0.83 297 28.56 0.98 0.97 0.96 0.97
High 0.69 277 16.82 2.93 2.31 2.33 2.52
Tota 2.36 8.93 88.71

Average number of firms Average Unadjusted return (%)
Low 18 31 63 0.91 0.43 0.57
Medium 16 20 20 0.66 1.53 1.20

High 64 32 16 2.57 1.23 1.10
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Table 2A Descriptive statisticsfor 16 portfoliosformed on firm size and book-to-
market equity: Thailand 1993-2005

The sixteen size-BM portfolios are formed based on independent sorts on firm size (market
capitalization) and on book-to-market equity (BM). Only firms with non-negative book value of equity
(B) are included. Market value of equity (M) is the share price multiplied by the number of ordinary
stocks in issue. Book value of equity (B) represents common shareholders investment in a firm
excluding common treasury stock value and accumulated unpaid preferred dividends.

The excess returns on the sixteen portfolios used as dependent variables in the regressions are
calculated from these portfolios as follows. At the end of June each year t, | form four-size groups
based on end-of-June market value of equity (M) which resulted in four groups — 1 (small), 2, 3, and 4
(big) size. | form book-to-market equity (BM) groups based on BM of the fiscal year ending in year t-1.
Breakpoints are set at the four size quartiles, which resulted in four groups— 1 (low), 2, 3, and 4 (high)
BM.

For the sixteen portfolios resulting from the intersection of these independent sorts, | calculate
value-weighted monthly returns during a 12-month period from July of year t to June of year t+1.
These are the portfolios that allowed us to calculate portfolio returns. The excess returns on the sixteen
portfolios are calculated as the portfolio returns deducted by the risk freerate.

The descriptive statistics are computed when the portfolios are formed in June of each year,
1993-2005, and are then averaged across the 13 years.

Firm size
BM 1 2 3 4 1 2 3 4 Average
Percent of average M (%) Average BM

035 09 312 3369 033 038 038 031 0.35
034 09 287 2270 078 075 074 0.72 0.75
032 089 252 17.63 131 130 123 120 1.26
028 089 256 992 359 332 346 267 3.26
Total 129 3.70 11.07 8394

A WDN B

Average number of firms Average Unadjusted return (%)
1 6 11 19 34 113 -068 -0.12 0.46
2 9 18 23 20 132 053 093 130
3 20 20 18 13 155 112 093 166
4 3B 21 11 4 275 189 200 0.22




Table 3A The Autocorrelation coefficients (AC) of the unadjusted portfolioreturns: Thailand 1993-2005

Thistable presents the autocorrelation coefficients (AC) for the first 12 lags of the unadjusted portfolio returns. The p-value based on Q-statistic tests the
seria correlation problem induced by infrequent trading in portfolio returns. If the p-value is higher than 0.05, the null hypothesisthat is the unadjusted portfolio
returns do not serially correlated cannot be rejected.

Lag 1 2 3 4 5 6 7 8 9 10 11 12
Portfolio
11 0.185% 0.063 -0.036 -0.221* -0.138% 0.105% 0.117¢ -0.118* -0.029* -0.086* -0.026% 0.001%
(0.022) (0.054) (0.110) (0.009) (0.005) (0.005) (0.005) (0.004) (0.006) (0.007) (0.0120 (0.019
12 -0.116 0.176% 0.103* -0.129% 0.177% = -0.073% 0.185* -0.0472 0.104% 0.084% 0.016% 0.055%
(0.152) (0.033) (0.038) (0.026) (0.007) (0.010) (0.002) (0.004) (0.004) (0.004) (0.008) (0.010
13 0.266" 0.050% 0.019° -0.039* -0.003% -0.004 0.044 0.114 -0.003 -0.107 -0.097 -0.087
(0.001) (0.004) (0.010) (0.022) (0.042) (0.074) (0.107) (0.085) (0.126) (0.108) (0.100) (0.100)
14 0.136 -0.057 0.002 -0.142 -0.050 -0.035 0.046 0.3117 0.095% 0.004% 0.002*  -0.016%
(0.092) (0.189) (0.344) (0.167) (0.231) (0.316) (0.389) (0.003) (0.004) (0.007) (0.011) (0.018
21 0.192% 0.075% 0.045 -0.046 -0.044 0.052 -0.025 -0.051 0.007 -0.178 0.003 -0.061
(0.018) (0.039) (0.078) (0.128) (0.189) (0.247) (0.334) (0.395) (0.494) (0.195) (0.259) (0.290)
22 0.192% 0.105% 0.101% 0.035 0.021 0.021 0.020 -0.056 0.059 0.086 0.073 -0.021
(0.018) (0.026) (0.031) (0.059) (0.103) (0.161) (0.232) (0.280) (0.322) (0.316) (0.332) (0.406)
23 -0.068 0.115 -0.068 -0.089 -0.051 0.017 0.117 0.102 0.130 -0.079 -0.067 0.000
(0.403) (0.254) (0.326) (0.319) (0.403) (0.524) (0.396) (0.342) (0.229) (0.239) (0.264) (0.336)
24 0.216° -0.044*° -0.073% -0.185° -0.044 0.013* 0.225% 0.3522 0.023* -0.115* -0.107* -0.1107
(0.007) (0.024) (0.041) (0.009) (0.016) ~(0.030) (0.003) (0.000) (0.000) (0.000) (0.000) (0.000)
31 0.135 0.037 -0.037 -0.064 0.031 -0.020 0.177 0.138 0.007 0.019 -0.077 -0.118
(0.095) (0.224) (0.362) (0.427)  (0.550) (0.668)  (0.247)  (0.146) (0.206) (0.273) (0.283) (0.217)
32 -0.055 0.140 -0.086 -0.055 0.041 -0.186 0.144° 0.071 0.070 -0.001 -0.086 0.060
(0.499) (0.174) (0.200)  (0.275) = (0.371) = (0.092) < (0.048)  (0.059) - (0.071) (0.106) (0.108) (0.128)
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41

42

43

0.024
(0.769)
0.2322
(0.004)
-0.060
(0.455)
0.099
(0.219)
0.180°
(0.026)
0.060
(0.460)
-0.002
(0.980)

0.207°
(0.035)
0.002%
(0.016)
0.082
(0.450)
0.102
(0.210)
0.081
(0.051)
0.068
(0.534)
0.100
(0.460)

-0.062
(0.063)
-0.051°
(0.034)
0.019
(0.647)
-0.171
(0.054)
-0.110°
(0.049)
-0.064
(0.595)
-0.063
(0.540)

0.033
(0.114)
-0.205°
(0.004)
-0.084
(0.599)
-0.109
(0.050)
-0.004
(0.097)
-0.106
(0.454)
-0.114
(0.383)

-0.067
(0.148)
-0.149°
(0.002)

-0.044
(0.691)

-0.079
(0.063)

0.053
(0.141)

-0.097
(0.399)

-0.053
(0.465)

0.047
(0.204)
0.063*
(0.004)
0.060
(0.726)
0.080
(0.075)
0.088
(0.147)
0.241°
(0.026)
0.057
(0.527)

0.059
(0.248)
0.195°
(0.001)
0.114
(0.574)
0.045
(0.108)
0.100
(0.135)
0.004°
(0.045)
0.125
(0.368)

0.085
(0.249)
0.290°
(0.000)
0.039
(0.653)
0.051
(0.142)
0.059
(0.167)
0.205
(0.007)
0.027
(0.461)

-0.025
(0.324)
0.096
(0.000)
0.070
(0.663)
0.019
(0.199)
0.009
(0.233)
0.077
(0.009)
0.065
(0.492)

-0.120
(0.242)
-0.100°
(0.000)
0.064
(0.686)
0.022
(0.263)
-0.049
(0.281)
-0.088°
(0.010)
0.015
(0.584)

-0.085
(0.240)
-0.152°
(0.000)

-0.156
(0.409)

-0.143
(0.152)

-0.106
(0.239)
-0.152°
(0.004)

-0.181
(0.241)

-0.027
(0.301)
-0.093°
(0.000)
0.082
(0.404)
0.011
(0.204)
-0.022
(0.303)
0.020°
(0.007)
0.045
(0.288)

Figures in parentheses are the p-values based on Q-statistics.

2 denotes statistically significant at 5% level of significance.
m represents the market portfolio.
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Table 4A The Autocorrelation coefficients (AC) of the adjusted portfolio returns. Thailand 1993-2005

Thistable presents the autocorrelation coefficients (AC) for the first 12 lags of the adjusted portfolio returns. The p-value based on Q-statistic tests the
seria correlation problem induced by infrequent trading in portfolio returns. If the p-value is higher than 0.05, the null hypothesis that is the adjusted portfolio

returns do not serially correlated cannot be rejected.

Lag 1 2 3 4 5 6 7 8 9 10 11 12
Portfolio
11 -0.005 0.040 -0.012 -0.206 -0.131 0.121 0.128* -0.138% 0.008%  -0.082% -0.010 -0.014
(0.947) (0.882) (0.965) (0.142) (0.088) (0.065) (0.043) (0.025) (0.041) (0.045) (0.068)  (0.097)
12 0.019 0.181 0.110 -0.098 0.1522 -0.033 0.178* -0.015% 0.116% 0.1012 0.031% 0.049%
(0.818) (0.079) (0.074) (0.077) (0.034) (0.058) (0.016) (0.027) (0.022) (0.020) (0.031) (0.042)
13 0.006 -0.023 0.018 -0.049 0.008 -0.017 0.020 0.119 -0.005 -0.094 -0.057 -0.042
(0.944) (0.957) (0.987) (0.973) (0.992) (0.997) (0.999) (0.941) (0.969) (0.931) (0.938) (0.953)
14 0.011 -0.078 0.032 -0.142 -0.028 -0.037 0.010 0.301% 0.053*  -0.009% 0.004 -0.006
(0.894) (0.624) (0.778) (0.377) (0.502) (0.603) (0.713) (0.014) (0.021) (0.034) (0.052) (0.076)
21 -0.007 0.033 0.047 -0.052 -0.047 0.065 -0.029 -0.053 0.054 -0.194 0.048 -0.030
(0.932) (0915 (0.914) (0.918) (0.936) (0.924) (0.955) (0.960) (0.964) (0.520) (0.576) (0.647)
22 -0.012 0.053 0.085 0.012 0.010 0.013 0.028 -0.077 0.057 0.066 0.065 -0.030
(0.880) (0.797) (0.664) (0.808) (0.899) (0.949) (0.972) (0.951) (0.955) (0.951) (0.948)  (0.966)
23 0.006 0.107 -0.072 -0.100 -0.064 0.027 0.127 0.122 0.132 -0.080 -0.072 -0.013
(0.945) (0.414) (0.464) (0.390) (0.445) (0.560) (0.386) (0.279) (0.182) (0.190) (0.207) (0.269)
24 0.020 -0.080 -0.028 -0.177 -0.009 -0.027 0.164 0.330° -0.029° -0.108% -0.066° -0.066%
(0.800) (0.590) (0.759) (0.198) (0.304) ~(0.408) (0.167) (0.001) (0.001) (0.001) (0.001) (0.002
31 -0.003 0.025 -0.035 -0.066 0.042 -0.049 0.168 0.118 -0.015 0.029 -0.066 -0.088
(0.972) (0.954) (0.962) (0.916)  (0.941) (0.952) (0.531)  (0.405) (0.501) (0.583) (0.605) (0.576)
32 0.007 0.135 -0.090 -0.056 0.020 -0.174 0.140 0.085 0.075 -0.008 -0.082 0.047
(0.930) (0.245) (0.255)  (0.338) = (0.466) = (0.153) < (0.086) = (0.092) - (0.105) (0.150) (0.155) (0.192)
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41

42

43

-0.007
(0.934)
0.013
(0.877)
0.001
(0.990)
-0.010
(0.906)
-0.009
(0.915)
-0.004
(0.959)
-0.001
(0.990)

0.208°
(0.036)
-0.042
(0.865)
0.076
(0.639)
0.112
(0.381)
0.073
(0.658)
0.069
(0.697)
0.100
(0.463)

-0.070
(0.060)
-0.006
(0.961)
0.001
(0.827)
-0.179
(0.076)
-0.137
(0.294)
-0.064
(0.718)
-0.073
(0.502)

0.036
(0.108)
-0.180
(0.256)
-0.090
(0.706)
-0.087
(0.090)
0.006
(0.445)
-0.097
(0.589)
-0.115
(0.352)

-0.074
(0.134)
-0.130
(0.157)
-0.067
(0.723)
-0.084
(0.103)
0.039
(0.556)
-0.106
(0.468)
-0.063
(0.412)

0.049
(0.184)
0.058
(0.204)
0.069
(0.730)
0.088
(0.110)
0.067
(0.587)
0.249%
(0.026)
0.061
(0.467)

0.057
(0.230)
0.131
(0.129)
0.126
(0.525)
0.033
(0.160)
0.081
(0.575)
-0.023
(0.044)
0.128
(0.314)

0.086
(0.231)
0.251°
(0.006)
0.056
(0.578)
0.047
(0.207)
0.045
(0.646)
0.202%
(0.007)
0.031
(0.399)

-0.024
(0.303)
0.060°
(0.009)
0.074
(0.585)
0.011
(0.281)
0.006
(0.738)
0.070°
(0.010)
0.065
(0.434)

-0.118
(0.231)
-0.098°
(0.009)
0.056
(0.628)
0.033
(0.349)
-0.036
(0.795)
-0.084°
(0.011)
0.013
(0.526)

-0.081
(0.236)
-0.122°
(0.007)

-0.147
(0.400)

-0.149
(0.196)

-0.099
(0.730)
-0.149°
(0.005)

-0.180
(0.216)

-0.021
(0.299)
-0.026°
(0.011)
0.063
(0.432)
0.027
(0.250)
0.015
(0.797)
0.034%
(0.008)
0.042
(0.263)

Figures in parentheses are the p-values based on Q-statistics.

2 denotes statistically significant at 5% level of significance.
m represents the market portfolio.
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4.2 Impacts of infrequent trading on the asset pricing model parametersin
Thailand

4.2.1The CAPM

In table 5A, panel | and Il present the unadjusted alphas or abnormal
returns (¢,) and the unadjusted betas or systematic risks (Bp) regressed from the

unadjusted CAPM for Thai firms respectively. The results show that most of the
unadjusted alphas are not statistically different from zero. Only 6 unadjusted alphas
are statistically significant. In contrast, all unadjusted betas are statistically significant
at 1% and appear to increase with firm size. Interestingly, the unadjusted alpha of the
small and high-BM (14) portfolio is significantly higher than that of the big and low-
BM (41) portfolio which is equal to zero. In other words, there appears mispricing
evidence of portfolio 14 while there is no mispricing evidence of portfolio 41.
Moreover, the unadjusted beta of portfolio 14 is lower, instead higher to reflect higher
risk, than that of portfolio 41. These symptoms of the unadjusted alpha and beta of
portfolio 14 suggest that the small and high-BM firms are subject to the problem of
infrequent trading. One possible explanation for these findings is that the small and
high-BM firms receive only little attention from the market and they are likely to be
distress firms. The results are in line with the findings of Fama and French (1993).
That is, stocksin the small and-high-BM portfolio have significant abnormal returns.*

Panel |11 presents-the adjusted-R’s. of the unadjusted CAPM. The
adjusted-R?s range from 18% to 92% and increase monotonicaly from smaller to
bigger portfolios. However, the adjusted-R?s are near 90% for only 2 big and low-BM

portfolios that are portfolio 41 and 42. For the other portfolios, the adjusted-R*s are

* According to Fama and French (1993) interpretation, this premium is called the
financial distress premium. That is, the premium for small and high-BM firms that are
expected to yield higher premium than big and strong firms to compensate for higher risk.
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less than 70%. Especially the small portfolios of which adjusted-R? are not above
30%. The possible reason for explaining this result is that the small portfolios do not

move synchronously with the market portfolio because of infrequent trading.
In table 6A, panel | presents the adjusted alphas (&,™) regressed from

the adjusted CAPM for Thai firms. The results show that all adjusted aphas are not
statistically significant. In other words, alphas or abnormal returns seem to disappear
after adjusting for infrequent trading. The results are in line with the symptom of
upwardly biased alphas as in Scholes and Williams (1977). Specifically, aphas of
infrequently traded stocks estimated from the traditional method are upwardly biased.
After they adjusted impact of infrequent trading on returns in their study, the al phas of

infrequently traded stocks decrease.
Panel 11 shows the adjusted betas (b,™) regressed from the adjusted

CAPM. Compared with table 5A, 12 adjusted betas increase from unadjusted betas of
the unadjusted CAPM between 3% and 39% while only 4 adjusted betas decrease
from unadjusted betas of the unadjusted CAPM, in narrower range, between 6% and
14%. Specifically, except that of portfolio 12, all small portfolios adjusted betas
increase from unadjusted betas of the unadjusted CAPM. In addition, al big
portfolios adjusted betas also increase from unadjusted betas except for the beta of
portfolio 41 which dlightly decreases. These results aso confirm the pattern of
downwardly biased betas as in Scholes and Williams (1977)-and Dimson (1979). That
is, the traditional approach generates downwardly biased betas for infrequently traded
stocks. After they adjusted impact of infrequent trading on returns in their studies, the
betas of infrequently traded stocks increase.

Panel 111 summarizes the adjusted-R? for the adjusted CAPM. The

adjusted-R?s range from 16% to 93% and increase monotonicaly from smaller to
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bigger portfolios. The adjusted-R?s of the adjusted CAPM change from those of the
unadjusted CAPM in narrow range, only between 0.4% and 4%. Thus, taking into
account of infrequent trading does not seem to increase much explanatory power of
the adjusted CAPM relative to the unadjusted CAPM.

In table 7A, panel | presents the coefficients of differences between
unadjusted alphas of the unadjusted CAPM and adjusted aphas of the adjusted

CAPM (a,, or apha-difference coefficient) for Tha firms. The result shows that

only one pair of unadjusted and adjusted alphas of portfolio 14 is significantly
different. That is, most unadjusted alphas are not significantly different from adjusted
alphas. However, the size of the absolute alpha-difference is quite big ranging from
0.093% to 2.471% per month and the average absolute alpha-difference is about
0.947% per month or 11.364% per year. Hence, the alpha-differences of the CAPM
are economically significant though they are statistically insignificant.

Panel 11 shows the coefficients of differences between unadjusted betas
of the unadjusted CAPM and adjusted betas of the adjusted CAPM (sz or beta-

difference coefficient). There is only the coefficient of portfolios 42 that is
statistically significant. The other unadjusted betas are not significantly different from
adjusted betas. The size of the absolute beta-difference ranges from 0.023% to
0.296% per month and the absolute average beta-difference is around 0.124% per
month or 1.488% per year. Hence, the beta-differences of the CAPM are both
statistically and economically insignificant.

Considering the results of adjusted al phas and betas in table 6A and 7A,
although most of the differences between unadjusted and adjusted alphas and betas
are statistically insignificant, the differences between unadjusted and adjusted al phas

are economically significant. In addition, there is a pattern that the unadjusted alphas
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may be upwardly biased and the unadjusted betas may be downwardly biased. Hence,
it seems worthwhile to adjust for the impact of infrequent trading on the alphas and

betas when using the CAPM to estimate these parameters.
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Table 5A The unadjusted parameters regressed from the unadjusted CAPM:
Thailand 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the unadjusted CAPM: Ry — Rt = o+ Bp(Rme — Ri) + &, Where Ry is the value weighted return on
portfolio p for month t, Ry is the risk free rate for month t, Ry, is the market return for month t, Ry-Ry;
is the excess return on portfolio p for month t, RRy is the market excess return for month t. Panel |
shows the unadjusted alpha (dp) which is the abnormal return of the model and indicate mispricing
evidence on the market. Panel Il shows the unadjusted beta or the factor loading of the market factor
(E)p). The t-statistic tests the significance of unadjusted alpha and beta. Adjusted-R? for each portfolio
is also shownin Panel I11.

Firm size
BM 1 2 3 4 1 2 3 4
Panel | Unadjusted Alpha (4., t(4,)
1 0.780 -1.000 -0481 0075 0564 -1569 -0.828 0.270
2 0999 0202 0574 088%° 1172 0314 1347 2460
3 1.222 0.769° 0570 1274° 1205 1723 1082 2011
4 2.402% 1533 1613° -0211 2769 1774 2130 -0.240
Panel 11 Unadjusted Beta (b, ) t(b,)
1 0.710* 0.458* 0.782* 0991*° 3177 6.887 10.350 22.596
2 0.460° 0.452* 0.688" 1.178°  4.995 7.412 12267 24.043
3 0.508" 0.640* 0.765* 0.962° 6.092 8.015 9.235 9.020
4 0.631* 0.753* 0973* 1.393° 5136 5884 7476 8.757
Panel 111 Adjusted R* (%)
1 18.06 3157 5427 92.27
2 17.61 3254 5890 89.62
3 18.37 5456 6273 7193
4 2734 3804 56.87 6168

& denotes statistical ly significant at 1% level of significance.
P denotes statistically significant at 5% level of significance.
¢ denotes statistically significant at 10% level of significance.
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Table 6A Theadjusted parametersregressed from the adjusted CAPM:
Thailand 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the adjusted CAPM: Ry™ — Ry = a7 + by (Ry™ — Ryy) + £, Where Ry is the value weighted
return on portfolio p for month t adjusted for infrequent trading, Ry is the risk free rate for month t,
R is the market return for month t adjusted for infrequent trading, Ry™-Ryis the excess return on
portfolio p for month t adjusted for infrequent trading, Ry -Ryis the market excess return for month t
adjusted for infrequent trading. Panel | shows the adjusted aIpha(o? adj) which is the abnormal return
of the model and indicate misprici ng ewdence on the market. Panel Il shows the adjusted beta or the
factor loading of the market factor (b ) The t-statistic tests the significance of adjusted alpha and
beta. Adjusted-R? for each portfolio is also shown in Panel 111.

Firmsize
BM 1 9 3 4 1 2 3 4
Panel | Adjusted Alpha (d,™) t(a,)
1 -0.047 -0121 -0024 -0.017  -0.032 -0.183 -0.040 -0.061
2 0164 -0.118 -0.096 0086  -0.191 -0.178 -0220 0.235
3 -0.080 -0.111 -0.057 0.047  -0.074 -0.244 -0.105 0.068
4 -0.069 -0.003 0073 0134  -0074 -0.003 0.087 0.148
Panel |1 Adjusted Beta (b,*') t(b,*)
1 0.827% 0.555% 0.913* 0937 3079 6.856 9916 23217
2 0.394% 0.564% 0.648° 1.312 4917 7.820 12115 25.007
3 0.707* 0.592* 0.788% 1.172 6.113 8180 9.151 9.774
4 0.747% ~0.989% 1.269% 1.492 5214 6206 7.909 8.606
Panel 111 Adjusted R* (%)
1 16.75 3121 5611 92.92
2 16.17 . 34.38 . 57.91 . 90.63
3 2061 5311 6310 7382
4 29.02 42,08 59.91  62.40

2 denotes statistically significant at 1% level of significance.
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Table 7A Thedifferences between the unadjusted and adjusted CAPM
parameters. Thailand 1993-2005

This table presents the differences between the unadjusted and adjusted CAPM parameters.
The dummy variables are introduced in the CAPM for the presence of infrequent trading adjustment:
Ryt — Rit = agp*0pDp+ byp(Ru — Ri))+ bop(Ri™ — Re)Dp + £, Where, Ry-Ryt is the excess return on
portfolio p for month t, R-Ry is the market excess return for month t, Ru¥-Ry i's the market excess
return for month t adjusted for infrequent trading, and Dy, is 1 for adjusted return on portfolio p for
month t ,or O for unadjusted return on portfolio p for month t. Panel | shows the apha-difference
coefficient (o?zp) which is the coefficient of trle difference between unadjusted and adjusted a phas.
Panel Il shows the beta-difference coefficient ( b2p ) which is the coefficient of the difference between
unadjusted and adjusted betas. The t-statistic tests the null hypothesis that is the unadjusted parameters
regressed from the unadjusted CAPM are statistically different from the adjusted parameters regressed
from the adjusted CAPM.

Firm size

BM 1 2 3 4 4, 2 3 4
Panel | Alpha-Difference Coefficient (d,,) t(ay,)

1 -0.827 0.879 0457 -0.093 -0.425 0.968 0553 -0.234
2 -1.164 -0.320 -0.670 -0.805 -0.953 -0.347 -1.128 -1.564
3 -1.302 -0.881 -0.628 -1.228 -0.889 -1.417 -0.835 -1.269
4 -2.471° -1536 -1.540 0.344 -1.980 -1.204 -1.389 0.280
Panel 11 Beta-Difference Coefficient (sz) t (sz)

1 0.117 0.097 0.131 -0.054 0.340 0919 1116 -0.889
2 -0.066  0.113 -0.040 0.134° -0541 1201 -0515 1.829
3 0.199 -0.048 0.023 0.210 1459 -0.446 0.189 1.318
4 0.116 0236 0.296 0.098 0.620 1158 1.434 0.406

® denotes statistically significant at 5% level of significance,
¢ denotes statistically-significant at 10%level of significance.
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4.2.2 The Fama and French (1993) three-factor model

In table 8A, panel | and Il show the unadjusted alphas (¢,) and

unadjusted betas ( Bp) regressed from the unadjusted three-factor model for Thai firms

respectively. Interestingly, although | use the unadjusted three-factor model, instead
of the unadjusted CAPM, the mispricing evidence of portfolio 14 still exists. In
addition, the unadjusted beta of portfolio 14 is still lower than that of portfolio 41. In
other words, the symptoms that the alpha and the beta of portfolio 14 are subject to
infrequent trading seem to remain even using the unadjusted three-factor model
instead of the unadjusted CAPM.

SMB;, the mimicking return for the size factor, captures variation in
returns missed by the market factor and HML; or the BM factor. Panel 111 reports the

unadjusted coefficients of SMB; (S, or unadjusted size coefficient) regressed from the

unadjusted three-factor model. The results show that unadjusted size coefficients
appear to decrease with firm size. In every BM quartile, the unadjusted size
coefficient decreases monotonically when firm size increases.”

Similarly, HML;, the mimicking return for the BM factor, captures

variation in returns missed by the market factor and SMB; or the size factor. Panel 1V
shows the unadjusted coefficients of HML; (ﬁp or unadjusted BM coefficient)

regressed from the unadjusted three-factor model. The results suggest that unadjusted

BM coefficients appear to increase with BM. In every size quartile, the unadjusted

® According to Fama and French (1993) interpretation, this premium is known as size
premium. That is, the premium compensating investors for bearing risk of investing in small
firmsrelativeto big firms.



42
BM coefficient increases monotonically from negative vaue for the low-BM quartile
to strongly positive value for the high-BM quartile.®
Given the strong size and BM coefficients, it is not surprising that
adding these two factors to the regressions results in large increasing of adjusted-R®s
compared with those from the unadjusted CAPM in table 5A. Panel V presents the
adjusted-R?s for the unadjusted three-factor model. There are 6 portfolios of which
adjusted-R?s are greater than 80% while using the market factor alone produces only
2 portfolios of which adjusted-R?s are greater than 80%. For the portfolios in the
small-size quartile, the adjusted-R’s increases from 18%-27%, in case of the
unadjusted CAPM, t0 45%-85%, in case of the unadjusted three-factor model.
Especialy for portfolio 14, its adjusted-R? largely increases from 27% to 85% while

the adjusted-R? of portfolio 41 increases only 3% from 92% to 95%.
In table 9A, panel | presents the adjusted alphas (&,™) regressed from

the adjusted three-factor model for Tha firms. As expected, there is no alpha or
abnormal return after adjusting for infrequent trading. Like the adjusted CAPM, the
mispricing evidence of portfolio 14 vanishes after | use the adjusted three-factor
model instead of the unadjusted three-factor model. Therefore, not only the CAPM,

the three-factor model-a so seemsto have the symptom of upwardly biased alpha
Panel 11 shows the adjusted betas (b,*) regressed from the adjusted

three-factor model. Compared with- table 8A, 9 adjusted betas increase from
unadjusted betas of the unadjusted three-factor model between 7% and 16%, while 7
betas decrease from unadjusted betas of the unadjusted three-factor model between

1% and 17%. Especially for portfolio 14, rather than increases, its beta decreases. In

® Fama and French (1993) interpreted this premium as the financial distress premium.



43
other words, there is no discernible pattern of downwardly biased betas of the three-

factor model.
Panel [11 shows the adjusted size coefficients (8,) regressed from the

adjusted three-factor model. Compared with table 8A, only 2 adjusted size
coefficients increase from unadjusted size coefficients of the unadjusted three-factor
model between 3% and 8%, while 12 adjusted size coefficients decrease from
unadjusted size coefficients of the unadjusted three-factor model between 1% and
26%. Remarkably, most size coefficients decrease, instead of changing
unsystematically as expected, after adjusting for infrequent trading. Thus, there is a

pattern indicating that size coefficients may be upwardly biased.
Panel 1V shows the adjusted BM coefficients (™) regressed from the

adjusted three-factor model. Compared with table 8A, only 3 adjusted BM
coefficients increase from unadjusted BM coefficients of the unadjusted three-factor
model between 4% and 37%, while 9 adjusted BM coefficients decrease from
unadjusted BM coefficients of the unadjusted three-factor model between 0.6% and
33%. Noticeably, most BM coefficients decrease, instead of changing
unsystematically as expected, after adjusting for infrequent trading. Hence, like size
coefficients, thereis a pattern indicating that BM coefficients may be upwardly biased.

Panel V presents the adjusted-R? for the adjusted three-factor model.
The adjusted-R?s range from 38% to 95% and increase monotonically from smaller to
bigger portfolios. However, compared with table 8A, the adjusted- Rs of the adjusted
three-factor model change from those of the unadjusted three-factor model only
between 0.4% and 4%. Hence, the results suggest that the infrequent trading
adjustment does not seem to increase much explanatory power of the adjusted three-

factor model relative to the unadjusted three-factor model.
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In table 10A, panel | presents the coefficients of differences between
unadjusted alphas of the unadjusted three-factor model and adjusted aphas of the

adjusted three-factor model (a,, or apha-difference coefficient) for Tha firms. The

results show that only the coefficient of portfolio 31 is statistically significant.
However, the size of the absolute alpha-difference is fairly big ranging from 0.001%
to 1.186% per month and the average absolute alpha-difference is about 0.577% per
month or 6.924% per year. Hence, the alpha-differences of the three-factor model are
economically significant though they are statistically insignificant.

Panel Il reports the coefficients of differences between unadjusted

betas of the unadjusted three-factor model and adjusted betas of the adjusted three-
factor model (sz or beta-difference coefficient). The results show that there is no

coefficient that is statistically significant. The size of the absolute beta-difference
ranges from 0.018% to 0.217% per month and the average absol ute beta-difference is
about 0.097% per month or 1.164% per year. Hence, the beta-differences of the three-
factor model are both statistically and economically insignificant.

Panel 111 shows the coefficients of differences between unadjusted size
coefficients of the unadjusted three-factor model and adjusted size coefficients of the

adjusted three-factor model ($,, or size-difference coefficient). There is no coefficient

that is statistically significant. The size of the absolute size-difference ranges from
0.001% to 0.206% per month and the average absolute size-difference is around
0.059% per month or 0.708% per year. Hence, the size-differences of the three-factor
model are both statistically and economically insignificant.

Panel 1V presents the coefficients of differences between unadjusted

BM coefficients of the unadjusted three-factor model and adjusted BM coefficients of
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the adjusted three-factor model (szp or BM-difference coefficient). There is only the

coefficient of portfolio 41 that is statistically significant. The size of the absolute BM-
difference ranges from 0.006% to 0.130% per month and the average absolute BM-
difference is around 0.062% per month or 0.744% per year. Hence, the BM-
differences of the three-factor model are both dstatistically and economically
insignificant.

Given the results of the adjusted aphas, betas, size coefficients and
BM coefficients in table 9A and 10A, although most of the differences between the
unadjusted and adjusted alphas and betas are statistically insignificant, the differences
between the unadjusted and adjusted alphas are economically significant. In addition,
though there is no discernible pattern that the unadjusted betas are downwardly biased,
there is evidence indicating that the unadjusted alphas are upwardly biased. Thus, it
seems worthwhile to adjust for the impact of infrequent trading on the alphas, betas,
size coefficients and BM coefficients when using the three-factor model to estimate

these parameters.
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Table 8A Theunadjusted parametersregressed from the unadjusted three-
factor model: Thailand 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the unadjusted three-factor model: Ry—Ri: = a,Hop(Rm—Ri)+ S:SMBi+ hyHML+ g, where Ry is the
value weighted return on portfolio p for month t, Ry, is the risk free rate for month t, R, is the market
return for month t, R,-Ry is the excess return on portfolio p for month t, Ry-Ry is the market excess
return for month t , SMB; is the difference in returns between small and big portfolios for month t, and
HML, isthe difference in returns between high-BM and low-BM portfolios for month t.

Panel | shows the unadjusted alpha (o?p) which is the abnormal return of the model and
indicate mispricing evidence on the market. Panel 11 shows the unadjusted beta or the factor loading of
the market factor (b ). Panel 111 shows the unadjusted size coefficient or the coefficient of the size
factor (S ). Panel 1V shows the unadjusted BM coefficient or the coefficient of the BM factor (h ).
The t-statistic tests the significance of unadjusted alpha, beta, size coefficient and BM coefficient.
Adjusted-R? for each portfolio is also shown in Panel V.

Firm size

BM 1 2 3 4 1 2 3 4
Panel | Unadjusted Alpha (&, ) t(a,)

1 0.870 -1.179° -1.111* 0.366 0.879 -2148 -2.622 1518
2 0.688 0.071 0.303 0.854° 0953 0122 0.839 2269
3 -0.002 0301 0.030 0.927° -0.005 0843 0.082 1.995
4 0.868° 0.000 0.398 -1.094 2136 0.000 0.885 -1.404
Pandl I Unadjusted Beta (b,) t(b,)

1 1.335% 0.648° 1.032* 1.017% 6.290 6.563 12.001 32.543
2 0.897° 0.617* 0.825° 1.084% 8450 5.262 10.858 19.045
3 0.878% ~0.842* 0.997° 0.758" 7.648 9.386 12423 9.755
4 0.989° 1.012* 1.070° 1.360% 11.097 22.626 11.340 6.933
Panel 11l Unadjusted Size Coefficient (§,) t(s,)

1 1.171%. 0.389° -0.574* . 0.002 4541  3.065 ~6.822 0.043

0.877% 0.335° ©0.303% -0.173° 5580 - 2125 3.656 -2.831
0.897° 0.457* 0.526° -0.331° 6.158 4.689 11.571 -2.907
0.923% 0.737% 0378 0.079 9230 13301 3.190 0.619

A W N
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Panel IV Unadjusted BM Coefficient (h,) t(h,)

1 -0.659° -0.008 0.357° -0293°  -1.853 -0.062 2453 -7.886
2 -0.112 -0030 0126 0.120° -0.691 -0.275 1.303 2.429
3 0.799° 0250° 0.289° 0.510° 4365 2296 2959 4.220
4 1.0909% 1187 1.041* 0.852° 7701 19100 6396 4.241
Panel V Adjusted R? (%)

1 4523 4132 7152 94.96

2 4709 3999 6444 9067

3 6181 7011 7944 8219

4 8451 8855 8340 6929

& denotes statistically significant at 1% level of significance.
b denotes statistically significant at 5% level of significance.
¢ denotes statistically significant at 10% level of significance.
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Table 9A The adjusted parametersregressed from the adjusted three-factor
model: Thailand 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the adjusted three-factor model: Ry™ — Ry = 0,™ + b, (Ry™—Ry) + §¥SMB™ + h, HML +
€, Where Rpfdj is the value weighted return on portfolio p for month t adjusted for infrequent trading,
Ry is the risk free rate for month t, Ry @ is the market return for month t adjusted for infrequent
trading, Ry™ -Ry s the excess return on portfolio p for month t adjusted for infrequent trading, Ry~
Ry is the market excess return for month t adjusted for infrequent trading, SM B is the difference in
adjusted returns between small and big portfolios for month t, and HML™ is the difference in adjusted
returns between high-BM and low-BM portfolios for month t.

Panel | shows the adjusted alpha (dpadj) which is the abnormal return of the model and
indicate mispricing evidence on the market. Panel |1 shows the adjusted beta or the factor loading of
the market factor (E)padj ). Panel 111 shows the adjusted size coefficient or the coefficient of trle size
factor (épadJ ). Panel IV shows the adjusted BM coefficient or the coefficient of the BM factor (hpad').
The t-statistic tests the significance of unadjusted alpha, beta, size coefficient and BM coefficient.
Adjusted-R? for each portfolio is also shown in Panel V.

Firm size

BM 1 2 3 4 1 2 3 4
Panel | Adjusted Alpha (¢,™) t(a,)

1 0.151 -0.070 0.034 -0.003 0131 -0.122 0.076 -0.014
2 -0.070 -0.077 -0.069 0057 -0.094 -0127 -0173 0.163
3 0.000 -0.074 -0.013 -0.034 0.000 -0.203 -0.034 -0.063
4 -0.015 0.023 0054 0093 -0.033 0064 0098 0.125
Panel I Adjusted Beta (b, ) t(b,)

1 1.552% 0.742* 1.123* 0.986° 5566 6.853 10.182 34.609
2 0.743* 0.715* 0.746° 1.209° 8.028 5.745 10.265 18.907
3 0.998* 0.728% 0.951° 0.876° 6585 8529 10.649 9.794
4 0.946% 1.086* | 1.200% © 1:342° 9.710 “18.134 10406 5.995
Panel 111 - Adjusted Size Coefficient (§,™) t(5,)

1 1.201% 0.355%  0.544% " 0.017 4058 2761 7.015 0.627
2 0.671% 0.267° 0.225° -0.175° 5535 1960 3450 -2.970
3 0.968% 0.352% 0.442° -0.397° 5717 4.073 10.320 -3.954
4 0.872% 0.728* 0.335° 0.027 0.051 12.688 2.808 0.224
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Panel IV Adjusted BM Coefficient (h,*') t(h,)

1 -0.588° -0.054 0.259" -0.184*°  -1.686 -0.380 2021 -7.915
2 0075 -0.083 0057 0.075° -0662 -0.732 0823 1669
3 0.828° 0.167° 0.245° 0.443* 4607 1890 2722 4812
4 1.024% 1.160*° 1.036* 0.722° 8039 16731 5.195 3561
Panel V Adjusted R? (%)

1 4090 3828 7106 9452

2 4506 3848 6209 9158

3 6125 67.13 79.02 8292

4 8400 8695 8232 6894

& denotes statistically significant at 1% level of significance.
b denotes statistically significant at 5% level of significance.

¢ denotes statistically significant at 10% level of significance.
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Table 10A The differences between the unadjusted and adjusted three-factor
model parameters: Thailand 1993-2005

This table presents the differences between the unadjusted and adjusted three-factor model
parameters. The dummy variables are introduced in the three-factor model for the presence of
infrequent trading adjustment: Ry — Ry = agy*+ agoDp+ bip(Ryy — Ri)+ bap(Rut™ — Ri)Dp+ $1,SM B+
SpSMBD, + hyy HML+ hyHMLMD,+ gy, Where, Ry-Ry is the excess return on portfolio p for
month t, Ry-Ry is the market excess return for month t, Ry -Ry is the market excess return for month t
adjusted for infrequent trading, SMB; is the difference in returns between small and big portfolios for
month t, SMB® is the difference in adjusted returns between small and big portfolios for month t,
HML, is the difference in returns between high-BM and low-BM portfolios for month t, HML™ is the
difference in adjusted returns between high-BM and low-BM portfolios for month t, and D, is 1 for
adjusted return on portfolio p for month t ,or O for unadjusted return on portfolio p for month t.

Panel | shows the alpha-difference coefficient (052p ) which is the coefficient of the difference
between unadjusted and adjusted alphas. Panel 11 shows the beta-difference coefficient (b ) which is
the coefficient of the difference between unadjusted and adjusted betas. Panel 111 shows the size-
difference coefficient (S ) which is the coefficient of the difference between unadjusted and adjusted
size factors. Panel 1V shows the BM-difference coefficient (th) which is the coefficient of the
difference between unadjusted and adjusted BM factors. The t-statistic tests the null hypothesis that is
the unadjusted parameters regressed from the unadjusted three-factor model are statistically different
from the adjusted parameters regressed from the adjusted three-factor model.

Firm size

BM 1 2 - 4 1 2 3 4
Panel | Alpha-Difference Coefficient (,,) t(dy)

1 -0.721  1.109  1.143° -0.370 -0.513 1415 1856 -1.058
2 -0.759 -0.148 -0.373 -0.797 -0.727 -0.178 -0.707 -1.530
3 0.001 -0.376 -0.044 -0.961 0.001 -0.742 -0.083 -1.331
4 -0.834 0.022 -0.344 1.186 -1482 0.049 -0490 1.155
Panel Il Beta-Difference Coefficient (b, ) t(b,,)

1 0.217 0.095 0.092 -0.030 0.617 0631 0.663 -0.695
2 -0.154 0.098 -0.080 0.125 -1.137 0566 -0.741 1415
3 0.120 . -0.114 -0.046. .0.118 0.638 -0914 -0.373 0.965
4 -0.042  0.074 0.130 -0.018 -0.320 0987 = 0.868 -0.060
Panel 11l Size-Difference Coefficient (S,,) t(5,)

1 0.029 -0.035 -0.030 0.015 0.073 -0.189 -0.271 0.293

-0.206 -0.068 -0.078 -0.001 -1.033 -0.316 -0.739 -0.018
0.071 -0.106 -0.083 -0.066 0319 -0.804 -1.349 -0.423
-0.051 -0.009 -0.043 -0.052 -0.366 -0.117 -0.255 -0.285

A WN
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Panel IV BM-Difference Coefficient () t(h,,)

1 0.071 -0.045 -0.098 0.109" 0.142 -0.233 -0495 2519
2 0.036 -0.053 -0.069 -0.045 0.184 -0.334 -0579 -0.673
3 0.029 -0.083 -0.045 -0.067 0.112 -0578 -0.328 -0.434
4 -0074 -0.027 -0.006 -0130  -0.389 -0.286 -0.022 -0.454

® denotes statistically significant at 5% level of significance.

¢ denotes statistically significant at 10% level of significance.
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4.3 Descriptive statistics for the nine and sixteen portfolios of the Singaporean
mar ket

Not only Thai firms, | aso use Singaporean firms to provide a comparison
sample in this thesis because Singapore is in the same regional market but more
developed. Hence, the problem of infrequent trading is expected to be less severe in
Singapore than in Thailand. Empirical evidence shows that, on average, the turnover
of the Singaporean market is higher than that of the Thai market. Thus, as expected,
the Singaporean market has more liquidity than the Thai market (see Appendix C).

Table 1B presents descriptive statistics for the nine portfolios formed on firm
size and BM of the Singaporean market. The results show much like those of Thai
firmsin table 1A. Big firms represent 89.07% of the total market capitalization of the
entire market while the small firms represent only 2.40%. Hence, it is clear that big
firms are obvioudly distinguished from small firms. The average BM of the low-BM
firms is 0.43 while the average BM of the high-BM firms is 1.65. Thus, low-BM
firms are also apparently distinguished from high-BM firms. For average number of
firms, 48 firms in the small and high-BM portfolio represent only 0.76% of the total
market capitalization whereas 50 firms in the big and low-BM portfolio represent
about 45.85%. This result confirms that firms in each portfolio substantialy differ in
both size and BM dimensions.

For the average unadjusted return, instead of the small and high-BM portfolio,
the big and high BM portfolio has the highest average unadjusted return at 1.52% per
month. On average, the average unadjusted returns on the high-BM portfolios are
higher than those of the low-BM portfolios. However, there is no clear relation
between firm size and average unadjusted return.

Table 2B shows descriptive statistics for the sixteen portfolios formed on firm

size and BM. The results are in line with those of table 1B and much like those of
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Thai firms in table 2A. Big firms represent 85.09% of the total market capitalization
of the entire market while small firms represent only 1.32%. The average BM of the
low-BM firms is 0.34 while the average BM of the high-BM firms is 1.95. For
average number of firms, 21 firms in the small and high-BM (14) portfolio represent
only 0.35% of the total market capitalization whereas 25 firms in the big and low-BM
(41) portfolio represent about 34.87%. The bottom of table 2B also suggests that there
is no clear relation between firm size and average unadjusted return, but the positive
relation between BM and average unadjusted return.

Table 3B summarizes the autocorrelation coefficients (AC) for thefirst 12 lags
of unadjusted portfalio returns for Singaporean firms. There are 14 portfolios that
have the serial correlation problem in portfolio returns (significant at 5%) while the
market portfolio returns are not serialy correlated. The small portfolios seem to have
more severe problem than the big portfolios. These results imply that if we directly
use the unadjusted returns to estimate the parameters, namely the alpha and the beta,
their statistic values, such as standard errors, may be biased and wrongly lead to the
acceptance or rejection of the significance of these estimated parameters hypothesis.

Table 4B summarizes the autocorrelation coefficients (AC) for the first 12 lags
of adjusted portfolio returns for Singaporean firms. Compared with table 3B, a
number of portfolios having the seria correlation problem decrease from 14 to 10.
Especially for portfolio 12 of which its returns of ‘the entire 12 lags are serially
correlated before adjusting for infrequent trading, its returns do not serially correlated
after taking infrequent trading into account. Hence, the Miller et al. (1994) method
seems to alleviate the problem of seria correlation in portfolio returns in Singapore.
However, it should be noted that the serial correlation in portfolio returns still remains

after adjusting for infrequent trading. That is, the serial correlation problem cannot be
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distributed only to infrequent trading (see e.g. Miller et a., (1994); Clare et al., 2002).
The implication is that if we use the adjusted returns to estimate the parameters,
namely the alpha and the beta, their statistic values, such as standard errors, may be
less biased relative to those estimated from the unadjusted returns and the acceptance
or rgjection of the significance of these parameters hypothesis is likely to be more

accurate.
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Table 1B Descriptive statisticsfor 9 portfolios formed on firm size and book-to-
market equity: Singapor e 1993-2005

The nine size-BM portfolios are formed based on independent sorts on firm size (market
capitalization) and on book-to-market equity (BM). Only firms with non-negative book value of equity
(B) are included. Market value of equity (M) is the share price multiplied by the number of ordinary
stocks in issue. Book value of equity (B) represents common shareholders investment in a firm
excluding common treasury stock value and accumulated unpaid preferred dividends.

The market, size and book-to-market equity factors used as independent variables in the
regressions are calculated from these portfolios as follows. At the end of June each year t, | form three-
size groups based on end-of-June market value of equity (M) and breakpoints at the 35" and 65
percentiles of ranked M, which resulted in three groups - small, moderate, and big size. | form book-to-
market equity (BM) groups based on BM of the fiscal year ending in year t-1. Breakpoints are set at the
40™ and 60™ percentiles, which resulted in three groups - low, medium, and high BM.

For the nine portfolios (S/L, SIM, S/H, M/L, M/M, M/H, B/L, B/M, B/H) resulting from the
intersection of these independent sorts, | calculate value-weighted monthly returns during a 12-month
period from July of year t to June of year t+1. These are the portfolios that allowed us to calculate the
Fama and French (1993) SMB (small minus big) and HML (high minus low) factors, where SMB isthe
simple average of the returns on the three small portfolios (S'L, M and S/H) minus the simple
average of the returns on the three big portfolios (B/L, B/M and B/H) and HML is the simple average
of the returns on the three high-BM portfolios (S/H, M/H and B/H) minus the simple average of the
returns on the three low-BM portfolios (S/L, M/L and B/L).

The descriptive statistics are computed when the portfolios are formed in June of each year,
1993-2005, and are then averaged across the 13 years.

Firm size

BM Smal Moderate  Big Smal Moderate Big Average

Percent of average M (%) Average BM
Low 0.83 2.85 45.85 0.46 0.44 0.40 0.43
Medium  0.81 2.97 2716 0.85 0.85 0.85 0.85
High 0.76 2.71 16.06 1.68 171 1.57 1.65
Tota 2.40 8.53 89.07

Average number of firms Average Unadjusted return (%)
Low 33 35 50 0.90 0.27 0.48
Medium 22 17 19 0.46 0.64 1.06

High 48 36 34 1.15 0.87 1.52
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Table 2B Descriptive statisticsfor 16 portfoliosformed on firm size and book-to-
market equity: Singapor e 1993-2005

The sixteen size-BM portfolios are formed based on independent sorts on firm size (market
capitalization) and on book-to-market equity (BM). Only firms with non-negative book value of equity
(B) are included. Market value of equity (M) is the share price multiplied by the number of ordinary
stocks in issue. Book value of equity (B) represents common shareholders investment in a firm
excluding common treasury stock value and accumulated unpaid preferred dividends.

The excess returns on the sixteen portfolios used as dependent variables in the regressions are
calculated from these portfolios as follows. At the end of June each year t, | form four-size groups
based on end-of-June market value of equity (M) which resulted in four groups — 1 (small), 2, 3, and 4
(big) size. | form book-to-market equity (BM) groups based on BM of the fiscal year ending in year t-1.
Breakpoints are set at the four size quartiles, which resulted in four groups— 1 (low), 2, 3, and 4 (high)
BM.

For the sixteen portfolios resulting from the intersection of these independent sorts, | calculate
value-weighted monthly returns during a 12-month period from July of year t to June of year t+1.
These are the portfolios that allowed us to calculate portfolio returns. The excess returns on the sixteen
portfolios are calculated as the portfolio returns deducted by the risk freerate.

The descriptive statistics are computed when the portfolios are formed in June of each year, 1993-
2005, and are then averaged across the 13 years.

Firm size

BM 1 2 3 4 1 2 3 4 Average

Percent of average M (%) Average BM

032 101 239 3487 035 036 033 030 0.34
033 096 247 26.30 067 067 068 065 0.67
032 09 247 1275 106 104 105 105 1.05
035 102 232 1117 211 18 204 1.78 1.95
Tota 132 394 0965 85.09

A WDN B

Average number of firms Average Unadjusted return (%)
1 13 15 21 25 088 -005 026 047
2 17 20 17 19 130 012 055 086
3 23 19 16 16 089 035 09 1.06
4 21 20 20 14 120 104 114 149




Table 3B The Autocorrelation coefficients (AC) of the unadjusted portfolio returns. Singapor e 1993-2005

Thistable presents the autocorrelation coefficients (AC) for the first 12 lags of the unadjusted portfolio returns. The p-value based on Q-statistic tests the
seria correlation problem induced by infrequent trading in portfolio returns. If the p-value is higher than 0.05, the null hypothesisthat is the unadjusted portfolio
returns do not serially correlated cannot be rejected.

Lag 1 2 3 4 5 6 7 8 9 10 11 12
Portfolio
11 0.214% 0.092% 0.015% -0.035 0.014 0.030 0.006 0.030 -0.160 -0.140 -0.163* -0.067%
(0.008) (0.015) (0.039) (0.073) (0.126) (0.189) (0.272) (0.352) (0.161) (0.093) (0.038) (0.046)
12 0.261% 0.073* -0.067% -0.109° -0.050% 0.054% 0.139% 0.150* -0.149* -0.190* -0.168% -0.115%
(0.001) (0.004) (0.008) (0.008) (0.014) (0.023) (0.013) (0.006) (0.003) (0.001) (0.000)  (0.000)
13 0.2072 0.071* -0.097% -0.100* -0.016 0.093 0.123% 0.186* -0.147* -0.154* -0.205* -0.138%
(0.010) (0.025) (0.032) (0.035) (0.065) (0.067) (0.048) (0.011) (0.006) (0.003) (0.000)  (0.000)
14 0.050 0.081 -0.051 0.000 0.001 0.039 0.098 0.145 -0.147 -0.119 -0.108 -0.077
(0.533) (0.495) (0.612) (0.770) (0.874) (0.915) (0.826) (0.539) (0.312) (0.235) (0.195) (0.205)
21 0.066 0.153 -0.099 -0.060 -0.034 0.050 0.169 0.109 -0.073 -0.094 -0.179* -0.1217
(0.414) (01180 (0.122) (0.174) (0.257) (0.326) (0.119) (0.099) (0.113) (0.108) (0.034) (0.025)
22 0.165% 0.056 -0.180° -0.098% -0.051% 0.092% 0.213% 0.191* -0.167* -0.141* -0.212* -0.118%
(0.042) (0.099) (0.022) (0.025) (0.041) (0.044) (0.005) (0.001) (0.000) (0.000) (0.000) (0.000)
23 0.226% 0.046* -0.124* -0.106* -0.021% 0.062% 0.238% 0.089° -0.208® -0.161* -0.178% -0.130?
(0.005) (0.017) (0.015) (0.015) (0.030) (0.044) (0.003) (0.003) (0.000) (0.000) (0.000) (0.000)
24 0.067 02177 -0.123° 0.081* -0.034% 0.097% 0.037 0.015 -0.164* -0.087% -0.152° -0.059%
(0.405) (0.019) (0.016) (0.024) (0.043) ~(0.044) (0.068) (0.105 (0.041) (0.043) (0.0200 (0.026)
31 0.152 0.046 -0.088 -0.113 -0.053 0.034 0.253% 0.130° -0.140° -0.100° -0.198% -0.130%
(0.061) (0.146) (0.168) (0.132) (0.186) (0.261)  (0.013)  (0.008) (0.005) (0.005) (0.001) (0.001)
32 0.182% 0.069 -0.153% -0.145* -0.067% 0.088" 0.192% 01174 ©-0.118* -0.191* -0.182* -0.106%
(0.024) (0.055) (0.024)  (0.013) = (0.020) - (0.023) (0.005) ©* (0.004) - (0.003) (0.001) (0.000) (0.000)
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33

41

42

43

0.156
(0.054)
0.152
(0.060)
-0.110
(0.172)
0.095
(0.242)
0.037
(0.646)
0.090
(0.266)
0.025
(0.762)

0.018
(0.153)
0.047
(0.143)
0.208
(0.014)
0.068
(0.353)
-0.064
(0.657)
-0.040
(0.477)
0.155
(0.149)

-0.098
(0.155)
-0.116
(0.113)
-0.158°
(0.006)
-0.006
(0.554)
-0.132
(0.315)
-0.133
(0.240)
-0.075
(0.196)

-0.084
(0.175)
-0.068
(0.153)
0.0922
(0.008)
-0.017
(0.711)
-0.083
(0.328)
0.038
(0.350)
0.030
(0.306)

-0.067
(0.217)
-0.054
(0.210)
-0.035°
(0.016)
-0.034
(0.804)
-0.098
(0.294)
-0.066
(0.400)
-0.020
(0.430)

0.108
(0.179)
0.115
(0.160)
0.008%
(0.030)
-0.022
(0.880)
0.172
(0.094)
0.122
(0.278)
0.063
(0.480)

0.248
(0.009)
0.239°
(0.010)
0.0422
(0.047)
0.096
(0.797)
0.203
(0.015)
0.201°
(0.052)
0.098
(0.426)

0.211°
(0.001)
0.218°
(0.001)
0.037
(0.071)
0.119
(0.631)
0.151°
(0.007)
0.1712
(0.017)
0.060
(0.473)

-0.236°
(0.000)
-0.179°
(0.000)
0.005
(0.107)
-0.104
(0.545)
-0.1742
(0.002)
-0.209°
(0.002)
-0.107
(0.397)

-0.179°
(0.000)
-0.167°
(0.000)
0.009
(0.153)
-0.065
(0.572)
-0.142°
(0.001)
-0.143°
(0.001)
-0.083
(0.393)

-0.240°
(0.000)
-0.202°
(0.000)

-0.162
(0.066)

-0.133
(0.405)
-0.135°
(0.001)
-0.165°
(0.000)

-0.180
(0.147)

-0.118°
(0.000)
-0.091°
(0.000)

0.054
(0.083)

0.003
(0.489)
-0.086°
(0.001)
-0.059°
(0.001)

0.009
(0.198)

Figures in parentheses are the p-values based on Q-statistics.
& denotes statistical ly significant at 5% level of significance.
m represents the market portfolio.
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Table 4B The Autocorrelation coefficients (AC) of the adjusted portfolioreturns: Singapor e 1993-2005

Thistable presents the autocorrelation coefficients (AC) for the first 12 lags of the adjusted portfolio returns. The p-value based on Q-statistic tests the
seria correlation problem induced by infrequent trading in portfolio returns. If the p-value is higher than 0.05, the null hypothesis that is the adjusted portfolio

returns do not serially correlated cannot be rejected.

Lag 1 2 3 4 5 6 7 8 9 10 11 12
Portfolio
11 -0.012 0.048 -0.008 -0.042 0.006 0.024 -0.009 0.074 -0.148 -0.078 -0.131 -0.029
(0.880) (0.828) (0.943) (0.956) (0.985) (0.993) (0.998) (0.990) (0.822) (0.805) (0.631) (0.699)
12 -0.001 0.029 -0.065 -0.093 -0.037 0.038 0.102 0.174 -0.159 -0.130 -0.107 -0.089
(0.991) (0.938) (0.853) (0.711) (0.798) (0.859) (0.754) (0.340) (0.158) (0.105) (0.089)  (0.089)
13 -0.008 0.053 -0.101 -0.083 -0.026 0.082 0.073 0.211 -0.169 -0.091 -0.159* -0.100%
(0.925) (0.804) (0.569) (0.543) (0.669) (0.641) (0.646) (0.141) (0.052) (0.052) (0.022) (0.021)
14 -0.003 0.082 -0.054 0.004 0.003 0.033 0.090 0.147 -0.149 -0.107 -0.099 -0.065
(0.975) (0.595) (0.685) (0.828) (0.914) (0.948) (0.890) (0.604) (0.354) (0.296) (0.265) (0.292)
21 -0.013 0.155 -0.110 -0.056 -0.046 0.044 0.158 0.111 -0.081 -0.077 -0.167 -0.103
(0.871) (0.156) (0.135) (0.195) (0.270) (0.350) (0.154) (0.125) (0.134) (0.146) (0.058) (0.052)
22 -0.004 0.061 -0.183 -0.064 -0.051 0.069 0.178 0.193* -0.184*° -0.085° -0.180° -0.084%
(0.962) (0.751) (0.127) (0.174) (0.239) (0.276) (0.085) (0.018) (0.004) (0.005) (0.001) (0.002)
23 0.000 0.026 -0.124 -0.083 -0.017 0.019 0.228 0.095 -0.217% -0.086* -0.127% -0.101°
(0.995) (0.949) (0.477) (0.469) (0.608) (0.722) (0.104) (0.101) (0.013) (0.015 (0.010) (0.009)
24 -0.016 0.222°  -0.146% 0.093* -0.053" 0.099% 0.030% 0.026 -0.162° -0.066° -0.143% -0.0472
(0.842) (0.022) (0.012) (0.016) (0.027) ~(0.027) (0.045 (0.071) (0.028) (0.036) (0.0190 (0.027)
31 -0.005 0.038 -0.083 -0.097 -0.046 0.007 0.239 0121 -0.152* -0.052* -0.171* -0.088%
(0.953) (0.893) (0.731) (0.600) = (0.687) (0.797) (0.095) ' (0.070) (0.033) (0.045 (0.015) (0.016)
32 -0.008 0.069 -0.150 -0.113 -0.061 0.071 0.167 0.112 -0.113 -0.148* -0.139* -0.068%
(0.921) (0.691) (0.241)  (0.185) « (0.238) = (0.272) (0.101) © (0.082) - (0.066) (0.034) (0.019) (0.024)
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33

41

42

43

0.000
(1.000)
-0.003
(0.971)
0.020
(0.804)
-0.006
(0.944)
0.005
(0.954)
0.006
(0.938)
-0.006
(0.945)

0.010
(0.992)
0.044
(0.863)
0.183
(0.075)
0.061
(0.751)
-0.061
(0.748)
-0.034
(0.912)
0.156
(0.153)

-0.093
(0.719)
-0.118
(0.488)
-0.129
(0.051)
-0.011
(0.898)
-0.126
(0.385)
-0.135
(0.394)
-0.081
(0.191)

-0.062
(0.748)
-0.045
(0.602)
0.072
(0.073)
-0.013
(0.961)
-0.076
(0.416)
0.057
(0.480)
0.033
(0.296)

-0.076
(0.727)
-0.062
(0.648)
-0.027
(0.123)
-0.031
(0.979)
-0.095
(0.376)
-0.074
(0.501)
-0.024
(0.415)

0.085
(0.680)
0.091
(0.591)
0.009
(0.192)
-0.028
(0.989)
0.169
(0.132)
0.110
(0.397)
0.062
(0.469)

0.209
(0.142)
0.199
(0.143)
0.048
(0.249)
0.088
(0.952)
0.193
(0.028)
0.178
(0.127)
0.095
(0.426)

0.221°
(0.017)
0.218°
(0.018)
0.044
(0.312)
0.122
(0.807)
0.145°
(0.014)
0.169°
(0.045)
0.062
(0.470)

-0.2542
(0.001)
-0.194°
(0.004)
0.009
(0.403)
-0.111
(0.688)
-0.1742
(0.004)
-0.210°
(0.006)
-0.107
(0.393)

-0.111°
(0.001)
-0.117°
(0.003)

-0.009
(0.495)

-0.044
(0.743)
-0.130°
(0.003)
-0.112°
(0.005)

-0.075
(0.405)

-0.205°
(0.000)
-0.172°
(0.001)

-0.158
(0.264)

-0.129
(0.573)
-0.128°
(0.002)
-0.150°
(0.003)

-0.178
(0.158)

-0.076°
(0.000)
-0.069°
(0.001)

0.019
(0.332)

0.019
(0.652)
-0.079
(0.002)
-0.047°
(0.004)

0.016
(0.210)

Figures in parentheses are the p-values based on Q-statistics.
2 denotes statistically significant at 5% level of significance.
m represents the market portfolio.
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4.4 Impacts of infrequent trading on the asset pricing model parametersin
Singapore

4.4.1 The CAPM

In table 5B, panel | presents the unadjusted alphas (&, ) regressed from

the unadjusted CAPM for Singaporean firms. Unlike the Thai market, there is no
mispricing evidence of portfolio 14 and only 2 unadjusted alphas of portfolios 43 and
44 are statistically significant in the Singaporean market. One possible reason is that
the Singaporean market is more developed and likely to have less severe infrequent

trading problem than the Thai market.
Panel |1 shows the unadjusted betas (b, ) regressed from the unadjusted

CAPM. All unadjusted betas are statistically significant at 1% and the distribution of
unadjusted betas is in narrow range, only between 0.891 and 1.307. The relation
between unadjusted beta and firm size, as well as unadjusted beta and BM, is not
discernible.

Panel Il reports the adjusted-R* for the unadjusted CAPM. The
adjusted-R?s range from 29% to 81% and increase monotonicaly from smaller to
bigger portfolios. Except those of the small portfolios, the adjusted-R’s of all
portfolios value from 60% to 80%. For the small portfolios, their adjusted-R%s are
between 29% and 48% which are significantly lower than those of the other bigger
portfolios. The possible explanation is'that the small portfolios do not move

synchronously with the market portfolio due to infrequent trading.
In table 6B, panel | reports the adjusted alphas (&,™) regressed from
the adjusted CAPM for Singaporean firms. The results show that all adjusted alphas

are not statistically significant. Accordingly, the mispricing evidence of portfolios 43

and 44 disappears after adjusting for infrequent trading. Like the Thai market, the
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results seem to confirm the pattern of upwardly biased alphas for infrequently traded

stocks as in Scholes and Williams (1977).
Panel 11 shows the adjusted betas (b,™) regressed from the adjusted

CAPM. Compared with table 5B, 15 adjusted betas increase from unadjusted betas of
the unadjusted CAPM between 1% and 28%, while the only 1 adjusted beta of
portfolio 41 decreases from that of the unadjusted CAPM about 12%. Like the Thai
market, the results seem to be in accordance with the pattern of downwardly biased
betas of infrequently traded stocks as in Scholes and Williams (1977) and Dimson
(1979).

Panel 11l summarizes the adjusted-R® for the adjusted CAPM. The
adjusted-R?s range from 26% to 80% and increase monotonically from smaller to
bigger portfolios. Compared with table 5B, the adjusted-R?s of 4 portfolios of the
adjusted CAPM increase from those of the unadjusted CAPM between 0.2% and 1%,
whereas the others decrease from those of the unadjusted CAPM between 0.4% and
3%. Hence, adjusting for infrequent trading does not seem to increase much
explanatory power to the unadjusted CAPM.

In table 7B, panel | presents the alpha-difference coefficients of the

CAPM (a,,) for Singaporean firms. The result-shows that only the coefficient of

portfolio 44 is statistically significant. That is,-most unadjusted alphas are not
significantly different from adjusted aphas. However, the size of the absolute alpha-
difference is rather big ranging from 0.028% to 0.927% per month and the average
absolute apha-difference is about 0.437% per month or 5.244% per year. Hence, the
apha-differences of the CAPM are economicaly significant though they are

statistically insignificant.
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Panel Il shows the beta-difference coefficients of the CAPM (sz).

There is no coefficient that is statistically significant. The size of the absolute beta-
difference ranges from 0.016% to 0.291% per month and the average absolute beta-
difference is around 0.141% per month or 1.692% per year. Hence, the beta-
differences of the CAPM are both statistically and economically insignificant.
Considering the results of adjusted alphas and betas in table 6B and 7B,
although most of the differences between unadjusted and adjusted aphas and betas
are statistically insignificant, the differences between unadjusted and adjusted alphas
are economically significant. In addition, there is a pattern that the unadjusted alphas
may be upwardly biased and the unadjusted betas may be downwardly biased. Hence,
like the Thai market, it seems worthwhile to adjust for the impact of infrequent
trading on the alphas and betas when using the CAPM to estimate these parametersin

Singapore.
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Table 5B The unadjusted parametersregressed from the unadjusted CAPM:

Singapor e 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the unadjusted CAPM: Ry — Rt = o+ Bp(Rme — Ri) + &, Where Ry is the value weighted return on
portfolio p for month t, Ry is the risk free rate for month t, Ry, is the market return for month t, Ry-Ry;
is the excess return on portfolio p for month t, RRy is the market excess return for month t. Panel |
shows the unadjusted alpha (&p) which is the abnormal return of the model and indicate mispricing
evidence on the market. Panel Il shows the unadjusted beta or the factor loading of the market factor
(E)p). The t-statistic tests the significance of unadjusted alpha and beta. Adjusted-R? for each portfolio

isalso shown in Panel I11.

Firm size
BM 1 2 3 4 T 2 3 4
Panel | Unadjusted Alpha (&) t(d,)
1 0362 -0573 -0210 0067 0353 -0992 -0513 0.275
2 0.847 -0391 0069 0371 1094 -0810 0.168 1.309
3 0358 -0.139 0445 0585° 0518 -0298 0922 1723
4 0681 0568 0619 0974 1218 1201 1245 2713
Panel |1 Unadjusted Beta (b, t(b,)
1 1.257 1.291* 1.112° 0891° 6.439 14712 12187 12.328
2 1.048° 1.250° 1.140° 1.161° 5681 10438 9.359 13.616
3 1.307% 1.190° 1.262° 1.134° 5653 9.804 7.449 9.347
4 1.265% 1.114* 1.272° 1285 6202 7643 8270 7.935
Panel 111 Adjusted R? (%)
1 2881 6275 66.90 76.45
2 3450 60.71 62.00 80.86
3 4491 6253 6409 67.16
4 47.72° 59.03 6293 6516

@ denotes statistically significant at 1% level of significance.

¢ denotes statistically significant at 10% level of significance.
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Table 6B The adjusted parametersregressed from the adjusted CAPM:
Singapor e 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the adjusted CAPM: Ry™ — Ry = a7 + by (Ry™ — Ryy) + £, Where Ry is the value weighted
return on portfolio p for month t adjusted for infrequent trading, Ry is the risk free rate for month t,
R is the market return for month t adjusted for infrequent trading, Ry™-Ryis the excess return on
portfolio p for month t adjusted for infrequent trading, Ry -Ryis the market excess return for month t
adjusted for infrequent trading. Panel | shows the adjusted aIpha(o? adj) which is the abnormal return
of the model and indicate misprici ng ewdence on the market. Panel Il shows the adjusted beta or the
factor loading of the market factor (b ) The t-statistic tests the significance of adjusted alpha and
beta. Adjusted-R? for each portfolio is also shown in Panel 111.

Firmsize
BM 1 9 3 4 i 2 3 4
Panel | Adjusted Alpha (d,™) t(a,)
1 0058 0044 0033 -0.028 0053 0074 0074 -0.120
2 0043 0054 0041 0031 0050 0103 0087 0.109
3 0070 0.057 0055 0019 009 0111 0103 0.054
4 0037 0.020 0056 0046 0.060 0040 0103 0.115
Panel |1 Adjusted Beta (b,*') t(b,*)
1 1458° 1.348% 1.254*° 0784° 6171 14537 13.089 12.949
2 1.340° 1.428* 1.322° 1249° 6306 11.284 10.415 12.992
3 1.552% 1.452° 1.434* 1150° 5852 10633 8064 9.368
4 1.292% ~1.160% 1.442* 1364 6247 7585 8780 8178
Panel 111 Adjusted R* (%)
1 2633 6312 6586 77.45
2 34.74 . 59.72 60.66 . 81.32
3 4370 61.73 6347 6745
4 4721 5868 6250  64.44

2 denotes statistically significant at 1% level of significance.
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Table 7B The differences between the unadjusted and adjusted CAPM
parameters. Singapore 1993-2005

This table presents the differences between the unadjusted and adjusted CAPM parameters.
The dummy variables are introduced in the CAPM for the presence of infrequent trading adjustment:
Ryt — Rit = agp*0pDp+ byp(Ru — Ri))+ bop(Ri™ — Re)Dp + £, Where, Ry-Ryt is the excess return on
portfolio p for month t, R-Ry is the market excess return for month t, Ru¥-Ry i's the market excess
return for month t adjusted for infrequent trading, and Dy, is 1 for adjusted return on portfolio p for
month t ,or O for unadjusted return on portfolio p for month t. Panel | shows the apha-difference
coefficient (o?zp) which is the coefficient of trle difference between unadjusted and adjusted a phas.
Panel Il shows the beta-difference coefficient ( b2p ) which is the coefficient of the difference between
unadjusted and adjusted betas. The t-statistic tests the null hypothesis that is the unadjusted parameters
regressed from the unadjusted CAPM are statistically different from the adjusted parameters regressed
from the adjusted CAPM.

Firm size

BM 1 2 3 4 i, 2 3 4
Panel | Alpha-Difference Coefficient (., ) t(dy,)

1 -0.305 0.618 0.242 -0.094 -0.205 0.741 0420 -0.290
2 -0.804 0.446 -0.028 -0.340 -0.715 0.644 -0.047 -0.884
3 -0.287 0.196 -0.390 -0.566 -0.283 0.285 -0.547 -1.227
4 -0.644 -0.548 -0.564 -0.927° -0.780 -0.808 -0.789 -1.782
Panel Il Beta-Difference Coefficient (b,,) t(b,,)

1 0.201 0058 0.142 -0.107 0656 0453 1077 -1.132
2 0.291 0178 0.183 0.088 1.041 1.030 1.050 0.667
3 0.245 0262 0.171 0.016 0.695 1440 0.711 0.093
4 0.026 0045 0.170 0.079 0.092 0210 0.753 0341

¢ denotes statistically significant at 10% level of significance.
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4.4.2 The Fama and French (1993) three-factor model

In table 8B, panel | summarizes the unadjusted alphas («,) regressed

from the unadjusted three-factor model for Singaporean firms. The results show that
only 2 unadjusted aphas of portfolios 12 and 41 are statistically significant.
Surprisingly, the mispricing evidence appears in portfolio 41 when using the
unadjusted three-factor model to estimate the alpha while there is no mispricing
evidence of this portfolio when using the unadjusted CAPM to estimate’. However,

like the unadjusted CAPM, the mispricing evidence of portfolio 14 does not exist.
Panel Il presents the unadjusted betas (Bp) regressed from the

unadjusted three-factor model. The results are in line with the unadjusted betas of the
unadjusted CAPM in table 5B and much like those of Thai firms in table 8A.
Specifically, al unadjusted betas are statistically significant at 1% and there is no
discernible pattern between unadjusted beta and firm size, as well as unadjusted beta
and BM.

Panel 111 shows the unadjusted size coefficients (S,) regressed from
the unadjusted three-factor model. The results suggest that, like the Thai market, there
IS a negative relation between unadjusted size coefficient and firm size. The

unadjusted size coefficients of the small portfolios, which are greater than 1, seem to

be different from those of the big portfolios, which are less than 0.4.
Panel 1V presents the unadjusted BM coefficients (h, ) regressed from

the unadjusted three-factor model. The results show that unadjusted BM coefficients

appear to increase with BM as in the Thai market. Specifically, there are strongly

" These findings have not occurred in the US and UK, hence to test this pattern of the
big and low-BM portfolio and find out the reason for explaining it in other Asia Pacific
countries is interesting. But, thisissue is beyond the scope of this thesis. Hence, | leave it for
further research and hope that it will be fruitful for further research.



68
negative BM coefficients for low-BM portfolios, but strongly positive BM
coefficientsfor high-BM portfolios.

Panel V reports adjusted-R? for the unadjusted three-factor model. The
adjusted-R?s are between 73% and 90%. Given the strong size and BM coefficients, it
is not surprising that adding these two factors to the regressions results in large
increasing of adjusted-R® compared with those of the unadjusted CAPM. For the
small portfolios, the adjusted-R? significantly increase from 29%-48%, in case of the
unadjusted CAPM, to 73%-90%, in case of the unadjusted three-factor model.

Especially for portfolio 14, its adjusted-R? increases from 48% to 85%.
In table 9B, panel | reports the adjusted alphas (&,™) regressed from

the adjusted three-factor model for Singaporean firms. As expected, all alphas or
abnorma returns seem to vanish after adjusting for infrequent trading. That is,
mispricing evidence of portfolio 12 and 41 disappears. Therefore, not only the CAPM,

the three-factor model aso seemsto have the symptom of upwardly biased alphas.
Panel 11 shows the adjusted betas (b, ) regressed from the adjusted

three-factor model. Compared with table 8B, 8 adjusted betas increase from
unadjusted betas of the unadjusted three-factor model between 2% and 11%, while 8
adjusted betas decrease from unadjusted betas of the unadjusted three-factor model
between 0.9% and 13%. These results suggest that there is no discernible pattern of

downwardly biased betas of the three-factor model.
Panel 111 presents the adjusted size coefficients (8,™) regressed from

the adjusted three-factor model. Compared with table 8B, only 4 adjusted size
coefficients dightly increase from unadjusted size coefficients of the unadjusted

three-factor model between 2.6% and 3.3%, while 10 adjusted size coefficients
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decrease from unadjusted size coefficients of the unadjusted three-factor model
between 0.8% and 18%. Remarkably, most size coefficients decrease, instead of
changing unsystematically as expected, after adjusting for infrequent trading. Thus,

thereis a pattern indicating that size coefficients may be upwardly biased.
Panel 1V shows the adjusted BM coefficients (h,™*) regressed from the

adjusted three-factor model. Compared with table 8B, only 3 adjusted BM
coefficients slightly increase from unadjusted BM coefficient of the unadjusted three-
factor model between 3% and 6%, while 8 adjusted BM coefficients decrease from
unadjusted BM coefficient of the unadjusted three-factor model between 6% and 14%.
Noticeably, most BM coefficients decrease, instead of changing unsystematically as
expected, after adjusting for infrequent trading. Hence, there is a pattern indicating
that BM coefficients may be upwardly biased.

Panel V summarizes the adjusted-R® for the adjusted three-factor
model. The adjusted-R?s range from 70% to 89%. Compared with table 8B, the
adjusted-R?s of the adjusted three-factor model change from those of the unadjusted
three-factor model only between 0.1% and 3%. Therefore, like the CAPM, the results
suggest that the infrequent trading adjustment does not seem to increase much
explanatory power of the three-factor model.

In table 10B, panel | presents the apha-difference coefficients of the

three-factor model (., ) for Singaporean firms. The result shows that only the apha-

difference coefficient of portfolio 12 is statistically significant. However, the size of
the absolute alpha-difference is quite big ranging from 0.007% to 1.140% per month
and the average absolute apha-difference is about 0.340% per month and 4.080% per
year. Hence, the apha-differences of the three-factor model are economically

significant though they are statistically insignificant.
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Panel 1l reports the beta-difference coefficients of the three-factor
model (62p ). Thereisonly 1 coefficient of portfolio 41 that is statistically significant.

The size of the absolute beta-difference ranges from 0.009% to 0.144% per month and
the average absolute beta-difference is about 0.061% per month or 0.732% per year.
Hence, the beta-differences of the three-factor model are both statisticaly and
economically insignificant.

Panel 11l shows the size-difference coefficients of the three-factor

model (S,,). There is the only one coefficient of portfolio 14 that is statistically

significant. The size of the absolute size-difference ranges from 0.003% to 0.186%
per month and the average absolute size-difference is around 0.042% per month or
0.504% per year. Hence, the size-differences of the three-factor model are both
statistically and economically insignificant.

Panel 1V presents the BM-difference coefficients of the three-factor
model (ﬁzp). There is no coefficient that is statistically significant. The size of the

absolute BM-difference ranges from 0.008% to 0.144% per month and the average
absolute BM-difference is around 0.064% per month or 0.768% per year. Hence, the
BM-differences of the three-factor model are both statistically and economically
insignificant.

Given the results of the adjusted aphas, betas, size coefficients and
BM coefficients in table 9B and 10B, although most of the differences between the
unadjusted and adjusted alphas and betas are statistically insignificant, the differences
between the unadjusted and adjusted al phas are economically significant. In addition,
though there is no discernible pattern that the unadjusted betas are downwardly biased,

there is evidence indicating that the unadjusted aphas are upwardly biased. The
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results are much like those of the Thai market. Thus, it also seems worthwhile to
adjust for the impact of infrequent trading on the aphas, betas, size coefficients and
BM coefficients when using the three-factor model to estimate these parameters in

Singapore.
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Table 8B The unadjusted parametersregressed from the unadjusted three-factor
model: Singapor e 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the unadjusted three-factor model: Ry—Ri: = a,+Hop(Rm—Ri)+ S:SMBi+ hyHML+ g, where Ry is the
value weighted return on portfolio p for month t, Ry, is the risk free rate for month t, R, is the market
return for month t, R,-Ry is the excess return on portfolio p for month t, Ry-Ry is the market excess
return for month t , SMB, is the difference in returns between small and big portfolios for month t, and
HML, isthe difference in returns between high-BM and low-BM portfolios for month t.

Panel | shows the unadjusted alpha (o?p) which is the abnormal return of the model and
indicate mispricing evidence on the market. Panel 11 shows the unadjusted beta or the factor loading of
the market factor (b ). Panel 111 shows the unadjusted size coefficient or the coefficient of the size
factor (S ). Panel 1V shows the unadjusted BM coefficient or the coefficient of the BM factor (h ).
The t-statistic tests the significance of unadjusted alpha, beta, size coefficient and BM coefficient.
Adjusted-R? for each portfolio is also shown in Panel V.

Firm size

BM 1 2 3 4 1 2 3 4
Panel | Unadjusted Alpha (&, ) t(a,)

1 0.817 -0.258 -0.039 0.358° 1197 -0.629 -0.134 1.726
2 1.131° -0246 0.054 0.151 2463 -0.840 0.170 0531
3 0.328 -0.265 0.028 0.148 1007 -0.897 0.098 0.506
4 0465 0387 0291 0471 1576 1511 0900 1.342
Panel Il Unadjusted Beta (b, ) t(b,)

1 1.072% 1.227* 1.051* 0.936% 12.271 13.660 21.405 22.735
2 0.896° 1.142° 1.055% 1.132° 13931 26.494 13976 17.341
3 1.113* 1.079* 1.133* 1.079° 17581 17.448 17.725 12.409
4 1.087% 0.998* 1.144* 1.174° 18919 12273 20.340 16.357
Panel 111 Unadjusted Size Coefficient (S,) t(s,)

1 1.619* 0.685° 0.554%--0.071 9272 7.940 9453 -2.279

1.258%  0.848* 0558 0.027 7979 9263 6572 0.422
1.291* 0.653* 0538 0.023 13221 7814 6.340 0.265
1.035* 0.646* 0.609* 0.346° 13.622 6875 9414 3197

A W N
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Panel IV Unadjusted BM Coefficient (h,) t(h,)

1 0156 -0.267* -0.079 -0502*  -0.753 -2.754 -0.726 -5.097
2 0009 0070 0227 0.369° -0072 0611 1151 3.264
3 0518° 0.443* 0.878* 0.724 6.188 3.837 5350 7.602
4 0.729° 0531% 0.759* 0.949 7147 3354 8923 6.134
Panel V Adjusted R? (%)

1 7312 7911 8195 8497

2 80.80 8681 7695 8342

3 80.84 8395 86.86 7592

4 8487 8332 8530 8229

& denotes statistically significant at 1% level of significance.
b denotes statistically significant at 5% level of significance.

¢ denotes statistically significant at 10% level of significance.
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Table 9B The adjusted parametersregressed from the adjusted three-factor
model: Singapor e 1993-2005

This table presents the asset pricing model parameters estimated by running OLS regression
on the adjusted three-factor model: Ry™ — Ry = 0,™ + b, (Ry™—Ry) + §¥SMB™ + h, HML +
€, Where Rpfdj is the value weighted return on portfolio p for month t adjusted for infrequent trading,
Ry is the risk free rate for month t, Ry @ is the market return for month t adjusted for infrequent
trading, Ry™ -Ry s the excess return on portfolio p for month t adjusted for infrequent trading, Ry~
Ry is the market excess return for month t adjusted for infrequent trading, SM B is the difference in
adjusted returns between small and big portfolios for month t, and HML™ is the difference in adjusted
returns between high-BM and low-BM portfolios for month t.

Panel | shows the adjusted alpha (dpadj) which is the abnormal return of the model and
indicate mispricing evidence on the market. Panel |1 shows the adjusted beta or the factor loading of
the market factor (E)padj ). Panel 111 shows the adjusted size coefficient or the coefficient of trle size
factor (épadJ ). Panel IV shows the adjusted BM coefficient or the coefficient of the BM factor (hpad').
The t-statistic tests the significance of unadjusted alpha, beta, size coefficient and BM coefficient.
Adjusted-R? for each portfolio is also shown in Panel V.

Firm size

BM 1 2 3 4 1 2 3 4
Panel | Adjusted Alpha (d,™) t(a,”)

1 0005 0024 0014 -0022  -0007 0.057 0046 -0.117
2 -0.008 0021 0017 0026  -0019 0.076 0046 0.097
3 0010 0025 0021 0.008 0.029 0075 0.066 0.029
4 -0.007 -0.010 0.022 0020 -0.023 -0.034 0065 0.059
Panel I Adjusted Beta (b,™) t(b,)

1 0961 1.191* 1.105* 0.832 7.903 13.700 18.470 23.518
2 0.935% 1.168* 1.135° 1.209°  12.802 20.936 14.499 16.344
3 1.075% 1.193% 1.168* 1.069° 15253 14.132 16535 11.849
4 0.942% <~ 0.924% | 1.172° © 111607 ' 12.853 12994 16.899 14.752
Panel 111 Adjusted Size Cogfficient (5,) t(58,)

1 1.587% © 0.576° 0.511%  -0.029 9.711 ' 8487 10.612 -1.246

1.291* 0.810° 0537 0.014 8.173 10.006 6.156 0.250
1.281* 0.674* 0540 0.029 14269 8504 6.688 0.446
0.849° 0564 0.594° 0.333% 15714 6.138 9.715 3.852

A W N
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Panel IV Adjusted BM Coefficient (h,™) t(h,*)

1 -0.131 -0.259° -0.139 -0.358°  -0565 -2589 -1.180 -4.834
2 -0.108 -0.006 0.124 0323  -0659 -0.042 0575 2.999
3 0581 0.383* 0.827° 0.646 6.238 2776 4841 6.706
4 0.687%° 0.487% 0.717*° 0.876 6.667 3504 7.792 5691
Panel V Adjusted R? (%)

1 7037 7954 8106 84.17

2 80.14 8660 74.86 8338

3 80.47 8269 8597 7611

4 8281 8341 8477 8153

@ denotes statistical ly significant at 1% level of significance.
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Table 10B The differences between the unadjusted and adjusted three-factor
model parameters. Singapore 1993-2005

This table presents the differences between the unadjusted and adjusted three-factor model
parameters. The dummy variables are introduced in the three-factor model for the presence of
infrequent trading adjustment: Ry — Ry = agy*+ agoDp+ bip(Ryy — Ri)+ bap(Rut™ — Ri)Dp+ $1,SM B+
SpSMBD, + hyy HML+ hyHMLMD,+ gy, Where, Ry-Ry is the excess return on portfolio p for
month t, Ry-Ry is the market excess return for month t, Ry-Ry is the market excess return for month t
adjusted for infrequent trading, SMB; is the difference in returns between small-size and big-size
portfolios for month t, SMB® is the difference in adjusted returns between small and big portfolios for
month t, HML, is the difference in returns between high-BM and low-BM portfolios for month t,
HML ™ is the difference in adjusted returns between high-BM and low-BM portfolios for month t, and
D, is 1 for adjusted return on portfolio p for month t ,or O for unadjusted return on portfolio p for
month t.

Panel | shows the alpha-difference coefficient (052p ) which is the coefficient of the difference
between unadjusted and adjusted alphas. Panel |1 shows the beta-difference coefficient (bzp) which is
the coefficient of the difference between unadjusted and adjusted betas. Panel |1l shows the size-
difference coefficient (Szp) which is the coefficient of the difference between unadjusted and adjusted
size factors. Panel 1V shows the BM-difference coefficient (h ) which is the coefficient of the
difference between unadjusted and adjusted BM factors. The t- statlstlc tests the null hypothesis that is
the unadjusted parameters regressed from the unadjusted three-factor model are statistically different
from the adjusted parameters regressed from the adjusted three-factor model.

Firm size

BM 1 2 3 4 1 2 3 4
Panel | Alpha-Difference Coefficient (¢, ) t(ay,)

1 -0.822  0.283 0.052 -0.379 -0.857 0477 0.129 -1.415
2 -1.140°  0.268 -0.037 -0.125 -1.886 0.678 -0.077 -0.332
3 -0.318 0.288 -0.007 -0.139 -0.662 0.652 -0.015 -0.355
4 -0473 -0.397 -0.269 -0.450 -1.123 -1.042 -0.584 -0.897
Panel Il Beta-Differenice Coefficient (bj, ) t(b,,)

1 0111 -0.035 0.054 -0.103" -0.722 -0.287_ 0.710 -1.961
2 0.039-. 0.026 --0.080. - 0.078 0.400 - 0.357 - 0.746 0.789
3 -0.038 0.114 0.035 - -0.009 -0.400 = 1.058  0.377 -0.077
4 -0.144 -0.074 0.028 -0.014 -1559 -0.664 0.322 -0.130
Panel 11 Size-Difference Coefficient (S,, ) t(S,)

1 -0.032 -0.110 -0.043 0.041 -0.131 -1.012 -0.568 1.038

0.032 -0.037 -0.021 -0.013 0.145 -0.304 -0.169 -0.147
-0.010 0.022 0.003  0.006 -0.073 0.180 0.022 0.057
-0.186° -0.081 -0.015 -0.013 -1.976 -0.614 -0.163 -0.092

A WN
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Panel IV BM-Difference Coefficient (h,,) t(h,,)

1 0.025 0008 -0060 0.144 0078 0057 -0.371 1.112
2 0099 -0.076 -0.103 -0.047  -0488 -0.421 -0.348 -0.295
3 0.063 -0.060 -0.052 -0.078 0520 -0.337 -0.215 -0.569
4 -0.043 -0.043 -0.042 -0073  -0.298 -0.204 -0.329 -0.330

® denotes statistically significant at 5% level of significance.
¢ denotes statistically significant at 10% level of significance.



CHAPTER YV

CONCLUSION AND AREAS FOR FUTURE RESEARCH

5.1 Conclusion

Infrequent trading is one of the typical characteristics of emerging markets. In
Thailand, an infrequent trading problem is explicitly recognized by the authority.
Using a k-factor asset pricing model without taking into account of infrequent trading
can lead to a biased result. However, direct empirical evidence on the relationship
between the asset pricing model parameters and infrequent trading in emerging
markets seems sparse at best. Hence, this thesis attempts to directly examine the
potential impact of infrequent trading on the estimated asset pricing model parameters
in an emerging market, namely Thailand. As a comparison sample, Singaporean data
are also employed. The empirical results show that, in both the Thai and Singaporean
markets, the results adjusted for infrequent trading are consistent with previous
studies. Both alphas and betas in the CAPM. show a discernible pattern that these
parameters estimated by the traditional method are biased and subject to infrequent
trading. Specificaly, unadjusted alphas of infrequently traded stocks are upwardly
biased while unadjusted betas are downwardly biased. After adjusting for the
infrequent trading impact on these parameters by using the Miller et al. (1994) method,
all aphas or mispricing evidence seem to disappear while adjusted betas increase
relative to unadjusted betas. Moreover, the Miller et al. (1994) method seems to
aleviate the problem of serial correlation in portfolio returns. Although most of the
differences between unadjusted and adjusted alphas and betas are statistically
insignificant, the differences between unadjusted and adjusted alphas are

economically significant. Thus, it seems worthwhile to adjust for the impact of
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infrequent trading on the alphas and betas when using the CAPM to estimate these
parameters in both Thailand and Singapore.

For the adjusted three-factor model, the results are much like those with
application to the CAPM in both the Thai and Singaporean markets. Specifically, the
results suggest that there is a discernible pattern of upwardly biased alphas though
there is no discernible pattern of downwardly biased betas. Moreover, the Miller et a.
(1994) method seems to alleviate the problem of serial correlation in portfolio returns.
Although most of the differences between the unadjusted and adjusted alphas and
betas are statistically insignificant, the differences between the unadjusted and
adjusted alphas are economically significant. Thus, not only for the CAPM, it seems
worthwhile to adjust the impact of infrequent trading on the alphas, betas, size and
BM coefficients when using the three-factor model to estimate these parameters in
both Thailand and Singapore.

The results of addressing the problem of infrequent trading on the asset pricing
model parametersin the Thai market are in line with those of the Singaporean market.
The implication is that the problem of infrequent trading seems to affect the estimated
parameters in both an emerging market (i.e. Thailand), ahd a more devel oped market
(i.e. Singapore). Accordingly, it seems worthwhile to adjust for the impact of
infrequent trading on the estimated parameters when using the CAPM and the three-

factor model in both Thailand and Singapore.
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5.2 Areasfor futureresearch

Like other research in finance, this thesis aso has a limitation. This thesis is
subject to time constraint. Thailand is only one of severa emerging markets in Asia
Pacific. Applying the theoretical framework and methodology adopted in this thesisto
other emerging markets in this region will provide evidence that will supplement the
analysis conducted in this thesis.

Another interesting finding in this thesis is the mispricing evidence of the big
and low-BM (41) portfolio in the Singaporean market, which contradicts with the US
and UK markets in which the mispricing evidence occurs in the small and high-BM
(14) portfolio. Hence, this finding challenges the future research to find out that
whether or not this mispricing evidence also occurs in both other emerging and
developed markets in the Asia Pecific region. This will potentially yield new

important insights into the return generating process in the region.
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Appendix A

An example of infrequent trading recognized by
the Stock Exchange of Thailand (SET)
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Appendix B
Summary of percentage of infrequently traded stocks on the SET
(Examplesfor the period 2000-2005)

For each month cohort from January 2000 to December 2005, | count the
number of stocks that do not experience a monthly price change as infrequently traded
stocks. Suspended (SP) stocks are excluded from my samples. This following table
summarizes percentage of infrequently traded stocks in each month for the Thai
market. To illustrate, there is about 7.39% of all stocks in the market which are not
traded in January 2005, and the average percentage of infrequently traded stocks for
the year 2005 is 8.41. The results show that the monthly average percentage of
infrequently traded stocks is between 6.32 and 12.61. Surprisingly, these results show
that the infrequent trading problem in Thailand appears to be less severe than in the

UK which has the average percentage of non-trading stocks around 43.69 (see Clare

et a., 2002).
Unit: percent (%)
Month/Y ear 2000 2001 2002 2003 2004 2005
Jan 9.46 13.25 9.62 15.52 7.65 7.39
Feb 7.09 11.51 7.03 8.61 7.30 7.64
Mar 8.70 13.91 7.05 5.04 6.74 4.36
Apr 10.10 12.91 6.05 5.29 8.04 5.31
May 10.07 14.52 11.39 6.76 5.56 9.09
Jun 12.16 9.87 7.62 5.29 8.71 11.08
July 14.19 7.62 8.75 4.39 12.93 7.19
Aug 17.23 9.60 7.79 4.06 8.16 8.55
Sep 15.54 6.25 7.14 5.49 5.99 7.09
Oct 15.49 10.20 11.42 5.76 7.42 10.14
Nov 16.39 9.18 9.54 5.11 8.38 9.60
Dec 14.95 1.77 9.48 4.49 10.92 13.49

Average 12.61 10.55 8.57 6.32 8.15 8.41
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Appendix C

Comparativetotal turnoversof the SET and the SES, 2001-2005

e | =

2001 1,577,758 3,230,062

2002 2,047,442 2,910,426

2003 4,670,281 3,970,860

2004 5,024,399 4,497,280

2005 4,031,240 5,030,363
Average 3,470,224 3,927,798
Avg. Daily T/O** 14,164 15,711

Note: 1.* Using BOT exchange rate as of 30/12/2005 (S$1: Baht 24.5187)
2.** Avg. Daily T/O stands for Average Daily Turnover.
3. Average daily turnover is equal to average turnover divided by numbers
of trading day which are 245 for the SET and 250 for the SES.

This table presents total turnovers of the Stock Exchange of Thailand (SET)
and the Stock Exchange of Singapore (SES) for the year 2001-2005. The results show
that, on average, the SES's turnover is higher than SET’s turnover athough the
turnovers of the SET for the year 2003 and 2004 are higher than those of the SES. The
SES's average daily turnover is‘dso higher than the SET's average daily turnover.
Hence, one would expect the Singaporean market to have more liquidity than the Thai
market. This seems to suggest that the Singaporean market has a less severe

infrequent trading problem than the Thai market.
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Appendix D

Thedistribution of firmsin thefirm size-BM portfolios
Thailand, 1993-2005

Panel A: The nine size-BM portfolios

Port 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993
SL 26 24 27 19 26 13 18 20 12 13 8 12 15
SM 22 18 15 21 14 13 15 16 14 18 21 15 10
SH 99 93 80 76 71 56 53 53 69 57 51 46 30
ML 59 50 38 39 36 24 26 26 28 21 22 19 20
MM 27 24 30 26 19 21 16 15 23 19 12 18 10
MH 33 40 38 215 39 24 30 34 31 35 35 25 17
BL 84 80 76 75 65 56 54 ol 69 66 62 52 28
BM 35 34 25 19 29 13 17 20 17 14 12 9 11
BH 37 21 22 22 17 13 il5 14 9 8 6 12 16
Tota 422 384 351 332 316 233 244 253 272 251 229 208 157
Note Port XX, where X; represents size: S=Small, M= Moderate, B=Big

X5 represents BM: L=Low, M=Medium, H=High

Panel A presents the average number of firms in each portfolio of the nine
size-BM portfolios for the Thai market during 1993-2005. For instance, on average,
there are 26 firms in the small and low-BM (SL) portfolio while the number of firms
in the big and high-BE/ME (BH) portfolio is 37 for the year 2005. The total firms for

the year 2005 are 422.
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Panel B: The sixteen size-BM portfolios

Port 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993

11 9 9 11 11 8 7 8 5 2 2 3 4 5
12 11 9 8 9 12 5 9 13 10 8 7 10 7
13 29 17 21 25 21 13 20 20 20 20 20 18 14

14 57 61 48 38 38 32 24 25 36 33 27 20 13

21 18 22 15 12 14 7 7 13 10 7 6 6 8
22 28 23 26 23 19 16 20 8 14 17 13 13 12
23 30 31 26 19 23 23 14 16 22 17 18 14 7
24 29 20 20 29 23 13 20 26 22 21 20 18 12

31 32 24 25 22 17 14 15 15 18 13 16 16 14
32 34 35 26 27 30 17 19 24 22 23 19 15 8
33 24 25 23 22 18 17 14 16 19 19 15 10 9
34 15 12 14 12 14 10 13 8 9 8 7 11 8

41 47 41 37 38 40 30 31 30 38 41 31 26 13
42 32 29 28 24 18 20 18 18 22 14 20 14 11
43 22 23 17 17 17 6 13 11 6 6 4 10 10
44 5 3 6 4 4 3 4 5 2 2 3 3 6

Total 422 384 351 332 316 233 244 253 272 251 229 208 157

Note Port Y,Y, where Y represents size: 1=firms of percentile 1-25, 2= firms of percentile 26-50
3= firms of percentile 51-75, 4= firms of percentile 76-100

Y, represents BM:- 1=firms of percentile 1-25, 2= firms of percentile 26-50
3= firms of percentile 51-75, 4= firms of percentile 76-100

Panel B presents the average number of firms in each portfolio of the sixteen
size-BM portfolios for the Thai market during 1993-2005. For instance, on average,
there are 9 firmsin the small and low-BM (11) portfolio while the number of firmsin

the big and high-BM (44) portfolio is 5 for the year 2005.
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Thedistribution of firmsin thefirm size-BM portfolios
Singapor e, 1993-2005

Panel C: The nine size-BM portfolios

Port 2005 2004 2003 2002 2001 2000 1999 1998 1997 199 1995 1994 1993

SL 52 58 51 49 46 29 23 26 28 27 18 17 9
SM 47 31 34 33 31 22 20 16 16 16 10 5 10
SH 96 80 72 73 58 39 42 42 35 27 19 17 19

ML 63 55 56 51 47 30 27 26 29 26 15 15 13
MM 34 32 25 27 25 1§ 17 14 14 11 4 5 4
MH 69 58 55 55 44 35 28 32 24 23 21 14 16

BL 107 81 73 77 62 44 47 44 33 27 21 13 22
BM 30 33 31 29 21 18 11 18 15 13 12 12 7
BH 58 56 54 49 52 28 27 22 31 30 14 14 9

Total 556 484 451 443 386 256 242 240 225 200 134 112 109

Note Port XX, where X; representssize  : S=Small, M= Moderate, B=Big
Xorepresents BM - L=Low, M=Medium, H=High

Panel C presents the average number of firms in each portfolio of the nine
size-BM portfolios for the Singaporean market during 1993-2005. For instance, on
average, there are 52 firms in the small and low-BM (SL) portfolio while the number
of firmsin the big and high-BM (BH) portfolio is 58 for the year 2005. The total firms

for the year 2005 are 556.
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Panel D: The sixteen size-BM portfolios

port 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993

11 23 24 23 22 17 4 11 11 12 12 5 1
12 29 19 27 27 25 22 14 14 14 13 11 5
13 47 41 39 33 28 22 15 17 17 13 9 9
14 40 37 24 29 27 16 21 18 13 12 9 12

w

21 31 24 21 21 18 14 8 12 9 14 10 5
22 34 36 26 28 27 16 15 16 20 15 8 7
23 34 32 32 28 31 14 18 18 12 9 4

24 40 29 33 33 20 20 19 14 15 12 11

(0]

31 33 35 34 26 28 21 22 13 20 8 9
32 44 31 28 26 21 13 12 13 7 13 5
33 24 24 19 27 16 16 16 15 15 12 11
34 38 31 32 32 2t 14 10 19 14 17 8

41 52 38 36 42 34 25 20 24 16 16 10
42 33 35 30 29 23 13 19 17 14 9 9
43 33 24 23 23 21 12 11 10 13 16 9
44 21 24 24 17 19 14 JA N 9 14 9 6

U1 N O NO O D ©O[00Ww 0 O|o O N
[
-

Total 556 484 451 443 386 256 242 240 225 200 134 112 109

Note Port Y,Y, where Y represents size: 1=firms of percentile 1-25, 2=firms of percentile 26-50
3= firms of percentile 51-75, 4= firms of percentile 76-100

Y, represents BM: 1=firms of percentile 1-25, 2= firms of percentile 26-50
3= firms of percentile 51-75, 4= firms of percentile 76-100

Panel D presents the average number of firms in each portfolio of the sixteen
size-BM portfolios for the Singaporean market during 1993-2005. For instance, on
average, there are 23 firms in the small and low-BM (11) portfolio while the number

of firmsin the big and high-BM (44) portfolio is 21 for the year 2005.
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