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CHAPTER 4 

DATA AND METHODOLOGY 

 

This chapter is a description of the data and the methodology used to empirically test the 

hypotheses developed in Chapter 3.  Section 4.1 introduces the IPO selling procedures in 

Taiwan and section 4.2 describes the data and summary statistics.  Section 4.3 describes the 

methodology used to examine the determinants of IPO selling methods and their impacts on 

IPO underpricing. 

 

4.1 IPO selling procedures in Taiwan 

In December 1995, Taiwanese IPO auction is introduced to distribute shares.  Issuers in 

Taiwan have been able to adopt either a pure fixed-price offering or a hybrid auction, in 

which a discriminatory auction precedes a follow-on fixed-price offering, to distribute IPO 

shares.  The auction provides the issuing firms an alternative to distributing IPO secondary 

shares.8  Before the introduction of this hybrid auction, underwriters and issuing firms in 

Taiwan have traditionally used the fixed-price method to distribute IPO shares.  Issuers and 

underwriters have to inform the Taiwan Securities Dealers Association of the IPO method 

they select for roughly three weeks prior to the conduction of an IPO. 

In a fixed-price offering, underwriters will look at comparable firms and set issue prices 

based on a reference price coming out from the pricing formula prescribed by the Security 

and Futures Commission in Taiwan.9  The size of order that an investor can subscribe 

                                                 
8 The pure fixed-price method is valid for distributing either primary or secondary shares, while the 
sequential hybrid is valid only for distributing secondary shares. 
9  The pricing formula for an IPO reference price is as follows:  RP = EPSp*(P/Ec)*0.4 + 
(Dp)/(DYc)*0.2 + BV*0.2 + (Df)/(I)*0.2; RP is the reference price; EPSp is the past three-year average 
earnings per share of the issuing firm; P/Ec is the average past three-year price-earnings ratio either of 
comparable firms or of the market, whichever is lower; Dp is the average past three-year dividends per 
share of the issuing firm; DYc is the average past three-year dividend yield either of comparable firms 
or of the market, to be consistent with the adopted P/Ec; BV is the recent book value per share of the 
issuing firm; Df is the forecasting current year’s dividends per share of the issuing firm; I is the interest 
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normally ranges from one to three lots (1,000 shares per lot).10 If over-subscription occurs, 

underwriters adopt lottery to allocate shares.  The fixed-price offering will last about one 

calendar week, and the IPO date is two weeks later.  Figure 4.1 depicts the timing of the 

fixed-price offering selling procedure. 

 The Taiwanese auction procedure is a market-driven mechanism, giving the decision 

making to investors.  Under this sequential hybrid auction, an issuer will put 50% of IPO 

shares in an auction, and following this with a fixed-price offering to distribute the remaining 

shares, including shares not sold out in the auction.  Prior to the conduction of 

discriminatory auction, the underwriter and issuer announce the number of shares to be 

auctioned, the minimum acceptable price and the possible price range (such as from the 

minimum acceptable price to 1.5 times of it) for the subsequent fixed-price offering price.11  

Each eligible investor can submit one or multiple price/quantity bids, just as in a sealed-bid 

auction, up to 3% of total IPO shares, i.e. 6% of auctioned shares.  The submission period 

normally lasts one calendar week. 

On the next business day following the auction closing date, the Securities Dealer 

Association computes a cumulative demand curve.  The Association will fill orders with 

higher bidding prices first until distributing out all auctioned shares.  The Association will 

randomly fill orders with the same bidding price.  Each winning bidder pays what he bids.  

If under-subscription occurs, the issuing firms will lump unsold shares with the 50% of shares 

originally designated for the subsequent fixed-price offering to be conducted about 3 calendar 

weeks later after the discriminatory auction. 

                                                                                                                                            
rate on a one-year fixed deposit. 
10 Institutional investors are allowed to subscribe to shares of fixed-price offerings, but they are 
generally not interested in fixed-price offerings because of constraints on order size.  Never has an 
institutional investor in our IPO sample subscribed to shares of either pure fixed-price offerings or 
follow-on fixed-price offerings. 
11 Prior to 2000, the maximum price range that issuing firms were allowed to set was from the 
minimum acceptable price to 1.5 times the price; in 2000, the number 1.5 was adjusted to 1.3.  All our 
IPO sample firms set their possible price ranges corresponding to the maximum price ranges. 
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After the first stage of selling procedure, the Association will announce the schedule of 

price/quantity for each individual winning bid, the identity of each winning bidder and the 

offer price for the subsequent fixed-price offerings.  The pricing rule for subsequent 

fixed-price offerings is as follows:  if bidding prices for all winning bids in the auction are 

above the maximum price of initial price range, the underwriter will set the maximum price as 

the offer price.  On the other hand, if not, the underwriter will first eliminate winning bids 

with bidding prices greater than the maximum price, and then set the offer price at the 

quantity-weighted price calculated with the remaining winning bids.  In addition, if investors 

under-subscribe in auctions, the underwriter will set the base price as the offer price for the 

subsequent fixed-price offerings.  All winning bidders always pay what they bid. 

The underwriter will conduct the subsequent fixed-price offerings about 3 calendar 

weeks later after the announcement date of auctions results.  The offer selling procedure is 

similar to the fixed-price offering procedure.  The fixed-price offering will last one calendar 

week.  IPO date is two calendar weeks from the closing date of fixed-price offering.  Figure 

4.2 depicts the timing of the hybrid auction selling procedure. 

 

4.2 Data and summary statistics 

 This thesis analyzes Taiwanese firms going public with secondary shares during the 

period from December 1996 through December 2000.  Table 4.1 presents the summary 

statistics for both samples of fixed-price offering and auctions.  There are 280 fixed-price 

offering IPOs.12  Of the 280-issue sample, 62 issues initially began trading on the Taiwan 

Stock Exchange and 218 issues on the over-the-counter (OTC) market.  During the same 

time period, there were 84 Taiwanese sequential hybrid auctions.  Of the 84 hybrids, 47 

initially began trading on the Taiwan Stock Exchange and 37 on the OTC market.  This 

                                                 
12 This is the number of IPOs after excluding closed-end mutual funds, Taiwan Depository Receipts, 
and three pure fixed-price offerings in which firms issue primary shares. 
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thesis acquires the sample data through the Taiwan Securities Dealers Association. 

 We notice that of the 280 fixed-price offerings, 131 IPOs represent high-tech firms, 

while 149 issues are traditional firms.  On the other hand, of the 84 sequential hybrids, 45 

IPOs represent high-tech firms, while 39 issues are traditional firms.  Most firms of either 

type are inclined to adopt the pure fixed-price offering procedure.  The distribution of our 

IPO sample is as follows: 4 IPOs in 1995, 63 in 1996, 27 in 1997, 62 in 1998, 110 in 1999, 

and 98 in 2000; only in the year of 1997 does the number of IPO auctions exceed the number 

of pure fixed-price offerings, reflecting the fact that IPO auctions are not so popular as pure 

fixed-price offerings. 

 We also observe that larger issues are more apt to be distributed through auctions, while 

smaller issues tend to be distributed through fixed-price offerings.  The average IPO amount 

in hybrid offerings is NT$ 1,692 million, versus NT$ 394 million in fixed-price offerings.  

Also, auctions have a greater average sales amount and a larger equity book value than 

fixed-price offerings.  The fraction of equity sold through auctions is also larger than that 

through fixed-price offerings.  These univariate results suggest that larger firms or firms 

selling a greater fraction of their equity are more likely to opt for auctions as the IPO method, 

which is consistent with the predictions of the Chemmanur and Liu’s (2002) model.  

However, the average book value of assets and the average age (that is, the number of years 

from the inception of a firm to its IPO year) are higher for pure fixed-price offerings than the 

statistics for hybrid issues.  These results are not quite consistent with Chemmanur and Liu 

(2002), who predict that IPO auctions will be the optimal choice for older firms. 

 

4.3 Methodology 

This section will introduce the methodology of the empirical tests on the hypotheses 

developed above against Taiwanese issuing firms. 
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4.3.1 Market condition variables and initial returns 

 To capture the stock market conditions, we construct three market condition variables:  

market index returns, initial returns of recent IPOs, and market return volatility.  This thesis 

retrieves the return data from the data bank of the Taiwan Economic Journal.  For each 

individual offering, this research (following Derrien and Womack (2003)) first constructs a 

three-month weighted market index return variable as a weighted average of the buy-and-hold 

returns of the Taiwan Stock Exchange value-weighted index in the three months before 

issuers’ choice date of IPO selling methods, which is about three weeks prior to the offer date.  

The weights are three for the most recent month, two for the next, and one for the third month 

before the choice date.  Then divide this weighted sum by six to get a weighted monthly 

market return. 

 Next, we examine the initial returns of recent IPOs.  Similarly, we construct a 

three-month weighted average of initial returns of recent IPOs.  For each individual offering 

we calculate the monthly (arithmetic) average initial return of recent IPOs for each of the 

three months before issuer’s choice date; and we construct a three-month weighted initial 

return variable as a weighted average of the calculated monthly average initial returns in the 

three months before the choice date.  The weights are three for the most recent month, two 

for the next, and one for the third month before the choice date. 

 Finally, for each individual offering we construct a three-month weighted market 

volatility (standard deviation) variable, which is the weighted average of monthly volatility of 

the Taiwan Stock Exchange value-weighted index in the three months before issuers’ choice 

date of IPO selling methods.  The weights are three for the most recent month, two for the 

next, and one for the third month before the choice date. 

 In addition, we calculate the initial returns of our IPO sample.  Because of a daily price 



 29

limit of 7% imposed on securities traded in the Taiwanese stock markets, a security’s price 

may therefore continue to hit the limit several days after the IPO date; therefore to account for 

the impact of price limit regulations on the measure of initial returns and to benchmark initial 

returns relative to the market, we employ the following formula to calculate IPO initial 

returns:  

( ) ( ) 0000 // MMMPPP tt −−− ; tP  is the closing price of the day when the security 

closing price does not hit the limits for the first time since IPO date, and tM  is the 

corresponding closing price of the Taiwan Stock Exchange value-weighted Index on that day; 

0P  is the offer price; 0M  is the closing price of the Taiwan Stock Exchange value-weighted 

Index on the day preceding the IPO date.  Besides, to account for the effect of the time delay 

between IPO offer date and IPO date on under-pricing, for each offering we derive an 

adjusted initial return by adjusting the initial return calculated above against the market 

movements over this time-delay period. 

 Table 4.2 presents the summary statistics of market condition variables and initial 

returns of our IPO sample.  The mean market index return prior to the choice date of IPO 

methods is equal to -0.85% for pure fixed-price offers, while it is equal to -0.05% for auctions; 

next, the average standard deviation of market returns in the intervening period is equal to 

1.76% for fixed-price offerings, while it is equal to 1.55% for auctions; finally, the mean 

initial return of recent IPOs is equal to 15.03% for pure fixed-price offers, while it is equal to 

20.08% for auctions.  These statistics of market condition variables prior to the choice date 

of IPO methods indicate that when recent market volatility is relatively high, issuers will 

prefer fixed-price offerings to auctions. 

 Table 4.2 also shows that auctions have an average initial return of 21.13% without 

adjusting market returns for the period of auction closing date to IPO date and of 21.86% with 

adjusting market returns, while fixed-price offers have an average initial return of 16.86% and 
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of 16.31%, respectively, without and with adjusting market returns for the period of offer date 

to IPO date.  The results show IPO auctions are not less under-priced than fixed-price 

offerings, casting doubt on the conclusion that IPO auctions might lead to less under-pricing.  

Our results are not consistent with the findings of Derrien and Womack (2003) using French 

IPOs; instead, they are consistent with Chowdhry and Sherman (1996), who predict more 

under-pricing when the offer price is set farther in advance, as in the case of Taiwanese IPO 

auctions.  In addition, for IPO auctions the standard deviation of initial returns with and 

without adjustments of the market returns over time-delay period, are respectively, 29.49% 

and 26.32%, which are less than their counterparts in fixed-price offerings.  Section 5.2 will 

report results of a further examination on initial returns and the choice of IPO methods. 

 

4.3.2 Binary probit 

The summary statistics in Tables 4.1 and 4.2 indicate that the IPO method issuers select 

seems consistent with both firm characteristics and market conditions, as predicted by 

theories.  The results lead us to conjecture whether firm characteristics or prevailing market 

conditions have a stronger influence on the choice of IPO methods among issuing firms.  To 

answer this question, this thesis utilizes a binary probit analysis.  

Binary Probit analysis is used to denote a regression model in which the dependent 

variable y is a binary variable taking the value of 1 if the event occurs and 0 otherwise. 

Suppose that there is an unobserved *
iy that is linearly related to x: 

iii uxy +′= β*                      (5) 

where ix  is the explanatory variable, β estimates the set of coefficients, and iu  is a normal 

random disturbance.  Then the observed dependent variable is determined by whether 

*
iy exceeds a threshold value: 



 31

1=y  if 0* >iy  

0=y  otherwise                  (6) 

In this formula, ixβ ′  is ( )ii xyE |*  as in the linear probability model.                      

From equation (5) and (6) we get 

( ) ( )iii xuprobyprob β ′−>== 1  

( )ixF β ′−−= 1              (7) 

where F is the cumulative distribution function for u. 

 In this case the observed values of y are just realizations of a binomial process with the 

probabilities given by ( )ii xyE |*  and carrying from trial to trial (depending on ix ).  Hence, 

the likelihood function is 

( ) ( )[ ]∏∏
==

′−−′−=
10

1
ii y

i
y

i xFxFL ββ      (8) 

 

For dependent variables, we set 1=y  if an IPO auction is chosen; and 0=y  if a 

fixed-price offering is chosen.  For independent variables, we capture firm/IPO 

characteristics in Table 4.1:  Ln_amt, Fra_ipo, Hi_tech, Ln_sale ,and Age; Ln_amt is the 

variable of IPO amount (actually the natural logarithm of IPO proceeds); Fra_ipo is the 

fraction of equity a firm puts at an IPO; As Miller (1977) argues that uncertainty and risk 

imply divergence of opinions, we include Hi_tech, which is equal to 1 if the firm is a 

high-tech firm, and 0 otherwise, as a proxy for the divergence of opinions.  

Ln_sale is the natural logarithm of the yearly sales preceding the IPO year.  Age is the 

number of years from the inception of a firm to its IPO year.  Chemmanur and Liu (2002) 

predict that if a firm is older, larger, with a well-known product, or suffers from low levels of 

information asymmetry, IPO auction is an optimal choice.  The predictions of Sherman 

(2003) are similar.  Therefore, we include Ln_Sale and Age as a control variable to compare 
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our model. 

 We also adopt the market condition variables in Table 4.2:  Mkt_rtn, Mkt_vol, and 

Ir_cipo.  Mkt_rtn is the average market index return as constructed previously; Mkt_vol is 

the standard deviation of market index returns also as constructed previously; and Ir_cipo is 

the average initial return of recent IPOs before the choice date of IPO methods.  Mkt_rtn and 

Ir_cipo are directly related to our hypotheses.  Since Benveniste and Busaba (1997) predict 

that a firm with more price uncertainty is more likely to prefer a fixed-price offering, we also 

include Mkt_vol as a control variable. 


