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Abstract 
This paper contributes to the wide area of studies about IPO underpricing, questioning the 
impact of institutional and legal factors. The influence of stock market development and 
banking regulation is tested using a sample of 8 CEE countries over the period of 1995-2006. 
This sample did not show up in previous literature about IPO underpricing. It was found that 
there is a positive influence of stock market development on the level of IPO underpricing. 
However, no clear conclusion could be made regarding the impact of banking regulation. 
This area of studies might be of particular interest for foreign investors and companies aiming 
at entering the equity capital market of the CEE region and interested in understanding the 
processes prevailing on the market. 
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1 Introduction 

Underpricing of initial public offerings (IPOs) as pointed out by Hopp and Dreher (2007) is a 

“phenomenon prevailing almost in all equity markets”. This phenomenon relates to the fact 

that shares during an IPO are offered to investors at a price lower than their price formed by 

the end of the first trading day1 (Hopp & Dreher, 2007 and many other earlier papers). It 

might seem that the offering procedure leads to market inefficiency due to mispricing of the 

asset, i.e. a company’s equity. 

 That is, in case of IPO underpricing, although the investors participating in the IPO 

are made better-off earning positive initial return, the company owners are made worse-off – 

“shares sold for personal account are sold at too low a price, while  the value of shares 

retained after the IPO is diluted” (Ljungqvist, 2006). Potentially, the firm could have raised 

more money than it really did by allowing a higher offer price. According to Ljungqvist 

(2006) each year only in the U.S. companies leave on the table billions of dollars2 during an 

IPO. What is the reasoning then behind IPO underpricing observed in equity markets? 

 Ljungqvist (2006) summarizes the theories concerning the issue in question and 

groups them into four categories according to the provided explanations. These fields are: 

control, behavioural, asymmetric information, and institutional explanations of underpricing 

in equilibrium. The latter category is of particular interest and, therefore, will be discussed in 

detail in the next section. Ownership and control theories argue that the arising agency 

conflicts between the inside and outside shareholders explain IPO underpricing. Behavioural 

models mainly assume that irrational investors are present on the market and drive the price 

of stock up. So far both control- and behavioral-related explanations have not been well-

studied as noted by Ljungqvist (2006). 

 Asymmetric information theories (which Ljungqvist (2006) names the most 

established among the four categories) assume that one of the parties involved in the IPO – 

issuing firm, underwriter, or potential investors – has more information than the other parties. 

Thus, IPO underpricing varies due to information frictions. For example, one explanation is 

that underpricing is used as a quality signal – high-quality firms can afford to leave money on 

the table during an IPO in order to receive better pricing conditions during the next offerings 

                                                
1 Miller and Reilly (1987) in their work conclude that the markets adjust rapidly (by the end of the first trading 
day) to pricing inefficiencies such as underpricing, and no significant adjustments are observed in the later 
periods. This is a general conclusion, but Ljungqvist (2006) provides some insight on why it is not always like 
that. 
2 Money left on the table is defined as the difference between the closing price at the first trading day and the 
offer price multiplied by the number of shares sold. This definition is found e.g. in Loughran and Ritter (2004). 
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(Welch, 1989). Here the issuer is assumed to have more information than the other parties3. 

From the other perspective, Rock (1986) argues that some potential investors may have more 

information than other investors; therefore, uninformed investors have a larger share in the 

overpriced issues losing their wealth (Winner’s Curse). That is why the underpricing is made 

to ensure the long term participation on the market of investors with little information 

available4. 

 Another interesting body of literature not mentioned by Ljungqvist (2006) which is 

explained in detail by Hunt-McCool et al. (1996) has concentrated on explaining 

underpricing as an issue not deliberately determined on the pre-market. Rather, it is argued 

that these are the fads, speculative bubbles, etc. that make positive initial returns, and the 

IPOs are actually priced at their “intrinsic” value. In their work Hunt-McCool et al. (1996) 

differentiate between deliberate pre-market underpricing and after-market abnormal returns 

(i.e. non-deliberate underpricing) and find that both “appear to coexist simultaneously”. 

 The present work contributes to the developing area of study (as pointed by Hopp & 

Dreher, 2007 and Ljungqvist, 2006) dealing with IPO underpricing analysis across countries 

and time. The emphasis is put on difference in institutional and legal environments and their 

influence on the variation in IPO underpricing. The precise formulation of the research 

question is as follows: “Do differences in institutional and legal environments explain 

variations in IPO underpricing across CEE countries?” 

 There are two main contributions to this work, in the core of which lies the research 

done by Hopp and Dreher (2007). Firstly, a rare dataset of IPOs and corresponding 

underpricing levels is collected from the CEE region. Secondly, it is examined whether the 

model developed by the latter authors is also applicable for the constructed sample. The aim 

is to compare the results of the present and previous research done in the field. Moreover, the 

differences (if any) are studied, and explanations are provided based on theoretical models 

and empirical studies in prior works.  

 The CEE region is chosen for analysis as it has not yet been studied empirically in the 

papers on IPO underpricing. Furthermore, as most of the CEE countries have recently joined 

the European Union (EU) the investors’ potential interest in this region has increased. The 

                                                
3 Interesting model assuming better informed company insiders is also found in Chemmanur (1993). The author 
argues that these insiders to whom shares are allocated receive incentives to underprice IPO in order to 
encourage information production. In such a way company insiders gain by selling their shares in the secondary 
market at higher price than they would receive otherwise. 
4 For more detailed description of all categories see Ljungqvist (2006). For asymmetric information theories see 
also Hopp and Dreher (2007). For empirical challenges of asymmetric information theories see e.g. Sun (2005) 
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information about the level of underpricing and, more importantly, about the determinants of 

its cross-country variation within CEE is becoming crucial. 

 It continues as follows. The next Section provides an in-depth literature background 

for the studied topic. Section 3 identifies the variables for the hypotheses’ testing. Then the 

data description is provided. After that a methodology is suggested in Section 5 to answer the 

posed research question. The preliminary analysis and analysis of the results are discussed in 

the proceeding Sections. Finally, concluding remarks are summarized in Section 8 followed 

by suggestions for further research. 

2 Literature Review 

As Ljungqvist (2006) emphasizes, although the asymmetric information-related factors have 

a first-order effect on IPO underpricing, there are doubts that exclusively these factors can 

utterly explain underpricing due to its “substantial degree of variation” over time. Loughran 

and Ritter (2004) observe the changes in IPO underpricing in the United States over the 

period of more than two decades. They state that IPOs were on average underpriced at the 

level of 7% in the 1980s, which was followed by 15% in 1990-1998. The internet bubbles 

brought the level up to 65% in 1999-2000, changed after to an average of 12% during 2001-

2003. The authors find evidence for the “changing issuer objective function” hypothesis 

which states that issuing company started to seek for rather than avoid reputable underwriters 

for severe underpricing.  

 Based on previous literature, Ljungqvist (2006) mentions the changes in institutional 

and legal environment in which the IPO takes place as one of the possible reasons for the 

explanation of underpricing volatility over time (as well as across countries). In his paper the 

author describes three main study directions under institutional factor influence on the level 

of an IPO discount; these are: lawsuit avoidance, investment bank as a price stabilizer, and 

tax issues. The first suggests underpricing is done intentionally by the firm in order to 

decrease the probability of being sued in the future. Price stabilization, as Ljungqvist (2006) 

states, is a service provided by an underwriter, which is “legal in many countries and 

intended to reduce price drops in the after-market for a few days or weeks”. The underwriter, 

receiving fees from the IPO proceeds, is interested in setting high offer price; hence, the price 

support by underwriter needs to be present as insurance to the potential investors against 

involvement in the overpriced IPOs. Finally, the author discusses that the capital gains tax is 

in some countries lower than income tax. It provides an incentive to the firm to pay salaries to 

its employees with e.g. stock options (the IPO is, therefore, argued to be underpriced in order 
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for the company employees to exercise their options and receive capital income) rather than 

with “ordinary” payment methods. Ljungqvist (2006) summarizes that while empirical tests 

on legal liability and price stabilization still lack clarity concerning the extent to which 

corresponding factors are able to explain IPO underpricing, the arguments about the taxes 

raises the causality question. In conclusion the author suggests further research be done on 

the institutional and legal environment’s influence on the issue in question. 

 Following the suggestion, Hopp and Dreher (2007) provide further research results in 

the studied area. They hypothesize that capital market development, bank regulation, 

accounting transparency, and investor protection determine the variation of underpricing 

across countries and time. The authors identify and divide all variables of interest in four 

groups according to the corresponding hypotheses. Hopp and Dreher (2007) test each 

hypothesis separately afterwards. Finally, they identify a model which includes variables with 

significance level of 10% or lower from all four hypotheses. The authors emphasize that 

better legal and institutional environments should be associated with lower underpricing 

levels through the attenuation of information asymmetry problems which were discussed 

earlier. Hopp and Dreher (2007) construct an unbalanced panel data set where each 

observation corresponds to IPO underpricing within one country within one year. Their 

sample includes IPO underpricing levels from 29 countries for the period 1988-2005. These 

countries include both developed ones such as the USA, the UK, Germany, and France and 

developing such as China, Indonesia, and Malaysia. Overall, the authors conclude that both 

better legal and better institutional environments improve information spreading among 

parties involved in IPO process, which contributes to resolving problems of asymmetric 

information, thus, decreasing IPO underpricing. 

2.1 Equity Capital Markets as Determinants of IPO Underpricing 

To identify the reasons for IPO underpricing one has to pay attention to the equity capital 

market environment where to the shares are offered. Biais et al. (2005) based on the previous 

literature summarize that institutional structure of the market and its rules affect price 

formation, e.g. through the way the orders are handled, inventory costs inquired, etc. Hopp 

and Dreher (2007) suggest equity capital markets have a certain influence on the information 

flow. As the accessibility and accuracy of information might differ across markets, the 

authors argue it should be reflected in the variability of IPO underpricing. To show it is 

indeed the case one needs to measure the development of equity capital markets and prove its 

effect on IPO underpricing. Dewenter’s and Malatesta’s (1997) findings provide support for 
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their claim that better capital market development is associated with lower undepricing of the 

privatized state-owned companies. However, the choice of the authors to assign the capital 

market to either of the two categories – developed or undeveloped – is made without 

providing reasonable argumentation. 

 So far there has been invented no general model that could perfectly describe and 

measure stock market development. Demirguc-Kunt and Levine (1995) associate stock 

market development with its relative size. They assume greater size of the market helps to 

raise capital and diversify risk. This idea is supported by Subrahmanyam and Titman (1999) 

who believe that relatively small markets discourage potential players because of the lower 

level of information reflected in stock prices. In turn, according to the latter authors, growing 

market is associated with improving information’s quality and increasing number of players 

willing to either get additional capital or invest their money. Therefore, greater relative 

market size should point at more informative environment resulting in lower IPO 

underpricing. 

 However, according to Hopp and Dreher’s (2007) findings the relationship appeared 

to be the opposite. Their results indicate that bigger markets exist along with higher IPO 

underpricing. These authors refer to Michelacci and Suarez (2004) for explanations of 

unexpected outcome, finding consistency with the claims of the latter that the greater 

development of capital markets encourages firms to go public pre-maturely. Summing up, in 

the current paper it is expected that greater size of the market increases the magnitude of IPO 

underpricing. 

 The term efficiency is also used for measuring stock market development. Dimson 

and Mussavian (1998) have summarized all previous research done about the topic. They 

note that the most important concept of efficiency is the ability of market prices to reflect 

intrinsic information of financial assets. Shleifer (2000, chap. 1) differentiates among weak, 

semi-strong and strong forms of market efficiency, whereby past returns, all public 

information, and all known information (both public and private) are included into the market 

price of a financial asset, assuming respective form of efficiency. That is, the increased 

market efficiency is associated with the improved accessibility of information. Demirguc-

Kunt and Levine (1995) assess efficiency using liquidity concept. This includes the easiness 

of making a transaction and the level of associated costs. Now a link can be created between 

liquidity and information via efficiency concept. Theoretically, higher liquidity which implies 

greater efficiency should result in better flow of information. Better flow of information 

normally results in lower IPO underprcing (Ljungqvist, 2006). 
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 However, Demirguc-Kunt and Levine (1995) find out that bigger markets could be 

associated with higher liquidity. Thus, in reality both aforementioned conditions could be 

favourable for young firms to go public before achieving the stage of maturity, which creates 

an upward pressure on IPO underpricing as discussed by Michelacci and Suarez (2004) and 

supported by Hopp and Dreher (2007). Hence, it is expected that the higher is liquidity, the 

bigger is the magnitude of IPO underpricing. In conclusion, the first hypothesis is formulated 

and tested in the paper. 

 Hypothesis 1: Greater capital market development increases the magnitude of 

IPO underpricing. 

2.2 Banking Regulations as Determinants of IPO Underpricing 

As argued in many papers, one of those by Barth et al. (2004) being quite recent, the 

influence of the government on the financial system and banking system in particular has no 

monosemantic affect. From one perspective direct supervision reduces inefficiencies by 

imposing clear regulations, which provide transparency and control the well-functioning of 

the business sector. From the other perspective this supervision creates new inefficiencies led 

by rents to the supervisors, etc. 

 Djankov et al. (2001), who study the regulation of new entrants to the market, in their 

work provide two theoretical frameworks – public interest theory and public choice theory. 

The former looks at government regulation as the protection against market failure, while the 

latter sees regulation as nothing but the inefficiency in the form of rents received by the 

incumbents in “capture view” or governmental regulators in tollbooth’s view. The authors’ 

results found more support for the tollbooth’s view as “regulation is generally associated with 

greater corruption” and it is more severe in countries with less limitations posed on 

government authorities. 

 More advanced theoretical explanations (so-called “enforcement theory”) 

strengthened by the proposed model can be found in Shleifer (2005). He provides four 

strategies listed in the order of an ascending public control over economic activity – market 

discipline, private litigation, public enforcement through litigation, and state ownership. The 

author argues that all strategies are imperfect and the trade-off exists between two social costs 

provided by each strategy – disorder and dictatorship. The main idea is that optimal level of 

public regulation is different for different industries. Moreover, general level of regulation 

should depend on the development of economy. For example, Shleifer (2005) suggests poor 
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countries should rely more on deregulation and in developing countries market discipline 

should prevail (e.g. over courts system). 

 Hopp and Dreher (2007) mention, however, that the negative effect of regulation by 

government authority might be decreased by making the supervisor independent from the 

government. They point out that underwriters and auditors are crucial parties in providing 

information about the true value of the company. The authors also admit that, despite the 

created potential inefficiencies, regulation and supervision reduces substantially the problem 

of information asymmetries, i.e. implicitly reducing the level of IPO underpricing. 

 Hopp and Dreher (2007) find that restrictions on the running of business activities put 

on the commercial banks5 increase the initial return. Moreover, the support was found for the 

argument that increased bank competition reduces the rents to market incumbents, resulting 

in lower underpricing. In general, the results of the authors suggest that only effective 

monitoring and supervision is able to decrease the risks incurred to potential investors during 

an IPO. Summing up, the second hypothesis is formulated and is tested further on. 

 Hypothesis 2: More effective regulation of banks reduces the level of asymmetric 

information between parties and, therefore, results in lower IPO underpricing. 

3 Choice of Variables 

Variables in this paper are divided into two big groups: control variables and variables of 

interest. The former set controls for macro and micro conditions of IPO which are discussed 

further on, whereas the latter assesses the effects of equity market development and banking 

regulation system on IPO underpricing. The full list of variables, their description, and 

hypothesized effect on underpricing can be found in the Appendix 2. 

3.1 Control Variables6 

Selection of control variables is a long process because these variables have to satisfy at least 

two conditions: they should correlate with dependent variable and correlate with explanatory 

variables. Thus, in presence of control variables, the effect of explanatory variables on IPO 

underpricing is expressed more precise. In this part theoretical reasoning for the choice of 

control variables is represented and their potential correlation with dependent and 
                                                
5 Hopp and Dreher (2007) argue that “the banks perform the role as lead underwriters”. That is why effect of 
bank regulation on underpricing is studied further on. 
6 Depsite the earlier theoretical models, Dewenter and Malatesta (1997) found no significant difference between 
underpricing levels of privatized state-owned enterprises and the privately-owned companies making IPO. That 
is why, it was decided not to differemtiate between these two concepts and not to control for them in the 
regressions. 
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independent variables is shown. Numerical correlation can be found in the Preliminary 

Analysis part. 

 In their work Hopp and Dreher (2007) use a set of four control variables which they 

call the base model. The base model controls for general country characteristics and, 

therefore, serves as a proxy for overall country development. It covers two areas of country 

development: economic development7 and the state of equity capital markets. Both are 

discussed below. 

 Hopp and Dreher (2007) use annual change in real GDP, which controls for economic 

development that possibly influences investors’ interest in a country. Higher level of GDP 

may be attractive for investors; hence, they may not require higher level of underpricing to be 

interested in an IPO (Hopp and Dreher, 2007). Moreover, higher level of GDP, especially in 

case of emerging CEE economies, can be associated with developing equity markets and 

improving banking regulation (Khan and Senhadji, 2000). 

 Another control for economic development is the International Monetary Fund (IMF) 

programme dummy. The dummy shows if a country has had a credit from IMF for at least 5 

months at the given point in time. All CEE countries got a credit from IMF after the collapse 

of the Eastern Block to support transition of their economies (IMF, 2008). However, in each 

country there was a different pattern of credit repayment. Some countries paid out the credit 

earlier e.g. Czech Republic, which paid out the credit already in 1994, whereas some are still 

lagging behind, e.g. Romania (IMF, 2008). Hence, absence of IMF programme may be one of 

the signs of higher ability to cope with transition effect. This finds support in a paper by 

Dreher (2005), who finds that there is a correlation between IMF programme presence in a 

country and its lower economic development. According to Khan and Senhadji (2000) this in 

turn has an effect on financial development, including less developed equity markets and 

worse banking regulation. However, if the credit has been paid out completely, the country 

has higher chances to overcome primary problems of transition economies, and this could 

make it more attractive for investors. This means, higher underpricing is not needed to draw 

the attention of potential investors to an IPO (Hopp & Dreher, 2007). 

 As a third indicator of economic development, it was also decided to control for EU 

membership using a dummy. Since a country has to bring a wide area of its legislation, 

regulation and economic indicators in line with EU standards to be admitted to the union, this 
                                                
7 The idea of Hopp and Dreher (2007) to control for economic development finds more support in Shleifer 
(2005) who expects a correlation between general level of regulation and the development of economy, e.g. 
poorer countries are expected to take advantage of deregulation whereas developing countries could win from 
market discipline. 
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should have a positive impact on investors’ perception of a given country, which should 

reduce underpricing as they might not require additional reward. Moreover, joining the EU 

provides an opportunity for equity markets to develop as foreign investors and companies 

may seek entering the markets, e.g. through cross-quotations. 

 Furthermore, Hopp and Dreher (2007) suggest that particular attention should be 

drawn to controlling for the state of stock market. By the state are meant hot 8and cold 

markets. He (2007) points out a clear distinction between these two concepts: “hot IPO 

markets have been characterized by an unusually high volume of offerings and severe 

underpricing, while cold IPO markets have much lower issuance and less underpricing”. 

 In his work the latter author proposes so-called theory of IPO waves that explains the 

issue of cold and hot markets using significant role played by an underwriter in the IPO 

process. The investment banks charge underwriting fee and propose an offer price which 

together determine the amount of shares left to the insiders, effecting their decision to go 

public. As it is emphasized, underwriting fee and offer price serve as a screening device, and 

the offer price does not always reflect the true value of the firm. He (2007) also states the 

investment banks can improve the quality of IPO firms by acquiring information about them 

and “selectively approving them”. The author argues that in such way the control over the 

quality of the firms going public is ensured. Information produced by underwriters makes 

possible “for investors to accept firms that would have been excluded without information 

production”. This explains high volumes of IPOs during hot markets. Moreover, “produced 

information improves ex-post quality of IPO firm and drives up secondary market price” 

explaining the higher first day return. As a result of several low-quality IPOs on the market, 

the underwriters are “punished” (for not producing qualitative information), as argued by He 

(2007), by lowering their pay-offs (little number of firms goes public due to small accessible 

offer price), which leads to cold state substituting the hot state. To sum up, to ensure 

information production the fluctuations in IPO market are essential which is the general 

conclusion of the theory of IPO waves. 

 As hot markets are associated with abnormal high returns Hopp and Dreher (2007) 

control for this issue having included in their base model Morgan Stanley Capital 

International (MSCI) indices for a country’s yearly stock market return rate. The MSCI 

indices are substituted in this paper with annual change in corresponding stock market 

capitalization indices that are built using very similar methodology (Kristians Mikelsons, 
                                                
8 See Ibbotson and Jaffe (1975) for early evidence on hot issue markets who are cited by many works in the 
following years written on the topic of hot markets. 
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personal communication, January 28, 2008). Moreover, hot markets are simultaneously 

described by big volumes of IPO. Hence, this issue also has to be controlled for. Hopp and 

Dreher (2007) suggest using the annual number of IPOs in a particular state for this purpose 

which is also done in the current paper. 

 The base model of Hopp and Dreher (2007) controls for economy-wide factors – 

macro factors. It is consistent with Walker and Lin (2007) who find the causality and 

moreover discover that IPO volume volatility could not be explained by technological 

innovations which made them to suggest that “economy-wide rather than industry-specific 

factors (micro factors) are responsible for the observed variations in IPO volume”. Thus, 

industry-specific factors in the presence of economy-wide factors are not expected to affect 

IPO underpricing. On the contrary, Pastor et al. (2006) concludes that industry-specific 

factors are likely to have influence on IPO initial returns. Moreover, Borges (2007) mention 

earlier literature on IPO underpricing that suggests hot markets arise in specific industries. 

Therefore, in this paper it was decided to control for industries that might be attributed to the 

appearance of hot markets. 12 industry dummies were used to distinguish among the biggest 

industries in the sample: chemicals, construction, energetic, finance, food, information 

technology (IT), media, oil & gas, real estate, telecommunications, retail, and wholesale. 

3.2 Variables of Interest 

It is started with identifying variables of interest for testing the first hypothesis. Demirguc-

Kunt and Levine (1995) suggest measuring the development using size and liquidity 

concepts. The same measures are also used e.g. in Claessens et al. (2000) for describing stock 

market development in CEE countries. 

 In both papers it is proposed to use stock market capitalization relative to GDP as a 

proxy for size concept. The variable is taken relative to GDP so that it could be comparable 

across countries and equity markets. Hopp and Dreher (2007) find out this variable is 

positively correlated with IPO underpricing meaning greater size of stock markets leads to 

higher level of undepricing consistent with the arguments of Michelacci and Suarez (2004) 

discussed earlier. Therefore, it is expected this variable to have a positive influence on the 

level of IPO underpricing. 

 Demirguc-Kunt and Levine (1995) use stock market turnover and stock market traded 

relative to GDP as measures of efficiency. The latter variable is taken relative to GDP again 

for the sake of market comparability. In addition, Hopp and Dreher (2007) suggest relative 

market efficiency (comparing to the banking sector) as a proxy for efficiency. Overall, the 
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three identified  proxies are assumed to have positive influence on the level of IPO 

underpricing because, according to Demirguc-Kunt and Levine (1995), liquidity is high in 

more developed markets which in turn are characterized by higher level of underpricing due 

to companies going public pre-maturely (Michelacci & Suarez, 2004). 

 Besides, Hopp and Dreher (2007) suggest access to equity as another proxy for the 

development of equity capital markets. This variable shows how open stock markets are to 

small and medium sized firms. According to Li (2007) openness of stock markets, or in other 

words a set of factors that facilitate and encourage new entrants, is directly linked with 

potential attractiveness of stock markets. He finds out that openness is positively correlated 

with the size of equity market and its activity. Klapper et al. (2002) have summarized 

information from the AMADEUS database and have found out that in CEE countries small 

and medium sized enterprises create the most dynamic sector of these economies as they are 

highly leveraged, more profitable and fast growing, which shows their market orientation.. 

However, as the latter authors conclude, these firms have constraints to access long-term 

financing which could be done also via stock markets. Therefore, one has to concentrate on 

assessing openness particularly for this economic niche. As the current paper is concerned 

with IPOs in CEE countries the openness measure is interesting to test empirically. Referring 

to Michelacci and Suarez (2004) it is anticipated that access to equity should have positive 

impact on IPO underpricing as easier access to stock market supports young companies’ 

decision to go public pre-maturely. It should be mentioned, though, that neither openness, nor 

access to equity itself are used by other researchers when measuring development of equity 

capital markets. It is, therefore, presumed that this particular measure may not have a 

determining effect on the level of IPO underpricing. 

 Further on the variables for testing the second hypothesis are identified. Hopp and 

Dreher (2007) suggest a set of variables all of which could be considered proxies for banking 

regulation. First of all, they use an index of credit markets regulation whose higher values 

point at less transaction costs and better way of information flow between individual 

investors and underwriting banks. This proxy is expected to influence IPO underpricing 

negatively. 

 Secondly, the latter authors assume that general differences among banking systems in 

different countries can be captured by ownership restrictions, security business restrictions 

and existence of a deposit insurance scheme. Security business restrictions are found by Hopp 

and Dreher (2007) to be positively affecting IPO underpricing and are expected to have the 
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same influence in the current paper. These variables should point at effectiveness of banking 

supervision. Higher regulation effectiveness is associated with lower underpricing.  

 Thirdly, Hopp and Dreher (2007) suggest using influence of supervisor and existence 

of single financial supervisor in a country to look at real enforcement power of regulations. 

Tovar Landa (2002) states that single regulating authority is especially good to have in 

emerging markets. It is argued that it requires lower costs due to economies of scale and 

scope. Furthermore, the author explains that the rents to authorities are reduced. Finally, the 

risks are decreased implementing single supervisor system due to faster decision-making 

process. To sum up, ability of an authority to change internal organizational structure of 

banks as well as existence of a single country-wide supervisory agency decreases uncertainty 

and information asymmetry and, therefore, decreases the level of IPO underpricing. 

 Finally, Hopp and Dreher (2007) use foreign bank assets relative to total banking 

assets and the number of foreign banks to total banks in a country to proxy for competitive 

environment. They find the latter variable to be significant. The authors explaining the results 

favor the arguments: firstly, that “more established” underwriters generally reduce the 

asymmetry of information in the business sphere; secondly, increased competition insured by 

foreign players provides more self-regulation incentives (moving towards Shleifer’s, 2005, 

market discipline), causing decreased rents to industry incumbents, thus, increasing pricing 

efficiency. The higher ratio of foreign banks also indicates that the level of the regulation of 

entry is relatively lower which makes the pricing, again, more efficient. 

4 Data Description 

The dataset constructed for the research covers 8 CEE countries over the time period from 

1995 till 2006. It includes more than 200 observations. However, due to the fact that IPOs are 

differently distributed across the countries and over time and information for some 

explanatory variables was not available, the dataset has an unbalanced cross-sectional 

structure. Therefore, the number of observations depends on the choice of explanatory 

variables. Descriptive statistics for control variables and variables of interest can be found in 

the Appendix 1. 

 All the data employed in this paper is from trusted sources, e.g. World Bank’s 

publications: “World Development Indicators” and “New Database on Financial 

Development and Structure”; International Monetary Fund; “Global Competitiveness 

Report”; etc. Other information (IPO underpricing, annual number of IPO, capitalization 

indices, industry dummies, EU dummies) was manually gathered having communicated with 
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stock exchanges of CEE countries. All sources used are the latest updates available by 

February 2008. Information about which sources were used for particular variables can be 

found in the Appendix 2. 

 Figure 1 presents summary statistics for IPOs in CEE countries and their level of 

underpricing expressed in percent. All in all, CEE counts to 15 countries: Albania, Bosnia 

and Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, 

Macedonia, Poland, Romania, Serbia (including Montenegro and Kosovo), Slovakia and 

Slovenia. As it can be seen from the table about half of the countries are missing due to the 

fact that no information about IPOs could be accessed on respective stock exchanges over the 

period in question. This means, either there were no IPOs on a stock exchange or the 

information was unavailable due to internal issues on a respective stock exchange. Therefore, 

our dataset includes 204 IPOs from 8 CEE countries over the period from 1995 till 2006. The 

dataset is unbalanced towards Poland with 152 IPOs whereas Latvia is represented with only 

one IPO. 

Figure 1. Cross Country Variation of IPOs and IPO Underpricing 

Figure is designed by the authors 

 As it can be seen from the Figure 1, IPOs are underpriced in all countries; however, 

differently. The highest level of underpricing on average is in Romania at 55% whilst the 

lowest in Latvia at 6% (one may consider the lowest average underpricing also in Hungary 

with 10% because Latvia amounts only to one IPO). When comparing median underpricing 

that eliminates outliers within each country, the highest level of underpricing was in Bulgaria 

at 33% while the lowest in Croatia at 2%. Both maximum and minimum levels of 

underpricing were registered in Poland at 481% and -89% respectively. Apparently, IPO 

underpricing is quite changeable factor not only among time and countries but also within 

one country. 

Country Number 
of IPO 

Average 
underpricing 

Standard 
deviation 

Median 
underpricing 

Minimum 
underpricing 

Maximum 
underpricing 

Bulgaria 9 50% 0.80 33% 4% 257% 
Croatia 5 12% 0.16 2% 0% 32% 
Czech Republic 3 14% 0.10 15% 4% 24% 
Estonia 6 16% 0.12 17% 1% 35% 
Hungary 22 10% 0.29 7% -44% 102% 
Latvia 1 6% 0 6% 6% 6% 
Poland 152 17% 0.49 6% -89% 481% 
Romania 6 55% 0.61 30% 5% 159% 
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 It is also worth looking at IPO underpricing patterns not only across countries but also 

throughout the studied time period and across industries9. As it can be seen from Figure 2, the 

biggest group of IPOs in the sample consists from financial sector companies. The least 

companies that form a particular group come from oil & gas industry. 

Figure 2. Distribution of IPOs across industries. 
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Figure is designed by the authors 

 Next figure (Figure 3) represents the year statistics and suggests the most IPOs were 

made during the last three years (2004-2006). This could be explained by the accession of 

many CEE countries to EU, which might have stimulated activity on local stock exchange 

markets. 

Figure 3. Distribution of IPOs across years. 
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Figure is designed by the authors 

                                                
9 The threshold to form a group of companies coming from the same industry was set on the level of 5. Thus, 
everything below the level was included in the group “others”. 
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 Furthermore, it is interesting to look at the level of IPO underpricing across years and 

industries. These results are summarized in the Figure 4. Average and median underpricing 

have the highest values in the real estate industry and the lowest – in the wholesale industry. 

Overall, the numbers vary across industries, which might point at potential industry specific 

factors influencing IPO underpricing. Comparing years within the range used in the study, the 

highest initial return was registered in 1997. However, it is difficult to point at the lowest 

level of IPO underpricing because there are no years whose both median and average values 

are the lowest simultaneously. Therefore, it is possible to consider years 1998, 2001, 2002 as 

facing the lowest level of IPO underpricing under different assumptions. There is a variation 

of initial return values among different years, which suggests some time specific effects 

influencing the level of IPO underpricing need to be controlled for as well as country specific 

effects. 

Figure 4. Underpricing of IPOs across years and across industries. 

Industry Mean Median  Year Mean Median 
Chemicals 0.10 0.04  1995 -0.17 -0.08 
Construction 0.18 0.06  1996 0.12 0.00 
Energetics 0.16 0.06  1997 0.33 0.22 
Finance 0.31 0.05  1998 0.02 0.12 
Food 0.04 0.10  1999 0.29 0.17 
IT 0.21 0.12  2000 -0.08 0.03 
Media 0.14 0.11  2001 -0.08 0.01 
Oil & Gas 0.07 0.09  2002 -0.05 -0.05 
Real Estate 0.52 0.23  2003 0.23 0.19 
Retail 0.10 0.05  2004 0.20 0.10 
Telecom 0.26 0.06  2005 0.10 0.05 
Wholesale 0.02 0.01  2006 0.32 0.13 

Figure is designed by the authors 

5 Methodology 

Method of estimation in this paper was chosen with reference to the cross-sectional data with 

a company issuing an IPO as a unit of analysis. Therefore, the dependent variable is the level 

of IPO underpricing expressed as a decimal for each company. In this paper the model used 

by Hopp and Dreher (2007) is adopted and adjusted to be able to distinguish among factors 

contributing to the IPO underpricing: 

 underpricingi  = α + βXi + γZi + δCi + ηTi + εi, 

where underpricingi stands for IPO underpricing in a certain company, α is a constant term, 

Xi is a vector of control variables, Zi is a vector of variables of interest testing for a 
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hypothesis, Ci is a vector of country fixed effect dummies, Ti is a vector of time fixed effect 

dummies, and εi is an error term. 

 Two control variables, namely annual change in GDP and the IMF programme 

dummy, are entered into regression in a manner so that the underpricing of a given year 

matches with the named indicators of the past year. Hopp and Dreher (2007) suggest this 

approach because the effect of changing is not perceived by potential investors at once; 

therefore, some time is needed for adjustment to take place. Moreover, the same authors 

propose including the annual number of IPOs into regression using natural logarithm to make 

the variable more normally distributed. 

 Turning back to regressions, the procedure consists of three steps (described below 

and summarized in Figure 5); each of the steps consists of two regressions – rich and final. 

Rich regression includes all variables of interest for testing the respective hypothesis while 

the final regression includes only variables of interest that are significant or are jointly 

significant. This results in six regressions for each hypothesis. As for the specification of 

regression, simple OLS models were used. 

 On the first step only variables of interest are considered. Selection of final regression 

happens in the following way. Variables with the lowest p-values are deleted one by one until 

each variable of interest becomes significant at 10% significant at least. Note that only 

proxies can be removed from the model. This means that in case of the first hypothesis in the 

model should be left at least one proxy for the size of stock market (which is actually only 

stock market total relative to GDP), and at least one proxy for its efficiency. Even though it 

may make coefficients insignificant one cannot omit these proxies because theoretically both 

size and efficiency of equity capital markets have an influence on IPO underpricing. In case 

of the second hypothesis, all variables of interest are considered to be proxies and, hence, all 

insignificant ones can be deleted. All significant variables left represent the first final model. 

 On the second step control variables are included. This is done to control for macro 

and micro factors. Otherwise the variables of interest might show a biased impact on the level 

of IPO underpricing. Again rich and final models are considered. The only difference in 

arriving at the final model when comparing to the first step, is the fact that only variables of 

interest that are insignificant are omitted given the specifics of both hypotheses. Control 

variables always remain in the model due to their “absorbing” effect. 

 The third step implies adding time and country fixed effect dummies to check for 

unobserved specific effects. Although control variables were included on the previous step, 

they still might not capture unobserved fixed effects. Therefore, the dummies are added to see 
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if the previous final model is strong enough to provide true and unbiased coefficients on 

variables of interest. Altogether there are 12 year dummies and 8 country dummies; however, 

to get rid of multicollinearity problem only 11 year and 7 country dummies are included in 

the model. Again, the final model is constructed eliminating only the variables of interest that 

proved to be insignificant both independently and jointly. 

Figure 5. Models used on different steps of analysis 

Step Model used 
1 underpricingi  = α + βXi + εi 
2 underpricingi  = α + βXi + γZi + εi 
3 underpricingi  = α + βXi + γZi + δCi + ηTi + εi 

Figure is designed by the authors 

 Regarding the results, in the end two situations are possible. Firstly, in the sixth (final) 

regression variables of interest have significant coefficients. This means the model has 

enough power to explain the level of IPO underpricing. The extent to which it can do so can 

be acquired looking at R-squared. Secondly, in the last regression no variables of interest are 

significant; however, they were significant on earlier stages of regression. This points out at 

weak evidence of how variables of interest may influence IPO underpricing. Regardless of 

the actual outcome, all six regressions should be tested using standard check for cross-

sectional dataset that includes the test for normality of residuals and a test for functional 

misspecification, which is sometimes referred to as a test for omitted variables. In cases when 

it is possible to get rid of non-normality of residuals or misspecified variables, this is done. 

Moreover, when a final model on each step has some insignificant variables of interest 

(presumably one of the proxies in the first model), these variables have to be checked for 

joint significance. Furthermore, time and country fixed effects dummies are tested for joint 

significance separately and together (in most cases they proved to be significant, see 

Appendix 3.). If they are not jointly significant separately or together, they have no impact on 

the final model and, therefore, the fifth and the sixth regressions could be not taken into 

account. 

 All variables of interest corresponding to the two hypotheses are to be integrated in 

one regression at the end. This is done to check for robustness of the separate hypothesis test 

results. The theoretical support for the integrated model is also found in Demirguc-Kunt and 

Levine (1995) and Michelacci and Suarez (2004) who note that bank regulation may 

influence stock market development – therefore, at the same time the potential problem of 

omitted variable bias could be eliminated. 
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6 Preliminary Analysis 

Before actually finding the relationship between the level of underpricing and explanatory 

variables, operations with the dataset have to be done in order to prepare it for analysis. 

Firstly, when looking at descriptive statistics one can mention several interesting details. 

There is different maximal amount of observations for each hypothesis (204 for the first one 

and 152 for the second), which points at difference in external validity as the results of the 

second hypothesis may be weaker comparing to the results of the first one. 

 Then, one of the variables on the second hypothesis, namely deposit insurance scheme 

dummy, does not vary across observations meaning one cannot conclude anything about IPO 

underpricing from its presence. Therefore, this variable will not be included in the analysis. 

Very similar problem is encountered with maximum ownership restriction dummy. Its mean 

value is almost zero and there is only a handful of values equal to “1”. Hence, there is a high 

probability of excluding this variable from analysis. It was also found out that security 

business restrictions from the second hypothesis do not vary in presence of foreign-owned 

banks assets ratio. This means they have to be considered separately in different cases. 

Finally, in the same hypothesis foreign-owned banks ratio and foreign-owned bank assets 

ratio have the least observations comparing to variables from the same group (around 110 

against almost 140). Therefore, when including into analysis, they decrease the extent of its 

explanatory power. Thus, separate regressions were constructed to determine the level of IPO 

underpricing basing on samples of two different sizes. 

 Secondly, the dataset was checked for outliers using the following definition of an 

outlier: “An outlier is an observation…whose dependent-variable value is unusual given its 

values on the predictor variables” (Chen et al., 2003). Therefore, all paired combinations of 

dependent variable with explanatory variables were checked. In such way two outliers have 

been identified and excluded from the dataset: one company from Poland with an 

underpricing of 481%, one company from Bulgaria – with 257%. Some more observations 

were identified as possible outliers and are kept in mind. 

 Thirdly, correlation matrixes on dependent, control and predictor variables were 

performed. This was done to make sure control variables were correctly chosen and to 

identify possible problems within explanatory variables (see Appendix 4.). As it can be seen 

perfect correlation should not be an issue among macro-control variables. Still, one can 

mention that the IMF dummy shows the highest correlation with the natural logarithm of the 
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number of IPOs and EU dummy, -0.62 and -0.52 respectively. Though, it is very low 

correlated with the change in GDP (-0.03). 

 Considering the possible problems among predictor variables within the first 

hypothesis, one can mention that stock market traded is highly correlated with relative market 

efficiency (0.92) and stock market turnover (0.88). Moreover, the turnover itself is much 

correlated with relative market efficiency (0.93). This points out at possible exclusion from 

the analysis some of these three measures given that two of them are actually proxies for the 

same measure of equity market development – liquidity.  

 For the variables related to the second hypothesis it was not possible to compute the 

correlation of security business restrictions due to the fact that in presence of the foreign-

owned bank assets no variation happens within the variable. Therefore, the next correlation 

matrix presents results without foreign-owned bank assets. As it can be seen, there is a 

correlation between credit regulation and foreign-owned banks ratio (0.80) and influence of 

financial supervisor (0.83). In addition, the abovementioned ratio and the influence of 

supervisor are also correlated (.75). As all variables in this hypothesis are proxies, there 

might be an issue of dropping some of correlated variables. 

7 Results 

In accordance with the procedure stated in the methodology part of the present paper, 

analysis of both hypotheses was conducted in order to find out what are the most important 

determinants of the level of IPO underpricing. All regressions were tested for functional form 

misspecification (see Figures 6 and 7 below). As it can be seen, the first model is said to be 

free from omitted variables up to the fifth regression, while the second – up to the third 

regression. This means on these stages some unobserved factors or functional form 

misspecification could take place. One can try to simulate on what these disturbances might 

be; however, this is mainly a question of further research. The most important thing to be 

mentioned here is that because of misspecification coefficients on predictors are biased. It is 

impossible, however, to quantify the degree of bias, meaning true coefficients could be quite 

close to the predicted ones taking into account that a hint of omitted variables appears only on 

the last steps of analysis. 

 According to the tests of regressions (see Figures 6 and 7 below), residuals are always 

not-normally distributed. With reference to the normality assumption, this means all 

coefficients are still true and unbiased; however, their t-statistics and therefore the level of 

significance are not showing precise results. This issue could be important in case the level of 
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significance is very close to 10% boundary. On the one hand, predictors slightly below this 

bound could be in fact insignificant; whereas on the other hand predictors exceeding the 

bound could turn out to be significant. This is exactly the case of the relative market 

efficiency in the last regression whose level of significance is around 11 percent (see Figure 

6). Due to the normality problem, this coefficient might possibly be significant at 10% level. 

 All regressions were tested for multicollinearity. Results for the tests can be found in 

the Appendix 9. Two sources of multicollinearity were found. Firstly, rich models sometimes 

contain highly correlated variables of interest, e.g. Stock market traded/GDP and Stock 

market turnover in the first hypothesis. In this case, multicollinearity can be eliminated by 

excluding highly correlated variables in final regressions, which was also done. Secondly, 

multicollinearity can come from including many dummy control variables. This refers to 

country and year fixed effects in both hypotheses in particular and to the second hypothesis 

because its variables of interest are mostly dummies. Unfortunately, this issue cannot be dealt 

with and, therefore, it puts some limitations on the results. Coefficients suffering from 

multicollinearity are still unbiased; however, their standard deviation may not be correct. 

Hence, one cannot say for sure whether coefficients in question are significant or not. 

7.1 Results for Hypothesis 1 

When looking at R-squared (Figure 6), which shows the extent to which the model can 

explain the level of IPO underpricing based on the selected predictors, one can mention that 

its value improves almost five times from 6.3% in the first regression to 28.2% in the last 

regression. This could be attributed to adding right control variables and controlling for 

country and time fixed effects. When looking at R-squared achieved by Hopp and Dreher 

(2007) in their analogous hypothesis, it is 25%, which suggests the present model is a bit 

better than that one used by the latter authors. 

 Let us now examine the effect of variables of interest on the level of IPO underpricing 

per se. First of all, one can spot that the stock market turnover never shows up significant in 

the model. This can be explained by its high correlation with the relative stock market traded 

and the relative market efficiency (see Appendix 4 for correlations) as they all measure 

liquidity. It seems that the other two proxies have a dominant effect comparing to the stock 

market turnover. In addition, Hopp and Dreher (2007) also find this variable to be 

insignificant. 

 Second, the access to equity has also been following a strange pattern throughout the 

analysis showing strongly significant negative coefficients at the beginning; however, having 
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switched eventually to a positive coefficient at 5% significance level in the fifth regression. 

To sum up, weak evidence was found that the access to equity increases the level of IPO 

underpricing as it was also hypothesized. In turn, according to Michelacci and Suarez (2004), 

it could be a sign of companies going public prematurely as higher level of access to equity 

seems to favour this (Li, 2007). This area however was not studied in the present paper and 

therefore may be suggested for further research. 

 There are two variables that show quite good significance on the last stages of 

analysis meaning they are strong enough also in the presence of control variables and fixed 

effects dummies. The first one is the stock market total relative to GDP, which is a proxy for 

size of a capital equity market.  In the last regression it shows a positive coefficient at the 5% 

significance level. This actually means that bigger CEE stock markets are exposed to higher 

level of underpricing. The second variable of particular interest is the relative market 

efficiency, which is in turn one of the proxies for stock markets liquidity. In the sixth 

regression, this variable is accompanied by the positive coefficient at almost 10% 

significance level being, however, more significant as well on the earlier stages of analysis. It 

should be mentioned however that on these stages the variable was showing negative 

coefficients suggesting lower underpricing. Still, as the last regression is considered to be 

absorbing all unobserved effects, it can be concluded that higher relative market efficiency 

comparing to banking system leads to higher IPO underpricing in CEE countries. Moreover, 

as the variable is strongly correlated with stock market turnover and relative stock market 

traded (see Appendix 4 for correlations), which are other two proxies for liquidity, a broader 

conclusion can be made. The results show therefore that more liquid markets lead to higher 

level of IPO underpricing. This can be also supported by the relative market traded which 

appears significant in the third regression with a positive coefficient. 

 As it was mentioned in the paragraph afore, both proxies for measurement of an 

equity market development remain in the final regression showing significant positive result 

on the level of IPO underpricing. Besides there is some weak evidence for the relation when 

looking at the access to equity and the relative stock market traded. Therefore, it suggests that 

the first hypothesis cannot be rejected meaning more developed equity capital markets result 

in higher level of IPO underpricing. This is in line with the conclusion of Hopp and Dreher 

(2007); however, it differs from the actual results of their regressions. The latter authors did 

not reject their hypothesis basing on the strongly significant and positive coefficient on 

relative stock market traded, which in the present paper turned out to be significant only in 

the third regression. The results could be explained by Michelacci and Suarez (2004), who 
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discuss that more developed stock markets could provide more opportunities for companies 

to enter the market pre-maturely. Therefore, a high concentration of such companies could 

influence the level of IPO underprising causing stock market size and liquidity indicators to 

show a positive influence on the level. However, to be able to discuss this phenomenon for 

sure, one has to gather information on the age of companies went public in CEE countries, 

which is a limitation of the current paper and therefore suggested for further research. 

Moreover, one has to discuss an approach of dividing companies on ready (mature) and pre-

mature for going public. Most probably, this should be reflected in financial indicators of a 

company and organizational structure. However, other factors are also to be discussed. 
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Figure 6. The results of regressions for the Hypothesis 1. 
 Step 1 Step 2 Step 3 

 Variables of interest 
Regression 1: 
rich model 

Regression 2: 
final model 

Regression 3: 
rich model 

Regression 4: 
final model 

Regression 5: 
rich model 

Regression 6: 
final model 

Stock market total/GDP 0.3836 
(0.93) 

0.3245 
(1.04) 

-0.4386 
(-0.81) 

1.0747*** 
(2.60) 

-7.9509 
(-1.1) 

11.8510** 
(2.02) 

Stock market traded/GDP -0.1260 
(-0.09) 

 3.5023** 
(1.99) 

 16.3236 
(1.42) 

  

Stock market turnover 0.1076 
(0.23) 

 -0.7703 
(-1.39) 

 -1.4647 
(-0.70) 

  

Relative market efficiency -22.91 
(-0.94) 

-18.6506*** 
(-2.62) 

-33.1881 
(-1.17) 

-19.8144** 
(-2.05) 

-353.4140 
(-1.41) 

126.5206 
(1.60) 

Access to equity -0.125*** 
(-3.38) 

-0.1297*** 
(-3.70) 

0.0118 
(0.11) 

 1.2597** 
(2.00) 

  

Control variables NO NO YES YES YES YES 
Country and time fixed effects NO NO NO NO YES YES 

Test results 

Jarque-Berra test 
(H0: Residuals are normally distributed) 

50.330 
(0.0000) 

50.420 
(0.0000) 

35.710 
(0.0000) 

39.430 
(0.0000) 

29.360 
(0.0000) 

30.55 
(0.0000) 

Ramsey RESET test 
(H0: No functional form misspecification) 

1.46 
(0.2258) 

1.25 
(0.2921) 

1.50 
(0.2169) 

1.51 
(0.2142) 

7.98 
(0.0001) 

6.61 
(0.0003) 

Test for joint significance of variables of 
interest 
(H0: No  joint significance) 

 
5.48 
(0.0012) 

   2.15 
(0.1201) 

Number of variables 5 3 22 19 40 37 
Number of observations 195 195 195 201 195 201 
Number of countries 8 8 8 8 8 8 
R-squared 0.063 0.063 0.198 0.156 0.2852 0.282 
*, **, *** stand for the 10%, 5%, and 1% level of significance respectively. Dependent variable is the level of IPO underpricing. Numbers in brackets show t-statistics for 
variables of interest, p-value for Jarque-Berra test, Ramsey RESET test, and the test for joint significance. Regression is run using robust errors. Information about 
coefficients on controlling variables from Step 3 can be found in Appendix 8. The results of tests for joint significance of final models’ variables are showed in Appendix 10.
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7.2 Results for Hypothesis 2 

Since the foreign-owned banks ratio and foreign-owned bank assets ratio, included in the 

regression, decrease the number of observations in the regression and eliminate all variation 

in the security business restrictions variable, two cases will be considered further. The first 

case starts with the set of variables including the former two proxies for competition from 

foreigners (see the regressions summary in Figure 7) while the second case starts with the 

latter variable of interest (see Appendix 6). Despite this fact, choosing to start with either of 

the sets leads to the same results of the final regression, namely, regression number 6. The 

outcome for the second hypothesis’ final regression turns out to be more unexpected and is 

analyzed below. This notwithstanding, the model for the second hypothesis is able to explain 

35% of the variation in the dependent variable which is reasonable compared to models 

aimed at explaining the IPO underpricing. What is more, the model is better than the 

respective model of Hopp and Dreher (2007) with their 33%. 

 Credit regulation index proves to be significant in explaining IPO underpricing 

variation. Nonetheless, the influence has been anticipated to be negative rather than positive 

as it shows. The results are consistent with the public choice theory (Djankov et al., 2001). 

That is, greater credit regulation seems to lead to greater pricing inefficiencies because of the 

more pronounced rent-seeking behavior of either industry incumbents or regulatory agencies 

resulting in decreased competition among the underwriters. This is in line with the logics of 

Hopp and Dreher (2007), arguing for the influence of the foreign-owned banks to ensure 

more competitive environment which leads to better information production and, therefore, 

lower IPO underpricing. 

 Security business restrictions are associated with lower IPO underpricing. These 

findings contradict the predictions of the present paper and the findings of Hopp and Dreher 

(2007). The security business restrictions require firms to be more specialized. The results 

suggest firms, specializing only in providing underwriting services rather than in providing 

full range of services connected with securities, underprice new issues less. The support is 

found in the idea by Ljungqvist and Wilhelm (2002) that underwriters specializing in specific 

industries acquire industry-specific knowledge and should price IPOs more accurately which 

results in lower IPO underpricing (Wang, 2005). Extending the logic, the specialization in the 

specific security business field, i.e. underwriting services, leads to better expertise in the field 

compared to the “differentiated” firm, meaning better pricing efficiency and lower initial 

return.
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Figure 7. The results of regressions for the Hypothesis 2 (including foreign-owned banks ratio and foreign-owned bank assets ratio variables).  
 Step 1 Step 2 Step 3 Improving normality 

 Variables of interest 
Regression 1: 
rich model 

Regression 2: 
final model 

Regression 3: 
rich model 

Regression 4: 
final model 

Regression 5: 
rich model 

Regression 6: 
final model 

*Regression 610: 
final model 

**Regression 
611: final model 

Credit regulation -0.0916 
(-1.19) 

 -0.1044 
(-1.15) 

 -0.1949*** 
(-2.63) 

0.2234* 
(1.72) 

0.2461* 
(1.87) 

0.2499* 
(1.90) 

Foreign-owned banks ratio -0.1939 
(-0.20) 

 2.3291 
(1.10) 

 ---     

Foreign banks assets ratio -1.3466* 
(-1.75) 

-1.1935*** 
(-2.45) 

-3.2346** 
(1.98) 

-1.1745* 
(-1.71) 

---     

Maximum ownership restriction -0.2081* 
(-1.95) 

-0.1835* 
(-1.88) 

-0.4675 
(-1.64) 

-0.5772* 
(-1.87) 

---     

Security business restriction ---  ---  --- -0.7149*** 
(-2.57) 

-0.7056*** 
(-2.48) 

-0.7215*** 
(-2.53) 

Influence of the supervisor 0.5526* 
(1.83) 

0.0923 
(1.01) 

0.7581* 
(1.67) 

0.4467* 
(1.81) 

--- -1.4796** 
(-2.15) 

-1.4530** 
(2.09) 

-1.4200** 
(-2.03) 

Single financial supervisor -0.4121 
(-1.40) 

 -0.4112* 
(-1.68) 

 -0.8949*** 
(-2.60) 

0.8235* 
(1.74) 

0.7825 
(1.62) 

0.7585 
(1.57) 

Control variables NO NO YES YES YES YES YES YES 
Country and time fixed effects NO NO NO NO YES YES YES YES 

Test results 
Jarque-Berra test 
(H0: Residuals are normally distributed) 

11.990 
(0.0025) 

18.840 
(0.0001) 

8.270 
(0.016) 

10.250 
(0.0059) 

8.370 
(0.0152) 

19.210 
(0.0001) 

4.790 
(0.0911) 

2.130 
(0.3445) 

Ramsey RESET test 
(H0: No functional form misspecification) 

1.81 
(0.1516) 

1.89 
(0.1371) 

8.48 
(0.0001) 

8.79 
(0.0001) 

9.49 
(0.0000) 

14.78 
(0.0000) 

17.66 
(0.0000) 

19.55 
(0.0000) 

Test for joint significance of variables of 
interest 
(H0: No joint significance)  

 2.30 
(0.0822)         

1.94 
(0.1086) 

 2.01 
(0.0978) 

Number of variables 7 3 24 20 42 39 39 39 
Number of observations 90 95 89 94 89 139 138 137 
Number of countries 7 7 7 7 7 8 8 8 
R-squared 0.1832 0.1027 0.4168 0.3816 0.4187 0.3534 0.3653 0.3993 

                                                
10 Without observation of an IPO of the company “Mitex”, Poland, 1999 
11 Without observation of an IPO of the company “Miejskie Przedsiębiorstwo Energetyki Cieplnej Wrocław”, Poland, 2000 
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*, **, *** stand for the 10%, 5%, and 1% level of significance respectively. Dependent variable is the level of 
IPO underpricing. Numbers in brackets show t-statistics for variables of interest, p-value for Jarque-Berra test, 
Ramsey RESET test, and the test for joint significance. Regression is run using robust errors. “---” stands for 
excluded variables due to lack of variation. Information about coefficients on controlling variables from Step 3 
can be found in Appendix 8. The results of tests for joint significance of final models’ variables are showed in 
Appendix 10. 
 

 The ability of the supervisor to influence the changes in the banks’ structure has a 

negative impact on IPO underpricing. The results are consistent with the expectations. That 

is, the more regulated is the banking sector the less is the information asymmetry-related 

costs. Hence, the lower underpricing is anticipated in the equilibrium. 

 Single financial supervisor of the banking industry in the country is associated with 

lower IPO underpricing. The regression output clearly contradicts the arguments of Tovar 

Landa (2002) and Hopp and Dreher (2007). However, the findings are consistent with Ahn 

who describe possible drawbacks of the single regulator system on the example of the single 

indepedent financial regulator – “a single regulator could be captured by monopolistic 

behaviour which stifles financial innovation”. Hence, the risks of higher rents from the banks 

to the regulator might be stimulated which in turn might result in pricing inefficiencies such 

as higher IPO underpricing.  

 As it was noted earlier the observations including foreign-owned banks ratio and 

foreign-owned bank assets ratio are few due do data unavailability. In the final regression 

including all fixed effects, both variables are dropped. However, in the preceding regressions 

foreign-owned bank assets is always found to be significant which is consistent with Hopp 

and Dreher’s results. That is why further empirical research is required into the influence of 

foreign players’ presence in the market on the extent of IPO underpricing. 

7.2.1 Extra Case with the Model Specification Improvement 

The tests for the first hypothesis final regression as well as for the second hypothesis final 

regressions show that residuals are not normally distributed. In case of the latter the normality 

of the residuals is found to be easily obtainable. To improve the model specification two 

observations whose residuals were unusual for the sample (see Appendix 5.) are deleted in 

separate steps that are also showed in Figure 7 (Regression 6* and Regression 6**, 

respectively). The only noticeable difference becomes the loss of significance of a single 

supervisor variable. However, as all four variables of interest are jointly significant it is not 

eliminated in the final model of the extra case. 
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7.3 Results for Integration of Hypotheses 1 and 2 in a Single Model 

Michelacci and Suarez (2004) and Demirguc-Kunt and Levine (1995) argue that bank 

regulation may have an effect on stock market development. Therefore, to eliminate the 

potential problem of omitted variables one needs to run the regression including variables 

from both hypotheses to test for robustness of the received results. However, the findings do 

not provide any new information to analyze. 

 In Appendix 7 the regression results are shown. As it is noticed, all variables from the 

first hypothesis cannot be included in the regression due to lack of variation when the second 

hypothesis variables are added. The problem is attributed to the data sample characteristics. 

Hence, no conclusion can possibly be made on this issue, and it is left for further research to 

clarify whether the results change when testing for two hypotheses jointly. 

8 Conclusions 

Asymmetric information and institutional theories are the most developed in the IPO 

underpricing literature (Ljungqvist, 2006). This paper examines the influence of institutional 

and legal factors, suggested by Hopp and Dreher (2007), on IPO underpricing variation 

across CEE countries.  

 Having studied the effect of equity capital market development on IPO underpricing it 

was found that market size is positively related to underpricing, confirming the proposition of 

Michelacci and Suarez (2004), who suggested that more developed stock markets facilitate an 

increasing amount of new entrants going public pre-maturely. Therefore, IPO underpricing 

on such markets should in general be higher. This supports the first hypothesis, which cannot 

be rejected. 

 However, no support was found in favor of the second hypothesis. The banking 

regulation proxies did not show any monosemantic effect. This is generally consistent with 

Barth et al. (2004). The results suggest very weak evidence for banking regulation influence 

on IPO underpricing. Thus, second the hypothesis can be rejected. 

 To conclude all of the above and answer the posed research question, more support 

for a positive answer was found. Thus, legal and institutional factors (do seem to) have an 

influence on IPO underpricing. 
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9 Limitations of the Study and Suggestions for Further Research 

The current paper has mostly four limitations. Firstly, the second hypothesis may lack 

external validity due to its sample size which accounts to maximum 140 observations out of 

ca 200 possible. Therefore, the results of this hypothesis might not be applicable for all CEE 

countries where IPOs actually took place, also taking into account that some of the variables 

had very little (if any) variation with time and across countries. Thus, it is suggested to find 

more information about particular variables to make results more representative. 

Secondly, the dataset is biased towards Poland, whose companies that went public 

prevail in the sample. Unfortunately, little can be done about this issue. Other stock markets 

simply did not turn out to be so active in the period of time in question. 

The third limitation is possible model misspecification or omitted variables. As for the 

former, the proof was found of its presence (see Ramsey RESET test results in tables with 

results of regressions). Additionally, each variable of interest was plotted against the 

dependant variable, showing distribution of the IPO underpricing levels given the values of 

variables of interest from the first hypothesis. Nevertheless, no straightforward relation of 

functional form other than linear could be suggested in each case. 

 As for possible omitted variables, Demirguc-Kunt and Levine (1995) propose some 

further measurements of stock market development apart from size and liquidity that 

correlate with variables of interest and the dependent variable. Thus, such factors could be 

considered as omitted variables in the model. Correlations of these variables with the 

variables of interest used in the first hypothesis are summarized in the Figure 8. 

 Demirguc-Kunt and Levine (1995) suggest e. g. volatility to be a measure of stock 

market development. It is considered to be lower in more developed markets (see Figure 8). 

This could imply that investors are expected to require a lower level of IPO underpricing 

when it takes place on a stock market with lower volatility because they expect share prices 

to be relatively stable. Therefore, volatility could be an omitted variable in the first 

hypothesis. 

The latter authors use the arbitrage pricing (APT) and international capital asset 

pricing models (ICAPM) to measure capital market integration. If the models capture all 

systematic expected returns on assets above the risk-free interest rate, the mispricing value 

should be equal to zero showing no arbitrage possibilities. Correlations in the Figure 8 

suggest that higher mispricing accompanies smaller and less liquid stock markets. Therefore, 

deviations from the model could point at worse stock market integration and overall lower 
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development resulting in “poor information about firms, high transactions costs, and official 

barriers to international asset trading”. This could cause higher level of IPO underpricing due 

to asymmetric information problem suggested by Ljungqvist (2006). Thus, these two 

mispricing measures could be omitted variables in the hypothesis 1. Overall suggestion for 

omitted variables would be to try to find information on the afore-mentioned factors (such as 

stock market volatility) and insert them in the model used in the present paper. 

Figure 8. Correlation matrix between variables of interest and possible omitted 

variables. 

 Volatility APT 
mispricing 

ICAPM 
mispricing 

Market 
concentration 

Institutional 
development 

Stock market 
total/GDP 

-0.37* 
0.03 
35 

-0.47* 
0.02 
23 

-0.52* 
0.01 
23 

-0.38* 
0.06 
25 

0.51* 
0.02 
19 

Stock market 
traded/GDP 

-0.29 
0.09 
35 

-0.54* 
0.01 
23 

-0.49* 
0.02 
23 

-0.52* 
0.01 
25 

0.57* 
0.01 
19 

Stock market 
turnover 

-0.04 
0.83 
35 

-0.26 
0.22 
23 

-0.13 
0.54 
23 

0.4* 
0.05 
25 

0.61* 
0.01 
19 

Table is adopted from Demirguc-Kunt and Levine (1995) 
The upper number shows correlation; the middle number provides P-values; the lower number shows how many 
countries were included in the correlation. Demirguc-Kunt and Levine (1995) require a correlation to have up to 
5% high P-value to be counted as significant if the number of countries is above 25, and at most 10% big P-
value if the number of countries lies below 25. Therefore, significant correlations are marked with asterisk (*). 
 

 The last suggestion concerns the issue of going public pre-maturely. It was many 

times referred to during the analysis of the first hypothesis; however, no information was 

provided on how to capture this phenomenon. One idea could be controlling for the age of a 

company going public at the moment of IPO. However, pre-maturity could also be described 

by some internal financial indicators, e.g. ROE, D/E ratio, etc. 
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Appendices12 
Appendix 1. Descriptive Statistics of Variables 

Variable Observations Mean Std. Dev. Min Max 
Control variables 

Economic growth 204 4.31 1.38 1.12 9.78 

IMF programme, dummy 204 0.18 0.38 0 1 

Market return 203 0.35 0.27 -0.23 1.7 

Natural logarithm of IPO 204 2.75 1.13 0 3.64 

EU membership,  dummy 204 0.59 0.49 0 1 

Chemicals industry, dummy 204 0.06 0.24 0 1 

Construction industry, dummy 204 0.05 0.23 0 1 

Energetics industry, dummy 204 0.07 0.25 0 1 

Finance industry, dummy 204 0.14 0.35 0 1 

Food industry, dummy 204 0.05 0.22 0 1 

IT industry, dummy 204 0.10 0.30 0 1 

Media industry, dummy 204 0.06 0.24 0 1 

Oil & gas industry, dummy 204 0.03 0.17 0 1 

Real estate industry, dummy 204 0.03 0.18 0 1 

Retail industry, dummy 204 0.07 0.26 0 1 

Telecom industry, dummy 204 0.04 0.21 0 1 

Wholesale industry, dummy 204 0.09 0.29 0 1 

Variables of Interest 
Hypothesis 1 

Stock market total/GDP 204 0.26 0.09 0.05 0.49 

Stock market traded/GDP 204 0.10 0.07 0.01 0.34 

Access to equity 197 4.69 0.58 3.2 6 

Stock market turnover 204 0.40 0.18 0.07 1.10 

Relative market efficiency 204 0.004 0.003 0.0002 0.02 

Hypothesis 2 
Credit regulation 152 7.04 1.99 3.39 9.68 

Foreign-owned banks ratio 111 0.67 0.12 0.39 0.86 

Foreign-owned bank assets ratio 107 0.64 0.13 0.19 0.9 

Max. ownership restrictions, dummy 141 0.06 0.23 0 1 

Security business restrictions 141 1.71 0.46 1 2 

Deposit insurance scheme, dummy 141 1 0 1 1 

Influence of the supervisor, dummy 141 0.65 0.48 0 1 

Single financial supervisor, dummy 141 0.82 0.38 0 1 

                                                
12 All tables in the Appendices are compiled by authors except for Appendix 2 that was partly taken from Hopp 
and Dreher (2007). 
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Appendix 2. Description and Sources of Variables  
Variable Description Source 

Control Variables 
Economic 
growth 

Annual change in real GDP 
expressed in percent 

World development indicators 
2007. 
Retrieved January 6, 2008 from the 
Library of the University of 
Friedrich-Alexander Erlangen-
Nuremberg Web site: 
<http://rzblx10.uni-
regensburg.de/dbinfo/detail.php?bib
_id=ub_en&colors=&ocolors=&tite
l_id=1843> 

IMF 
programme, 
dummy 

Presence of the IMF programme for 
at least 5 month (“1” –  presence,  “0” 
– absence) 

Retrieved January 21, 2008 from 
the IMF Web site: 
<http://www.imf.org/external/np/fin
/tad/exfin1.aspx> 

EU 
membership, 
dummy 

Indicates whether a country is an EU 
memberstate (“1” –  member, “0” – 
non-member) 

Retrieved January 22, 2008 from 
the European Union “EUROPA” 
Web site: 
<http://europa.eu/> 

Market return Annual change in a stock market 
capitalization index expressed as a 
decimal 

Natural 
logarithm of 
IPO 

Natural logarithm of an annual 
number of IPOs 

Industry 
dummies 

Indicates whether a company belongs 
to one of the following industries: 
chemicals, construction, energetic, 
finance, food, information 
technology, media, oil & gas, real 
estate, telecommunications, retail, or 
wholesale (“1” belongs; “0” doesn’t 
belong) 

Information gained from CEE stock 
markets’ web sites* 

Variables of Interest 
Variable Description Source Hypothesized 

influence on IPO 
underpricing 

Hypothesis 1 
Stock market 
total/GDP 

Stock market capitalization to GDP 
expressed as a decimal 

Positive 

Stock market 
traded/GDP 

Stock market total value traded to 
GDP expressed as a decimal 

Positive 

Stock market 
turnover 

Stock market turnover ratio expressed 
as a decimal 

Positive 

Relative market 
efficiency 

Efficiency of stock markets relative 
to the banking sector expressed as a 
decimal 

Database from Beck, T., Demirgüç-
Kunt, A. & Levine, R. (2000). A 
New Database on Financial 
Development and Structure. World 
Bank Economic Review 14, 597-
605. Retrieved January, 14 from the 
World Bank Web site:  
go.worldbank.org/X23UD9QUX0 

Positive 

Access to 
equity 

Index of the extent to which business 
executives in a country agree with the 
statement “Stock markets are open to 
new firms and medium-sized firms.” 
Scale from 1 (strongly agree) to 7 
(strongly disagree) 

Global Competitiveness Reports 
1999-2006 

Positive 
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Hypothesis 2 
Credit 
regulation 

Credit Market Regulations. Includes: 
ownership of banks: percentage of 
deposits held in privately owned 
banks; competition: domestic banks 
face competition from foreign banks; 
extension of credit: percentage of 
credit extended to private sector; 
avoidance of interest rate controls 
and regulations that lead to negative 
real interest rates, and interest rate 
controls: interest rate controls on 
bank deposits and/or loans are freely 
determined by the market 

Database from Gwartney, J. & 
Lawson, R. Retrieved February 8, 
2008 from the Economic Freedom 
of The World Web site: 
<http://www.freetheworld.com/repo
rts.html> 

Negative 

Foreign-owned 
banks ratio 

Number of foreign-owned banks to 
total number of banks expressed as a 
decimal 

Negative 

Foreign-owned 
bank assets 
ratio 

Share of assets of foreign-owned 
banks in total banking assets  
expressed as a decimal 

Naaborg, I. J. (2007). Foreign Bank 
Entry and Performance with a 
focus on Central and Eastern 
Europe. Retrieved February 1, 2008 
from the University of Groningen 
Web site: 
<http://irs.ub.rug.nl/ppn/299316041
> 

Negative 

Max. ownership 
restriction, 
dummy 

Indicates whether there is a 
maximum percentage of bank capital 
that can be owned by a single owner 

Negative 

Security 
business 
restrictions 

Measures the extent to which banks 
may engage in underwriting, 
brokering and 
dealing in securities, and all aspects 
of the mutual fund industry. 
Unrestricted “1” full range of 
activities can be conducted directly in 
the bank; Permitted “2” full 
range of activities can be conducted, 
but some or all must be conducted in 
subsidiaries; Restricted “3” less than 
full range of activities can be 
conducted in the bank or subsidiaries; 
and Prohibited “4” the activity cannot 
be conducted in either the bank or 
subsidiaries. 

Positive 

Deposit 
insurance 
scheme, 
dummy 

Indicates whether a deposit insurance 
scheme exists 

Negative 

Influence of the 
supervisor, 
dummy 

Indicates whether the supervisory 
authority can force a bank to change 
its internal organizational structure 
(“1” – can, “0” – cannot) 

Negative 

Single financial 
supervisor, 
dummy 

Indicates whether there is a single 
financial supervisory agency for the 
financial sector 

Database from Barth, J., Caprio, G. 
& Levine, R. (2004). Bank 
regulation and supervision: what 
works best? Journal of Financial 
Intermediation, 13, 205 – 248. 
Retrieved January, 28 from the 
World Bank Web site: 
<http://econ.worldbank.org/WBSIT
E/EXTERNAL/EXTDEC/EXTRES
EARCH/0,,contentMDK:20345037
~pagePK:64214825~piPK:6421494
3~theSitePK:469382,00.html > 

Negative 
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*CEE stock markets’ web sites (note: underpricing data was collected from personal 
communications with representatives of the stock markets): 
Albania – http://www.tse.com.al/ 
Croatia – http://www.zse.hr 
Bulgaria – http://www.bse-sofia.bg/ 
Czech Republic – http://www.pse.cz/ 
Estonia – http://baltic.omxgroup.com/ 
Hungary – http://www.bse.hu/ 
Latvia – http://www.lv.omxgroup.com 
Lithuania – http://www.lt.omxgroup.com 
Macedonia – http://www.mse.org.mk/ 
Poland – http://www.gpw.pl/index.asp 
Romania – http://bvb.ro/ 
Slovakia – http://www.bsse.sk/ 
Slovenia – http://www.ljse.si/ 
Serbia and Montenegro - http://www.belex.co.yu/ 

Appendix 3. Tests for Joint Significance of Fixed Effects Dummies 

Hypothesis 1 
 

Full model 
 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (9, 157) = 2.13   F (6, 157) = 0.68   F (15, 157) = 1.70 
Prob > F = 0.0302**   Prob > F = 0.6700   Prob > F = 0.0559* 

 
Final model 

 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (11,164) = 1.88   F (6, 164) = 1.09   F (17, 164) = 1.51 
Prob > F = 0.0451**   Prob > F = 0.3716   Prob > F = 0.0972* 
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Hypothesis 2 (without banks) 
Full and final model 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (6, 107) = 1.49   F (4, 107) = 1.43   F (10, 107) = 1.00 
Prob > F = 0.1886   Prob > F = 0.2303   Prob > F = 0.4499 

 
Hypothesis 2 (with banks) 

Full model 
 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (4, 64) = 4.65   F (3, 64) = 3.21   F (4, 64) = 4.65 
Prob > F = 0.0023***   Prob > F = 0.0286**   Prob > F = 0.0023*** 

 
Final model 

 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (6, 107) = 1.49   F (4, 107) = 1.43   F (10, 107) = 1.00 
Prob > F = 0.1886   Prob > F = 0.2303   Prob > F = 0.4499 

 
Hypothesis 2 (improving normality) 

Full model 
 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (6, 106) = 1.30   F (4, 106) = 1.36   F (10, 106) = 0.89 
Prob > F = 0.2621   Prob > F = 0.2522   Prob > F = 0.5463 

 



Krečetovs & Popovičs   38 

Final model 
 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (6, 105) = 1.45   F (4, 105) = 1.35   F (10, 107) = 1.11 
Prob > F = 0.2028   Prob > F = 0.2548   Prob > F = 0.3591 

 
Integrated model 

Full model with banks 
 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (4, 64) = 4.69   F (1, 64) = 5.47   F (5, 64) = 3.76 
Prob > F = 0.0022***   Prob > F = 0.0225**   Prob > F = 0.0048*** 

 
Full model without banks 

 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (5, 107) = 1.84   F (4, 107) = 1.76   F (9, 107) = 1.07 
Prob > F = 0.1110   Prob > F = 0.1431   Prob > F = 0.3898 

 
Final model 

 

Joint significance of time 
fixed effects dummies 

Joint significance of 
country fixed effects 
dummies 

Joint significance of country 
and time fixed effects 
dummies 

STATA output of 
test for joint 
significance   

STATA output of 
test for joint 
significance   

STATA output of test for 
joint significance 

F (6, 107) = 1.49   F (4, 107) = 1.43   F (10, 107) = 1.00 
Prob > F = 0.1886   Prob > F = 0.2303   Prob > F = 0.4499 

*, **, *** stand for the 10%, 5%, and 1% level of significance respectively. 
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Appendix 4. Correlation Matrices 
Correlation matrix between the dependent and macro-control variables. 

  
Level of 
underpricing 

Economic 
growth 

IMF 
programme, 
dummy 

Market 
return 

Natural 
logarithm 
of IPO 

EU 
membership, 
dummy 

Level of 
underpricing 1           
Economic growth -0.0355 1         
IMF programme, 
dummy 0.0841 -0.0309 1       
Market return 0.2517 -0.2374 0.2604 1     
Natural logarithm 
of IPO -0.0085 -0.1155 -0.6227 -0.1152 1   
EU membership, 
dummy -0.0614 0.0795 -0.5221 0.0396 0.4816 1 

 
Correlation matrix between predictor variables within Hypothesis 1. 

  

Stock 
market 
total/GDP 

Stock market 
traded/GDP 

Stock 
market 
turnover 

Access 
to equity 

Relative 
market 
efficiency 

Stock market total/GDP 1         
Stock market traded/GDP 0.5425 1       
Stock market turnover 0.1788 0.8757 1     
Access to equity -0.0871 -0.288 -0.3907 1   
Relative market efficiency 0.3061 0.9156 0.9294 -0.2698 1 

 
Correlation matrix between predictor variables within Hypothesis 2 (including foreign-
owned bank assets ratio variables). 

  

Credit 
regulation 

Foreign-
owned 
banks 
ratio 

Foreign-
owned 
bank 
assets 
ratio 

Max. 
ownership 
restriction, 
dummy 

Security 
business 
restrictions 

Influence 
of the 
supervisor, 
dummy 

Single 
financial 
supervisor, 
dummy 

Credit regulation 1             
Foreign-owned 
banks ratio 0.7879 1           
Foreign-owned 
bank assets ratio 0.5921 0.7332 1         
Max. ownership 
restriction, 
dummy 0.2032 -0.0188 -0.0692 1       
Security business 
restrictions . . . . .     
Influence of the 
supervisor, 
dummy 0.8316 0.7397 0.4187 0.2988 . 1   
Single financial 
supervisor, 
dummy -0.2848 -0.0826 -0.3102 0.1283 . 0.1765 1 
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Correlation matrix between predictor variables within Hypothesis 2 (excluding foreign-
owned bank assets ratio variables). 

  

Credit 
regulation 

Foreign-
owned 
banks 
ratio 

Max. 
ownership 
restriction, 
dummy 

Security 
business 
restrictions 

Influence 
of the 
supervisor, 
dummy 

Single 
financial 
supervisor, 
dummy 

Credit regulation 1           
Foreign-owned 
banks ratio 0.8027 1         
Max. ownership 
restriction, 
dummy 0.1795 -0.0383 1       
Security business 
restrictions -0.0103 -0.084 0.0445 1     
Influence of the 
supervisor, 
dummy 0.8287 0.7482 0.2758 -0.1334 1   
Single financial 
supervisor, 
dummy -0.2419 -0.0815 0.1313 0.3387 0.1282 1 

 

Appendix 5.  List of boundary residuals. 

Company 
Predicted 
Residuals 

1. Stalprofi -0.6175 
2. Beefsan -0.5710 
3. Hoga.pl -0.5702 
4. Projprzem     -0.4805 
5. Kzwm     -0.4787 
6. GRUPUL DE PRESA S.A.      -0.4737 
7. Pollena Ewa     -0.4241 
8. Tu Europa     -0.3983 
9. BIF     -0.3977 
10. Centrozap     -0.3838 

 
133. Elstaroil    0.4151 
134. S.S.I.F. BROKER S.A.      0.4737 
135. Css    0.5309 
136. Mci    0.5506 
137. Szeptel    0.5549 
138. Mpecwro    0.7377 
139. Mitex   1.1462 
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Appendix 6. The Results of Regressions for Hypothesis 213. 
 Step 1 Step 2 Step 3 

 Variables of interest 
Regression 1: 
rich model 

Regression 2: 
final model 

Regression 3: 
rich model 

Regression 4: 
final model 

Regression 5: 
rich model 

Regression 6: 
final model 

Credit regulation -0.0596 
(-1.55) 

 -0.04321 
(-1.55) 

 0.2234* 
(1.72) 

0.2234* 
(1.72) 

Foreign-owned banks ratio        
Foreign banks assets ratio        
Maximum ownership restriction -0.0981 

(-1.17) 
 -0.1149 

(-0.64) 
 ---   

Security business restriction 0.0341 
(0.75) 

 0.0901 
(1.39) 

 -0.7149*** 
(-2.57) 

-0.7149*** 
(-2.57) 

Influence of the supervisor 0.224 
(1.23) 

 -0.0616 
(-0.51) 

 -1.4796** 
(-2.15) 

-1.4796** 
(-2.15) 

Single financial supervisor -0.1908 
(-1.26) 

 -0.0033 
(-0.02) 

 0.8235* 
(1.74) 

0.8235* 
(1.74) 

Control variables NO   YES   YES YES 
Country and time fixed effects NO  NO  YES YES 

Test results 
Jarque-Berra test 
(H0: Residuals are normally distributed) 

31.640 
(0.0000)  22.870 

(0.0000)  19.210 
(0.0001) 

19.210 
(0.0001) 

Ramsey RESET test 
(H0: No functional form misspecification) 

0.34 
(0.7988)  10.74 

(0.0000)  14.78 
(0.0000) 

14.78 
(0.0000) 

Number of variables 5  22  40 40 
Number of observations 140  139  139 139 
Number of countries 8  8  8 8 
R-squared 0.0437  0.3129  0.3534 0.3534 

*, **, *** stand for the 10%, 5%, and 1% level of significance respectively. Dependent variable is the level of IPO underpricing. Numbers in brackets show t-
statistics for variables of interest, p-value for Jarque-Berra test, Ramsey RESET test, and the test for joint significance. Regression is run using robust errors. 
“---” stands for excluded variables due to lack of variation.  

                                                
13 Excluding foreign-owned banks ratio and foreign-owned bank assets ratio variables 
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Appendix 7. The Results of Regressions for Integrated Model. 

Variables of interest 

Regression 1: 
rich model 
(with banks) 

Regression 2: 
rich model 
(without banks) 

Regression 3: 
final model14 

Stock market total/GDP --- ---  
Stock market traded/GDP --- ---  
Stock market turnover -0.0683 

(-0.30) 
---  

Market relative efficiency --- ---  
Access to equity 0.0075 

(0.06) 
0.4846 
(0.98) 

 

Credit regulation -0.0834 
(-1.98)* 

0.2328 
(1.79)* 

0.2234 
(1.72)* 

Foreign-owned banks ratio ---    
Foreign banks assets ratio ---    
Maximum ownership restriction --- ---  
Security business restriction --- -0.4579 

(-2.12)** 
-0.7149 
(-2.57)*** 

Influence of the supervisor --- -1.5732 
(-2.62)*** 

-1.4796 
(-2.15)** 

Single financial supervisor 0.0550 
(0.33) 

0.8198 
(1.53) 

0.8235 
(1.74)* 

Control variables YES YES YES 
Country and time fixed effects YES YES YES 

Test results 
Jarque-Berra test 
(H0: Residuals are normally 
distributed) 

8.37 
(0.0152) 

19.21 
(0.0001) 

19.21 
(0.0001) 

Ramsey RESET test 
(H0: No functional form 
misspecification) 

9.49 
(0.0000) 

14.78 
(0.0000) 

14.78 
(0.0000) 

Number of variables 47 45 39 
Number of observations 89 139 139 
Number of countries 7 8 8 
R-squared 0.4187 0.3534 0.3534 

*, **, *** stand for the 10%, 5%, and 1% level of significance respectively 
Dependent variable is the level of IPO underpricing. Numbers in brackets show t-statistics for 
variables of interest, p-value for Jarque-Berra test, Ramsey RESET test, and the test for joint 
significance. Regression is run using robust errors. “---” stands for excluded variables due to 
lack variation. 

                                                
14 Final model is the same for both cases – with and without banks. 
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Appendix 8. The Results for Controlling Variables and Constant Term 

  Hypothesis 1, Step 3 
Hypothesis 2, Step 3 

(with banks) 
Hypothesis 2, Step 3 

(without banks) 
Hypothesis 2, Step 3, 
improving normality Integrated model 

Controlling variables 

Regression 
5: rich 
model 

Regression 
6: final 
model 

Regression 
5: rich 
model 

Regression 
6: final 
model 

Regression 
5: rich 
model 

Regression 
6: final 
model 

*Regression 
6: final 
model 

**Regression 
6: final 
model 

Full 
model 
(with 
banks) 

Full 
model 
(without 
banks) 

Final 
model 
(same for 
version 
with and 
without 
banks) 

Constant Term (α) -4.082 1.0484 1.719 -0.2133 -0.2133 -0.2133 -0.354 -0.4254 0.8869 -3.8645 -0.2133 
  (-1.44) (2.65) (2.75) (-0.14) (-0.14) (-0.14) (-0.23) (-0.27) (1.23) (-1.9) (-0.14) 
Economic growth -0.1669 0.0173 -0.10 0.0138 0.0138 0.0138 0.0193 0.0263 -0.0804 0.1342 0.0138 
  (-2.47) (0.28) (-1.61) (0.15) (0.15) (0.15) (0.20) (0.27) (-1.83) (1.87) (0.15) 
IMF programme, dummy 1.8255 -2.5312 0.372 -0.1071 -0.1071 -0.1071 -0.1443 -0.1762 --- 0.3724 -0.1071 
  (1.06) (-2.07) (1.36) (-0.32) (-0.32) (-0.32) (-0.41) (-0.50)   (0.63) (-0.32) 
EU membership, dummy -0.722 -3.117 --- -1.1285 -1.1285 -1.1285 -1.1856 -1.1863 -1.1476 -1.4276 -1.1285 
  (-1.72) (-2.30)   (-1.37) (-1.37) (-1.37) (-1.41) (-1.41) (-2.65) (-1.88) (-1.37) 
Market return 1.9958 -2.1572 --- 1.2915 1.2915 1.2915 1.1881 1.2036 --- 1.28 1.2915 
  (1.24) (-2.07)   (2.12) (2.12) (2.12) (1.94) (1.97)   (1.99) (2.12) 
Natural logarithm of IPO -0.0829 -0.4357 0.0953 0.5466 0.5466 0.5466 0.5147 0.5066 0.0282 0.27 0.5466 
  (-0.59) (-1.74) (1.21) (1.52) (1.52) (1.52) (1.43) (1.40) (0.73) (2.78) (1.52) 
Chemicals industry, dummy -0.1165 -0.1074 -0.1273 -0.0597 -0.0597 -0.0597 -0.0144 -0.0218 -0.1273 -0.0597 -0.0597 
  (-1.27) (-1.24) (-0.59) (-0.62) (-0.62) (-0.62) (-0.18) (-0.28) (-0.59) (-0.62) (-0.62) 
Construction industry, dummy -0.0776 -0.0663 -0.1898 -0.1033 -0.1033 -0.1033 -0.0439 -0.0446 -0.1898 -0.1033 -0.1033 
  (-0.66) (-0.57) (-1.05) (-0.93) (-0.93) (-0.93) (-0.50) (-0.51) (-1.05) (-0.93) (-0.93) 
Energetics industry, dummy -0.0179 -0.005 0.1785 0.143 0.143 0.143 0.1868 0.0992 0.1785 0.143 0.143 
  (-0.15) (-0.04) (0.77) (1.01) (1.01) (1.01) (1.39) (0.99) (0.77) (1.01) (1.01) 
Finance industry, dummy -0.0636 -0.0542 -0.0623 0.0145 0.0145 0.0145 0.0654 0.0718 -0.0623 0.0145 0.0145 
  (-0.65) (-0.60) (-0.42) (0.14) (0.14) (0.14) (0.74) (0.79) (-0.42) (0.14) (0.14) 
Food industry, dummy -0.2372 -0.2273 -0.332 -0.1982 -0.1982 -0.1982 -0.1593 -0.1495 -0.332 -0.1982 -0.1982 
  (-1.91) (-1.86) (-0.79) (-1.18) (-1.18) (-1.18) (-1.00) (-0.99) (-0.79) (-1.18) (-1.18) 
IT industry, dummy -0.021 -0.003 0.0291 0.0853 0.0853 0.0853 0.1371 0.146 0.0291 0.0853 0.0853 
  (-0.21) (-0.03) (0.17) (0.77) (0.77) (0.77) (1.36) (1.45) (0.17) (0.77) (0.77) 
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Media industry, dummy -0.125 -0.1155 -0.1794 -0.0997 -0.0997 -0.0997 -0.0505 -0.0501 -0.1794 -0.0997 -0.0997 
  (-1.09) (-1.03) (-1.30) (-1.05) (-1.05) (-1.05) (-0.61) (-0.61) (-1.3) (-1.05) (-1.05) 
Oil & gas industry, dummy -0.2065 -0.1489 -0.5493 -0.2151 -0.2151 -0.2151 -0.1467 -0.1479 -0.5493 -0.2151 -0.2151 
  (-1.23) (-0.96) (-2.22) (-1.09) (-1.09) (-1.09) (-0.86) (-0.87) (-2.22) (-1.09) (-1.09) 
Real estate industry, dummy -0.2772 -0.2368 -0.4748 -0.3981 -0.3981 -0.3981 -0.3229 -0.3201 -0.4748 -0.3981 -0.3981 
  (-1.75) (-1.61) (-2.12) (-2.02) (-2.02) (-2.02) (-1.82) (-1.81) (-2.12) (-2.02) (-2.02) 
Retail industry, dummy -0.169 -0.1645 -0.1684 -0.0445 -0.0445 -0.0445 0.0005 0.001 0.1684 -0.0445 -0.0445 
  (-1.98) (-2.01) (-1.25) (-0.55) (-0.55) (-0.55) (0.01) (0.02) (-1.25) (-0.55) (-0.55) 
Telecom industry, dummy 0.0754 0.0846 0.2338 0.1513 0.1513 0.1513 0.1979 0.2129 0.2338 0.1513 0.1513 
  (0.47) (0.53) (0.95) (0.82) (0.82) (0.82) (1.04) (1.11) (0.95) (0.82) (0.82) 
Wholesale industry, dummy -0.2318 -0.2222 -0.3012 -0.1717 -0.1717 -0.1717 -0.1979 -0.1094 -0.3012 -0.1717 -0.1717 
  (-2.39) (-2.38) (-1.87) (-1.57) (-1.57) (-1.57) (-1.32) (-1.25) (-1.87) (-1.57) (-1.57) 
Year 1995, dummy --- 3.5347 --- --- --- --- --- --- --- --- --- 
    (1.52)                   
Year 1996, dummy --- 6.6314 --- --- --- --- --- --- --- --- --- 
    (1.83)                   
Year 1997, dummy -2.5948 2.2228 --- --- --- --- --- --- --- --- --- 
  (-0.94) (1.54)                   
Year 1998, dummy -0.3837 -1.2832 0.2951 -0.1734 -0.1734 -0.1734 -0.2043 -0.0667 --- --- -0.1734 
  (-0.44) (-2.17) (0.93) (-0.26) (-0.26) (-0.26) (-0.30) (-0.10)     (-0.26) 
Year 1999, dummy -0.7702 -0.898 0.52 -0.5104 -0.5104 -0.5104 -0.4981 -0.4409 0.1191 -0.6984 -0.5104 
  (-0.76) (-2.17) (3.02) (-1.49) (-1.49) (-1.49) (-1.42) (-1.27) (0.54) (-1.62) (-1.49) 
Year 2000, dummy -0.4296 -2.7526 --- --- --- --- --- --- -0.4272 -0.397 --- 
  (-0.92) (-2.64)             (-1.71) (-1.72)   
Year 2001, dummy -2.3919 -2.5133 --- 0.3608 0.3608 0.3608 0.1966 0.2196 --- -0.7265 0.3608 
  (-2.14) (-2.75)   (0.97) (0.97) (0.97) (0.58) (0.65)   (-1.04) (0.97) 
Year 2002, dummy -2.0345 -1.9719 --- 0.3461 0.3461 0.3461 0.195 0.2291 --- --- 0.3461 
  (-2.00) (-2.94)   (1.07) (1.07) (1.07) (0.69) (0.81)     (1.07) 
Year 2003, dummy -2.1753 -1.2257 1.0401 0.2119 0.2119 0.2119 0.113 0.1403 0.1544 -0.116 0.2119 
  (-1.58) (-2.48) (3.17) (0.50) (0.50) (0.50) (0.27) (0.33) (0.81) (-0.33) (0.50) 
Year 2004, dummy -1.0975 1.3988 1.0251 0.8945 0.8945 0.8945 0.8911 0.9136 1.2914 0.9223 0.8945 
  (-1.27) (1.78) (3.58) (2.51) (2.51) (2.51) (2.41) (2.47) (2.95) (2.47) (2.51) 
Year 2005, dummy -0.6201 0.279 --- --- --- --- --- --- --- --- --- 
  (-1.64) (1.40)                   
Bulgaria, dummy 0.4263 0.1014 -0.9617 -0.3382 -0.3382 -0.3382 -0.4022 -0.3917 -1.0022 0.2658 -0.3382 
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  (1.29) (0.41) (-2.53) (-1.60) (-1.60) (-1.60) (-2.00) (-1.94) (-2.34) (0.61) (-1.60) 
Croatia, dummy 2.6855 -1.7899 --- 0.3011 0.3011 0.3011 0.2278 0.2596 --- 1.0634 0.3011 
  (0.95) (-1.93)   (0.36) (0.36) (0.36) (0.27) (0.31)   (2.15) (0.36) 
Czech Republic, dummy 2.2619 -1.863 -0.7387 0.7835 0.7835 0.7835 0.7929 0.7763 --- 1.7943 0.7835 
  (0.94) (-1.75) (-2.85) (1.61) (1.61) (1.61) (1.58) (1.55)   (2.40) (1.61) 
Estonia, dummy 0.7229 -0.6782 --- --- --- --- --- --- --- --- --- 
  (0.50) (-1.15)                   
Hungary, dummy 2.7922 -2.2999 0.2226 --- --- --- --- --- --- 0.605 --- 
  (0.96) (-1.82) (0.79)             (1.53)   
Latvia, dummy --- 2.526 --- --- --- --- --- --- --- --- --- 
    (2.10)                   
Poland, dummy 2.105 --- --- -1.4897 -1.4897 -1.4897 -1.3957 -1.3563 --- --- -1.4897 
  (1.02)     (-1.12) (-1.12) (-1.12) (-1.04) (-1.01)     -1.12 

Numbers in brackets show t-statistics for control variables. Regression is run using robust errors. “---” stands for excluded variables due to lack variation. The dummy for the year 2006 and the 

dummy for Romania were not included in all regressions in order to ensure no perfect multicollinearity is present. 
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Appendix 9. Multicollinearity Analysis 
Hypothesis 1 variance inflation factors 

  Step 1 Step 2 Step 3 

  
Regression 

1 
Regression 

2 
Regression 

3 
Regression 

4 
Regression 

5 
Regression 

6 
Mean VIF 9.29 1.12 4.91 1.61 1117.37* 135.99* 
Stock market total/GDP 3.22 1.1 5.89 2.7 4000.7* 507.33* 
Stock market traded/GDP 16.55*  26.33*  2093.14*  
Stock market turnover 13.58*  20.21*  499.56*  
Relative market efficiency 11.79* 1.18 19.16* 1.85 2911.81* 152.17* 
Access to equity 1.32 1.08 5.06  738.96*  
Economic growth   1.56 1.24 98.23* 26.68* 
IMF programme, dummy   3.61 2.41 4060.03* 515.03* 
EU membership,  dummy   5.26 2.78 148.11* 1097.36* 
Market return   2.57 1.67 1350.7* 251.55* 
Natural logarithm of IPO   1.93 1.95 401.38* 224.61* 
Chemicals industry, dummy   1.3 1.28 1.4 1.39 
Construction industry, dummy   1.28 1.26 1.33 1.32 
Energetics industry, dummy   1.53 1.44 1.68 1.63 
Finance industry, dummy   1.66 1.65 1.93 1.89 
Food industry, dummy   1.33 1.29 1.4 1.4 
IT industry, dummy   1.48 1.44 1.58 1.55 
Media industry, dummy   1.36 1.33 1.4 1.38 
Oil & gas industry, dummy   1.19 1.16 1.22 1.3 
Real estate industry, dummy   1.14 1.13 1.36 1.29 
Retail industry, dummy   1.43 1.37 1.5 1.48 
Telecom industry, dummy   1.21 1.18 1.42 1.42 
Wholesale industry, dummy   1.53 1.47 1.6 1.58 
Year 1995, dummy     --- 183.01* 
Year 1996, dummy     --- 512.44* 
Year 1997, dummy     2470.69* 161.23* 
Year 1998, dummy     186.43* 46.62* 
Year 1999, dummy     1450.95* 136.53* 
Year 2000, dummy     70.16* 173.66* 
Year 2001, dummy     285.56* 77.12* 
Year 2002, dummy     110.27* 16.22* 
Year 2003, dummy     591.23* 26.75* 
Year 2004, dummy     1617.68* 182.54* 
Year 2005, dummy     264.88* 15.91* 
Bulgaria, dummy     12.89* 7.54 
Croatia, dummy     2150.06* 48.05* 
Czech Republic, dummy     1092.54* 49.83* 
Estonia, dummy     747.25* 34.63* 
Hungary, dummy     7222.51* 407.84* 
Latvia, dummy     --- 23.48* 
Poland, dummy     6749.08* --- 

* – potential multicollinearity; “---“ stands for excluded variables due to lack of variation. 
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Hypothesis 2 (without banks) variance inflation factors 
  Step 1 Step 2 Step 3 
  Regression 1 Regression 3 Regression 5 Regression 6 
Mean VIF 2.92 4.68 226.4* 226.4* 
Credit regulation 4.8 15.66* 715.89* 715.89* 
Max. ownership restrictions, dummy 1.13 5.6 ---  
Security business restrictions 1.4 2.46 105.6* 105.6* 
Influence of the supervisor, dummy 5.28 18.84* 650.77* 650.77* 
Single financial supervisor, dummy 2 9.27 103.69* 103.69* 
Economic growth  2.74 123.41* 123.41* 
IMF programme, dummy  11.26* 120.62* 120.62* 
EU membership,  dummy  15.98* 1119.64* 1119.64* 
Market return  1.74 22.68* 22.68* 
Natural logarithm of IPO  3.14 1236.87* 1236.87* 
Chemicals industry, dummy  1.33 1.38 1.38 
Construction industry, dummy  1.29 1.31 1.31 
Energetics industry, dummy  1.55 1.7 1.7 
Finance industry, dummy  1.6 1.89 1.89 
Food industry, dummy  1.25 1.36 1.36 
IT industry, dummy  1.45 1.58 1.58 
Media industry, dummy  1.26 1.29 1.29 
Oil & gas industry, dummy  1.15 1.17 1.17 
Real estate industry, dummy  1.21 1.33 1.33 
Retail industry, dummy  1.31 1.4 1.4 
Telecom industry, dummy  1.38 1.52 1.52 
Wholesale industry, dummy  1.41 1.47 1.47 
Year 1995, dummy   --- --- 
Year 1996, dummy   --- --- 
Year 1997, dummy   --- --- 
Year 1998, dummy   108.07* 108.07* 
Year 1999, dummy   62.99* 62.99* 
Year 2000, dummy   --- --- 
Year 2001, dummy   91.07* 91.07* 
Year 2002, dummy   20.29* 20.29* 
Year 2003, dummy   77.29* 77.29* 
Year 2004, dummy   180.34* 180.34* 
Year 2005, dummy   --- --- 
Bulgaria, dummy   15.21* 15.21* 
Croatia, dummy   26.5* 26.5* 
Czech Republic, dummy   9.2 9.2 
Estonia, dummy   --- --- 
Hungary, dummy   --- --- 
Latvia, dummy   --- --- 
Poland, dummy   2210.81* 2210.81* 

* – potential multicollinearity; “---“ stands for excluded variables due to lack of variation. 
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Hypothesis 2 (with banks) variance inflation factors (I) 
  Step 1 Step 2 
  Regression 1 Regression 2 Regression 3 Regression 4 
Mean VIF 5.08 1.23 12.84* 4.84 
Credit regulation 10*  44.82*  
Foreign-owned banks ratio 5.1  45.08*  
Foreign-owned bank assets ratio 2.58 1.21 29.4* 6.17 
Max. ownership restrictions, dummy 1.3 1.16 10.29* 7.46 
Security business restrictions ---  ---  
Influence of the supervisor, dummy 8.67 1.33 71.63* 26.13* 
Single financial supervisor, dummy 2.85  11.11*  
Economic growth   5.98 2.91 
IMF programme, dummy   16.11* 10.19* 
EU membership,  dummy   22.27* 19.02* 
Market return   12.62* 3.91 
Natural logarithm of IPO   7.32 3.33 
Chemicals industry, dummy   1.34 1.32 
Construction industry, dummy   1.38 1.36 
Energetics industry, dummy   2.13 1.73 
Finance industry, dummy   2.11 2.02 
Food industry, dummy   1.21 1.38 
IT industry, dummy   1.71 1.57 
Media industry, dummy   1.41 1.37 
Oil & gas industry, dummy   1.18 1.18 
Real estate industry, dummy   1.41 1.35 
Retail industry, dummy   1.45 1.46 
Telecom industry, dummy   1.74 1.51 
Wholesale industry, dummy   1.67 1.51 
Year 1995, dummy     
Year 1996, dummy     
Year 1997, dummy     
Year 1998, dummy     
Year 1999, dummy     
Year 2000, dummy     
Year 2001, dummy     
Year 2002, dummy     
Year 2003, dummy     
Year 2004, dummy     
Year 2005, dummy     
Bulgaria, dummy     
Croatia, dummy     
Czech Republic, dummy     
Estonia, dummy     
Hungary, dummy     
Latvia, dummy     
Poland, dummy     

* – potential multicollinearity; “---“ stands for excluded variables due to lack of variation. 
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Hypothesis 2 (with banks) variance inflation factors (II) 
Step 3 Improving normality 

  Regression 5 Regression 6 *Regression 6 **Regression 6 
Mean VIF 5.21 226.4* 225.06* 223.76* 
Credit regulation 18.53* 715.89* 701.06* 684.76* 
Foreign-owned banks ratio ---    
Foreign-owned bank assets ratio ---    
Max. ownership restrictions, dummy ---    
Security business restrictions --- 105.6* 105.28* 104.97* 
Influence of the supervisor, dummy --- 650.77* 641.85* 632.83* 
Single financial supervisor, dummy 10.75* 103.69* 103.56* 103.43* 
Economic growth 3.64 123.41* 123.34* 123.34* 
IMF programme, dummy 9.43 120.62* 120.51* 120.41* 
EU membership,  dummy --- 1119.64* 1110.21* 1100.56* 
Market return --- 22.68* 22.66* 22.34* 
Natural logarithm of IPO 14.53* 1236.87* 1234.9* 1234.41* 
Chemicals industry, dummy 1.34 1.38 1.39 1.39 
Construction industry, dummy 1.39 1.31 1.33 1.33 
Energetics industry, dummy 2.13 1.7 1.72 1.65 
Finance industry, dummy 2.12 1.89 1.92 1.92 
Food industry, dummy 1.21 1.36 1.36 1.36 
IT industry, dummy 1.77 1.58 1.6 1.6 
Media industry, dummy 1.41 1.29 1.3 1.3 
Oil & gas industry, dummy 1.19 1.17 1.18 1.18 
Real estate industry, dummy 1.41 1.33 1.34 1.34 
Retail industry, dummy 1.45 1.4 1.41 1.41 
Telecom industry, dummy 1.76 1.52 1.52 1.53 
Wholesale industry, dummy 1.67 1.47 1.49 1.49 
Year 1995, dummy --- --- --- --- 
Year 1996, dummy --- --- --- --- 
Year 1997, dummy --- --- --- --- 
Year 1998, dummy 6.43 108.07* 108.05* 108.16* 
Year 1999, dummy 5.73 62.99* 61.01* 61.01* 
Year 2000, dummy --- --- --- --- 
Year 2001, dummy --- 91.07* 91.15* 91.12* 
Year 2002, dummy --- 20.29* 20.32* 20.32* 
Year 2003, dummy 2.1 77.29* 77.31* 77.29* 
Year 2004, dummy 13.23* 180.34* 179.85* 179.37* 
Year 2005, dummy --- --- --- --- 
Bulgaria, dummy 1.54 15.21* 15.22* 15.22* 
Croatia, dummy --- 26.5* 26.5* 26.5* 
Czech Republic, dummy 2.12 9.2 9.2 9.2 
Estonia, dummy --- --- --- --- 
Hungary, dummy 18.28* --- --- --- 
Latvia, dummy --- --- --- --- 
 Poland, dummy --- 2210.81* 2207.42* 2203.91* 

* – potential multicollinearity; “---“ stands for excluded variables due to lack of variation. 
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Integrated model variance inflation factors 
  
  

Rich model 
(with banks) 

Rich model 
(without banks) Final model 

Mean VIF 6.95 122.08* 226.4* 
Stock market total/GDP --- ---  
Stock market traded/GDP --- ---  
Stock market turnover 7.44   
Access to equity 9.9 522.76*  
Relative market efficiency --- ---  
Credit regulation 21.13* 776.13* 715.89* 
Foreign-owned banks ratio --- ---  
Foreign-owned bank assets ratio --- ---  
Max. ownership restrictions, dummy --- ---  
Security business restrictions --- 85.73* 105.6* 
Influence of the supervisor, dummy --- 495.53* 650.77* 
Single financial supervisor, dummy 11.37* 138.01* 103.69* 
Economic growth 3.17 93.23* 123.41* 
IMF programme, dummy --- 352.92* 120.62* 
EU membership,  dummy 32.48* 654.17* 1119.64* 
Market return --- 39.23* 22.68* 
Natural logarithm of IPO 7.52 62.44* 1236.87* 
Chemicals industry, dummy 1.34 1.38 1.38 
Construction industry, dummy 1.39 1.31 1.31 
Energetics industry, dummy 2.13 1.7 1.7 
Finance industry, dummy 2.12 1.89 1.89 
Food industry, dummy 1.21 1.36 1.36 
IT industry, dummy 1.77 1.58 1.58 
Media industry, dummy 1.41 1.29 1.29 
Oil & gas industry, dummy 1.19 1.17 1.17 
Real estate industry, dummy 1.41 1.33 1.33 
Retail industry, dummy 1.45 1.4 1.4 
Telecom industry, dummy 1.76 1.52 1.52 
Wholesale industry, dummy 1.67 1.47 1.47 
Year 1995, dummy --- --- --- 
Year 1996, dummy --- --- --- 
Year 1997, dummy --- --- --- 
Year 1998, dummy --- --- 108.07* 
Year 1999, dummy 12.14* 47.26* 62.99* 
Year 2000, dummy 9.78 17.69* --- 
Year 2001, dummy --- 115.27* 91.07* 
Year 2002, dummy --- --- 20.29* 
Year 2003, dummy 2.54 19.87* 77.29* 
Year 2004, dummy 28.43* 216.56* 180.34* 
Year 2005, dummy --- --- --- 
Bulgaria, dummy 2.1 31.87* 15.21* 
Croatia, dummy --- 5.6 26.5* 
Czech Republic, dummy --- 21.42* 9.2 
Estonia, dummy --- --- --- 
Hungary, dummy --- 71.25* --- 
Latvia, dummy --- --- --- 
Poland, dummy --- --- 2210.81* 

* – potential multicollinearity; “---“ stands for excluded variables due to lack of variation. 
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Appendix 10.  Joint Significance Tests 
Hypothesis 1 

Step 1: Regression 2 
 

STATA output of test for joint significance 
F (3, 191) = 5.48 
Prob > F = 0.0012*** 

 
Step 3: Regression 615 

 
STATA output of test for joint significance 
F (2, 164) = 2.15 
Prob > F = 0.1201 

 
Hypothesis 2 (with banks) 

Step 1: Regression 2 
 

STATA output of test for joint significance 
F (3, 91) = 2.3 
Prob > F = 0.0822* 

 
 

Improving normality: Regression 6 (without Mitex)15 

 
STATA output of test for joint significance 
F (4, 106) = 1.94 
Prob > F = 0.1086 

 
Improving normality: Regression 6 (without Mitex and Mpecwro) 

 
STATA output of test for joint significance 
F (4, 105) = 2.01 
Prob > F = 0.0978* 

*, **, *** stand for the 10%, 5%, and 1% level of significance respectively. 

                                                
15 Due to the presence of multicollinearity discussed in the Results section it was decided to count variables 

from these two cases as being jointly significant with higher level of probability. 


