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Abstract 

In this thesis I investigate the pricing of 117 IPOs in Norway from 2003 to 2012. I focus on the 

phenomenon known as IPO underpricing which is the trend that IPO shares are usually offered to 

the public too cheaply, resulting in a seemingly irrational capital loss for the previous shareholders. 

I have attempted to prove or disprove a selection of testable underpricing theories in order to see if I 

can explain the phenomenon for the IPOs on the Oslo Stock Exchange. 

I find an average underpricing of 3.17% on the Oslo Stock Exchange from 2003 to 2012, which is 

in line with the results of similar Norwegian studies. The finding is statistically significant at the 1% 

significance level. The selected underpricing theories, on the other hand, do not seem to explain 

much of this observed underpricing. My results show that theories such as “the Winner’s Curse” 

and Investor Sentiment theory do not succeed in clarifying the underpricing puzzle. However, my 

findings point towards some support of the information revelation theory as I find that IPOs for 

which favorable information has been revealed during the IPO process are significantly more 

underpriced. This supports Hanley’s (1993) Partial Adjustment Theory which claims that positive 

information about the IPO is only partially adjusted for, leaving some underpricing as a reward for 

investors who revealed their positive information. It should, however, be noted that this theory only 

succeeds in explaining some, but not all of the observed underpricing. My analysis is tested and 

corrected for possible econometric issues and my findings appear to be quite robust. As most of the 

selected underpricing theories cannot explain much of the observed Norwegian underpricing, there 

is room for further research within this topic using alternative or new theories. 

I want to thank my supervisor, Gabriele Lepori, who has provided me with much appreciated 

insights, creative suggestions and constructive feedback throughout my work with this thesis. In 

addition, I want to thank the statistics team at the Oslo Stock Exchange, whose published data made 

it possible for me to perform my analysis. Lastly, I am grateful for the assistance from the CBS 

library staff in retrieving necessary data from the Bloomberg and Reuters data terminals.     
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Part 1: Introduction 

In this part I will introduce the background for my research and formulate a problem statement. 

This is followed by the delimitations to the scope of this thesis and the contribution from my 

research. Finally, the outline for the remainder of the paper is presented. 

1.1. Background 

An initial public offering (“IPO” for the remainder of the thesis) is the process where a company 

enlists some of its shares on a stock exchange in order to sell them to the public. The process is 

often used in order to raise funds from the shares sold in the IPO (Brealey, 2011). During the IPO 

process a puzzling phenomenon often occurs. The phenomenon is referred to as underpricing and 

simply means that the previous shareholders incur a capital loss as they sell their shares to the 

public too cheaply. That is, the previous owner of the IPO stocks could have sold their stocks at a 

higher price. As a result of the too low offer price on the IPO shares, the stock price quickly 

appreciates during the first day of public trading on the stock exchange. Underpricing has been 

observed in IPOs in most countries around the world for decades, and the phenomenon is a direct 

violation of the efficient market hypothesis. It should therefore not occur if the issuing company 

acts rational. The big question remaining is; why do companies leave so much money on the table? 

Several academics have tried to explain underpricing since the 70s, which has created a vast 

literature of different theories. The many theories explain underpricing in different ways and use 

different data from different countries across different time periods, which might explain why so 

many of the theories have been proven right in some way or another. Chances are that many of the 

theories are correct and that they each explain some, but not all, of the empirically observed 

underpricing. Some of the large selection of theories has also been researched on IPOs in the 

Norwegian stock market. However, the studies are few, some outdated, and many theories are yet to 

be researched in Norway. The reason might be a combination of issues regarding small data 

samples, less liquid stock market and low interest among foreign academics. My goal is to use the 

most updated data available to contribute to the IPO underpricing literature in Norway. I will 

consider a variety of existing theories explaining underpricing, in order to check whether they can 

clarify the underpricing puzzle for Norwegian IPOs. The data used in this thesis is gathered directly 

from the Oslo Stock Exchange and from the original IPO prospectuses of each of the included 

companies. To my knowledge, many of the hypotheses I research have not been studied on 

Norwegian IPO data before. In addition, I have used the most updated data available, including post 
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financial crisis data, which is interesting as the crisis might have brought on fundamental changes to 

the underpricing phenomenon.  

1.2. Problem statement 

As several previous studies confirm the existence of underpriced IPOs on the Oslo Stock Exchange, 

I want to take the topic one step further and try to explain what could have caused the observed 

underpricing. I will start by measuring the level of underpricing in Norway myself and then 

continue using my findings on underpricing to perform statistical tests of different existing theories 

on the topic. These theories are many, and explain underpricing in quite different ways. Some of the 

theories also require data on confidential matters of which I do not have access to, and others have 

very little support in academia. For these reasons, I cannot research all of the existing theories 

trying to explain IPO underpricing. In order to be able to test the most relevant theories and in order 

to perform the tests properly, I will select only the theories that I can test with my available data and 

that I find interesting and relevant in light of the existing literature. As far as I know, many of the 

theories I have chosen have not been extensively tested in Norway with up to date IPO data. 

Evidence in favor of or against the selected theories would both provide useful insights to the 

academia. Evidence in favor of a theory would support that it explains at least some of the 

underpricing observed in Norway, while evidence against a theory would eliminate one of the many 

possible alternatives. Both results would therefore contribute to the academia and possibly assist 

future research on Norwegian IPO underpricing. The problem statement on which I will base this 

thesis is
1
: 

“Can selected existing theories explain IPO underpricing in Norway from 2003 to 2012?” 

In order to answer the problem statement, I have researched 6 hypotheses which are explained in 

section 3.2 following the theory- review and selection. 

1.3. Delimitations 

As IPO underpricing is a wide topic concerning many different hypotheses and theories, some 

delimitations to the scope of this thesis are necessary. Firstly, my main focus will be on the 

Norwegian stock market. By excluding other countries and regions my results will reflect the 

properties of IPO underpricing in Norway only, and might not necessarily apply for other countries. 

The Norwegian stock market was chosen for my research as Norway is my native country where I 

                                                           
1
 The reasoning behind the chosen time frame is explained in section 1.3 Delimitations. 



7 
 

have the most understanding and interest of the market. It is also a country which has received little 

attention in the IPO literature. Considering the chosen stock exchange, I will focus on the Oslo 

Stock Exchange
2
 only. A smaller alternative to the Oslo Stock Exchange is the Oslo Axess. The 

IPOs on the Oslo Axess have been excluded from my sample due to the smaller IPO sizes and less 

liquid shares. The reason is that low liquidity in the trading of the IPO stocks will cause large bid-

ask spreads causing my return calculations to be inaccurate if too illiquid shares are included. 

The time frame chosen for my thesis is 10 years. That is, the IPOs I will consider took place from 

the beginning of 2003 till the end of 2012. The earliest of the publically available official IPO data 

from the Oslo Stock Exchange was from 2003, which is why I chose this year as the starting point 

of my analysis. My work on this thesis started in January 2013 and, as per now, no IPOs have taken 

place on the Oslo Stock Exchange in 2013. Therefore, my IPO data set is the most updated sample 

possible. An important feature of my sample is that it contains post financial crisis data, and spans a 

period of both market upturns and downturns. Although including older IPOs would increase my 

sample size and make statistical testing easier, I have chosen not to use older data to keep my 

results relevant for today. In addition, collecting data for my IPOs is a difficult and time consuming 

process and the number of IPOs must therefore be limited to a manageable number, due to the time 

constraints for my thesis.  

The theories explaining underpricing are many, so all of them cannot be researched within the scope 

of this thesis. The main reason behind my choice of theories is data availability. Some theories 

require confidential or in other ways unavailable data in order to create the necessary research 

variables. Others have received little academic support or are simply found to be less plausible. 

These theories have been eliminated in the selection process in part 2. The theories I have chosen 

for my research are theories that I find interesting, plausible, possible to test and most importantly, 

less tested for the Norwegian stock market than others. By testing theories of underpricing that have 

not been extensively researched by other authors on the Norwegian stock market, my thesis 

contributes further to the IPO underpricing literature.  

My research concerns IPO underpricing, that is, very short term performance of IPOs. Long term 

IPO performance is another interesting topic, but this will not be considered in this thesis. Also, my 

results on underpricing might make it possible to develop different investment strategies. However, 

my focus is purely academic, and investment strategies will not be attempted to create nor evaluate. 

                                                           
2
 In Norwegian: “Oslo Børs” 
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Finally, I would like to mention that IPOs make a very broad topic and the IPO process itself could 

have been explained more extensively. In order to keep my scope fixed on underpricing theory, this 

has only been explained in short.  

1.4. My contribution 

This thesis contributes to the existing underpricing literature in several ways. Firstly, I focus on 

underpricing in the Norwegian IPO market which has not been researched as extensively as IPOs in 

other, larger countries. To my knowledge, many of the theories I have chosen to research have not 

been tested at all for the Norwegian market. Also, my selection of relevant proxies and research 

variables is likely to stand out from those of earlier research on Norwegian IPOs, giving room for 

new findings.  

Secondly, my data set is uniquely collected, allowing for different results than what have been 

discovered in earlier studies. I have manually collected the data myself by assessing the individual 

IPO prospectuses of each of the 117 IPOs in my sample, along with gathering information from 

known financial terminals such as Bloomberg and Reuters Datastream. To my knowledge, my 

sample contains more observations than other recent studies on Norwegian IPOs, and is also the 

first to apply post financial crisis data. Studying a unique dataset allows me to find results that have 

not been uncovered before, and using the most updated data allows me to research whether earlier 

findings from other authors still hold.  

My results will contribute to academia in terms of either supporting or discarding the existing 

theories of underpricing as possible explanations for the observed Norwegian underpricing. As 

some of the theories I have selected have not been researched in Norway before, this is a clear 

contribution to the literature. I will also contribute with my own calculation of underpricing in 

Norway using the most updated data possible. As I have not managed to find other Norwegian 

studies that include data from 2011 and 2012, my finding of underpricing might also differ 

significantly from earlier findings. 

1.5. Outline 

The remainder of this thesis is organized as follows: In part 2 I present the theoretical aspects of 

IPOs and the IPO market in Norway, and review the IPO underpricing literature. This is followed 

by methodology in part 3, which explains what I will research and how I will do the research. This 

includes setting up hypotheses, introducing my data set and explaining the different calculations, 
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estimation techniques, and regression assumptions. In part 4 I present my underpricing findings and 

set up my regression models, which are then estimated and commented on. Lastly, I explain what 

my econometric results imply with regards to my research hypotheses and theories in part 5, and 

present the conclusion to the thesis in part 6. Part 6 also contains limitations to the thesis, and 

suggestions for further research.  
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Part 2: Theory 

In this part I give detailed information about initial public offerings. This includes descriptions of 

the players involved in the IPO process and of the process itself, followed by an explanation of the 

underpricing phenomenon. Further, I will elaborate on the previous findings and theories from the 

IPO underpricing literature. Lastly, some of the theories I have explained will be selected for my 

research. 

2.1. Initial public offerings 

An initial public offering (IPO) is a process where a company enlists some of its shares on a stock 

exchange in order to sell them to the public. The shares offered to public investors are usually a 

combination of newly issued common stock, known as primary shares, and existing shares known 

as secondary shares. This gives way for two types of stock offerings in an IPO: A primary offering, 

where new shares are issued and sold to raise additional cash, or a secondary offering, where the 

existing shareholders decide to cash in by selling some of their shares (Brealey, 2011). In either 

case, an IPO will involve some degree of transfer of company ownership, as the pre-IPO owners’ 

shares are either sold or diluted by issuing more shares. The price at which the shares are sold in the 

IPO is referred to as the offer price. 

The IPO makes the shares readily available to the public through a listing on a stock exchange. The 

listing makes it easy for potential buyers and sellers to “meet” as the trading takes place on an 

organized platform. Ritter and Welch (2002) argue that firms only go public after a certain stage in 

their life cycle. Lifecycle theory describes the firm going through 4 phases during its life. In the first 

phase, the start-up phase, companies are usually financed by the owner’s own private equity or 

through venture capital. It is not before the second phase, the growth phase, that some companies 

choose to perform an IPO. This is often due to the need for additional capital or simply just an exit 

strategy for the initial owners. In addition, IPO firms do not always stay on a stock exchange 

forever. Buyouts, bankruptcy or de-listings due to noncompliance with the regulations of the stock 

exchange can and do occur.  

2.1.1. IPOs in Norway 

When companies choose to go public in Norway, their shares are listed on either the Oslo Stock 

Exchange or the Oslo Axess. Oslo Axess is a smaller exchange, where the listed companies are 

those who do not yet fulfill the necessary requirements and regulations of a listing on the Oslo 

Stock Exchange. Hence, Oslo Axess is a marketplace often used by smaller or newer companies 
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(Oslo Børs, 2013a). It therefore often acts as a starting point for companies who later inspire to 

enlist on the Oslo Stock Exchange, and I will therefore not consider Oslo Axess in my analysis. The 

development in IPOs on the Oslo Stock Exchange from 1996 to 2012 can be seen in the diagram 

below. 

 

Chart no. 1: Number of IPOs on Oslo Stock Exchange from 1996 to 2012. Source: (Oslo Børs, 2013b) 

The diagram shows the number of new listings on the Oslo Stock Exchange from 1996 until 2012. 

It is obvious that the number of IPOs vary greatly from year to year. There also seems to be some 

degree of correlation between the number of IPOs and the state of the world economy. There seems 

to have been many IPOs in the years before the burst of the IT bubble in 1999 and in the years 

leading up to the financial crisis in 2008. During the mentioned market downturns, however, the 

IPO activity appears to have been low. In other words, the Oslo Stock Exchange seems to show 

indications of what Ibbotson and Jaffe (1975) refers to as “hot” and “cold”  IPO markets, which I 

will elaborate on later. 

As Norway is a small, oil-driven economy, the energy sector is the dominating industry on the Oslo 

Stock Exchange. Weighted according to market cap, the energy sector corresponds to 49% of the 

stock exchange’s value. Other large sectors are materials, financials, industrials and 

telecommunication technology, accounting for roughly 10% each (Olso Børs). The sectors are 

decided according to the GICS classification system, which is a globally used classification system 

for companies (MSCI, 2013). There are several other GICS sectors represented on the Oslo Stock 

Exchange, grouped in the “others” segment due to small exposure. The two pie-charts below show 
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the industry division on the Oslo Stock Exchange and among the IPOs in my dataset. The 

representation is based on the total market cap of the companies in each industry group.  

 

Chart no. 2: The industry division on the Oslo Stock Exchange (left), and among the IPOs from 2003 to 2012 (right). The sectors are 

according to GICS classification and weighted by market cap. Source: (Oslo Børs, 2013b) 

Among the IPOs from 2003 to 2012, the energy sector is the largest market cap contributor, just as 

on the Oslo Stock Exchange in general. However, there are some differences between the industry 

division of the IPOs and the Stock Exchange. The energy sector only accounts for 38% of the new 

listed market cap the last 10 years. Financials are over-represented among the IPOs with 

approximately 24%, compared to the actual stock market share of 10%, while information 

technology stands for 15% of the IPOs, but only 3% of the Oslo Stock Exchange’s market cap. The 

Telecom industry only experienced the one IPO of “Telia Holding” in 2006 in the 10 year span of 

my dataset, even though the sector contributed to 9% of the total market cap of the stock exchange 

(Oslo Børs, 2013b). In summary, financials and Information technology (IT) seems to be over-

represented, while energy, materials, industrials and telecommunications are under-represented 

among the IPOs in the last 10 years.  

2.1.2. Listing regulations in Norway 

The Oslo Stock Exchange sets strict requirement for listing applicants. These include commercial, 

share specific, activity & management specific and general criteria (Oslo Børs, 2013c). In addition, 

it is a requirement that the company should be of interest to the public and likely to be subject to 

regular trading. The main commercial criterion is that the market value of the IPO shares must be at 

least NOK 300 million. There are further commercial requirements for liquidity, financial leverage, 
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and the quality of the company’s financial reports. The activity and management criterion states that 

the company must have existed and been operated for at least three years. Exemptions can be 

granted if the company can provide a likely demonstration of continuity in its activities for three 

years into the future instead. Also, requirements regarding management expertise and composition 

of the board of directors must be in order to be allowed to enlist on the exchange.  

The share specific criteria are also of importance in the IPO process. The main requirement here is 

that at least 25% of the shares in the IPO-company must be distributed among the general public. 

These investors cannot have an association with the company. In addition, there must be at least 500 

shareholders holding shares with a value of at least NOK 10000 each and the listed shares must be 

freely transferable. Other than these main listing regulations, the “listing Rules for equities on Oslo 

Børs” (Oslo Børs, 2013c) include deadlines for financial reporting and applications, special 

regulations for foreign companies, and several other requirements. Companies that want to enlist 

their shares, but which do not comply with all the requirements, can apply for an IPO on the Oslo 

Axess instead.  

2.1.3. Why go public? 

The main reason why firms go public is to gain access to additional capital. Being listed on a stock 

exchange allows for many more investors, both in the country of the listing and abroad, who can 

supply the company with funding. As explained by Rajan (2012), capital can also be acquired more 

easily from banks if the company is listed. He claims that banks hold an informational advantage in 

a loan negotiation. This advantage is decreased when the company goes public, allowing for easier 

bank loan access and lower interest rates.  

There are, however, many other benefits of being a publicly traded firm. One is that the company’s 

stock price provides a readily available measure of performance. This allows for rewarding the 

management with stock options in order to align management incentives with those of the owners 

(Brealey, 2011). An IPO greatly increases transparency in the company as the stock exchanges 

demand a lot of financial reporting and publishing. As many parties such as analysts and investors 

monitor this information, mistakes made by the management will quickly be reflected in the stock 

price. Being listed on a stock exchange therefore provides a disciplinary mechanism ensuring 

proper conduct by the management. Other benefits from going public include increased protection 

against hostile takeovers and the possibility for the initial owners to use the IPO as an exit strategy 

(Brealey, 2011). 
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There are also some large costs involved in going public. These include the fee paid to the 

underwriters which can sometimes be substantial depending on the size of the IPO. In addition, 

there are administrative costs. Preparing the registration statement and prospectus involves legal 

counsel, accountants, advisors and the time and attention of the management. Also, firms pay fees 

to the stock exchange for their listing (Brealey, 2011). 

2.1.4. The players 

There are three main parties relevant to an IPO. These are the issuing firm (the issuer), the 

underwriter and the investor. In this section each of the three parties’ preferences and goals are 

explained. 

The issuer 

The issuer is the company, or the management of the company, that is going public. The issuer’s 

main role is to make the IPO decision, provide the stocks for sale to the public, and to choose and 

work together with an underwriter. The management of the issuing company works on creating the 

necessary paperwork and reports together with legal- and accounting-employees.  

The issuer’s main goal with the IPO is to get as high an offer price as possible for their shares, 

without the IPO failing. That is, if the issuer agrees with the underwriter on an offer price which is 

below the real market price, they will not receive the full potential value of the stock they sell. This 

is referred to in the IPO underpricing literature as “leaving money on the table” (Adams, Thornton, 

& Hall, 2011). Empirics show that issuers often allow money being left on the table, that is, they 

often allow their stocks to be underpriced. Even though the issuer wants to raise as much money as 

possible there is still a need to keep public investors satisfied with their stock purchase, so that they 

may want to buy more shares should the company want to issue seasoned equity. 

The underwriter 

The underwriters are the investment banks performing the IPO on behalf of the issuing companies. 

They are usually major investment banks or large commercial banks, and their underwriting-success 

depends heavily on financial muscles and experience (Brealey, 2011). The underwriter’s main role 

in the IPO is to buy the stock from the issuer and resell it to the public. Through valuations, investor 

relations and market research, they assist in deciding the offer price or price range. During the IPO 

process they give financial advice to the issuing company, and assists in creating required 

documentation for the IPO. This includes the application which is sent for approval to the stock 

exchange and the prospectus which is distributed among potential investors (Oslo Børs, 2013c). 
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Underwriters make their money from a buying the shares at a discount to the offer price. This 

creates a spread which is the underwriter’s margin. Chen and Ritter (2000) found that almost all 

IPOs had a spread of approximately 7% of the total sum of the purchased shares, even though the 

size of the IPOs varies greatly. This implies that the bigger the IPO, the more money the 

underwriter stands to make. In addition, underwriters have an incentive to set the offer price low. 

By doing so, they increase demand of the stock, ease the marketing process, and make sure that they 

are able to sell out all the stocks they buy from the issuer.  

Even though issuers usually only make one IPO in their lifetime, underwriters are repeat players in 

the IPO business. This means that they cannot price the offer too low in fear of losing future 

business from other issuing companies. In addition, they cannot set the offer price too high, in fear 

of being sued by angry investors who feel that the underwriter overhyped the IPO. However, there 

are some controversial (and sometimes illegal) ways that underwriters exploit their positions for 

their own benefits. One is receiving side payments from investors in exchange for giving away large 

allocations in popular stocks. Another practice, known as “spinning” involves allocating stock in 

popular new issues to managers of important corporate clients to gain favors or friendships 

(Brealey, 2011). With respect to all the different roles and incentives that the underwriters have, it is 

likely that their actions are among the drivers of the empirically observed underpricing, which will 

be introduced later in section 2.2. 

The investor 

Several authors within the IPO literature separate between retail and institutional investors (Eckbo, 

2008). Retail investors are the regular, usually small, private investors. Institutional investors, on 

the other hand, are mutual funds, hedge funds, pension funds, banks or insurance companies. 

Institutional investors can pool large sums of money to make big investments, and often have 

informational advantages with respect to valuation and financial insight compared to retail 

investors. In addition, institutional investors could often be known associates or large customers of 

the underwriter of an IPO. Thus, they can more easily be allocated shares in popular IPOs.  

Both types of investors have the same goal and incentives when investing in IPO stocks. They want 

to get as large allocations as possible in IPOs that are underpriced, and to avoid the overpriced 

IPOs. This strategy does not only require that the investor is properly informed about the IPOs, but 

also that he is awarded with stock allocations by the underwriter. If a stock is very popular it will be 

difficult to get a hold of a large stake at the offer price, as many investors will compete for a limited 
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number of shares. As the underwriter decides who are allocated the shares (Brealey, 2011), it can be 

necessary to have a good relationship to the underwriter.  

2.1.5. The IPO process 

Tim Jenkinson (2001) describes the IPO process in five steps. These are illustrated in the figure 

below. 

 

Chart no. 3: Five steps in the IPO process 

The first step in the IPO process is for the issuing company to select the market where it wants to go 

public. It is not necessarily a stock exchange in the company’s home country that is chosen. Listing 

in foreign countries is a possibility, and can be chosen for reasons like better liquidity, lax listing 

requirements or higher industry relevance. The latter reason has brought several foreign energy and 

shipping companies to the Oslo Stock Exchange, as energy and shipping stocks are heavily traded 

and popular among investors in Norway (Olso Børs, n.d.).  

When the place of listing is chosen, one or several underwriters must be hired. The investment 

banks are competitors in the underwriting business. However, if the IPO is large, several 

underwriters often form what is known as a syndicate and work together on the same IPO. The 

issuer must agree with the underwriter(s) on the underwriter’s role in the IPO, which offer method 

to use, date of the IPO, and so on.  

When the formalities with the underwriter are in order, the prospectus is designed. This is the third 

step in the IPO process (Jenkinson, 2001). The prospectus covers areas such as background on the 

business and the company, description of the management team, business prospects and risks, 

comparison with similar listed companies, and comments on the valuation. Releasing a prospectus 

is not only required by the stock exchange, but also works as advertisement to get investors to buy 

the shares.  

Jenkinson’s (2001) fourth step is the information gathering by the underwriter. Here the IPO is 

promoted to the potential investors, while information on the interest and demand is collected in 
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order to price the offer properly. This type of marketing and information gathering event is known 

as a “road show”, where the management of the company often travels across the country 

promoting the IPO (PWC, 2010). By taking non-binding bids from the investors, the underwriter 

can get a sense of the demand for, and pricing of, the IPO shares. The process of collecting these 

non-binding bids is known as “book-building”. The information gathered through the book-building 

process is used to decide the offer price on the IPO stocks. The book-building method is the most 

commonly used bidding method on the Oslo Stock Exchange. Other alternatives, which are much 

less used in Norway, include the fixed offer price. As book-building is by far the most commonly 

used method on the Norwegian market, the alternatives will not be described further.  

Share allocation is the last step in the IPO process (Jenkinson, 2001).When the offer price is 

decided, investors subscribe to the stock. If many investors subscribe, the IPO is said to be 

oversubscribed. Then the underwriter usually uses the book-building information to allocate the 

stocks to the investors. Investors who had high non-binding bids or who showed great demand for 

the stocks are often allocated the most shares. An alternative way of allocating shares on 

oversubscribed IPOs is through a lottery. Two different groups are allocated the shares. These are 

institutional investors and retail (private) investors
3
. Usually, the larger part of the shares is 

allocated to institutional investors, which are often handpicked by the underwriter. Another way to 

handle oversubscription is through an over-allotment option. An over-allotment option, often 

referred to as a “green shoe option”, is usually embedded in the underwriting agreement. This 

option allows the underwriter to sell more shares than originally planned by the issuer, if the IPO 

should oversubscribe (PWC, 2010).  

When all five steps are performed, the issuing company is ready to be listed on the listing date. On 

the listing date, the IPO shares can be traded publicly. Often, investors who were not allocated 

shares in the book-building process buy shares at this point. Investors, who bought shares at the 

offer price and sell them right away, perform an activity usually referred to as “stock flipping”. If 

the IPO is underpriced, this will give the investor a quick profit on the investment (Boehmer & 

Fishe, 2000). IPO underpricing is explained further in the following section.  

2.1.6. IPO underpricing 

From the early 1970s, academics and participants in the financial markets have been aware of the 

special phenomenon of IPO underpricing. In simple terms, underpricing refers to the trend that 

                                                           
3
 See section “investors” under section 2.1.4. The players 
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companies going public often can be bought at an offer price that is too low. As a result, large stock 

price appreciations are common on the first day of trading. At a first glance there is little logic to 

why underpricing is observed. The pre-IPO owners sell their stock at an offer price that is 

significantly lower than what it could have been, resulting in large wealth losses. That is, they 

simply leave money on the table instead of selling their stocks at a price that reflects the true value. 

Even though this might seem irrational, IPO underpricing has been a clear trend throughout the 

world’s stock exchanges for decades, proved by plenty of empirical evidence. This is a clear 

violation of the efficient market hypothesis.  

Underpricing is defined as the difference between the offer price and the closing price at the first 

day of trading (Ritter, 1991). There are two common ways of measuring underpricing. It can be 

measured as a currency amount, usually referred to as “money left on the table”. That is, the 

difference between the first day’s closing price and the offer price, multiplied with the number of 

shares issued (Adams, Thornton, & Hall, 2011). The other measure of underpricing is the 

percentage return on the first day of trading relative to the offer price, often adjusted for market 

return. This is simply referred to as the initial return. Throughout this paper I will use the terms 

underpricing, initial return and first day’s return, interchangeably. The adjustment of the initial 

return is necessary to isolate the underpricing from market effects. As the time passed from when 

the stock is available at the offer price to the end of the first day of public trading can vary from 

hours to several days, a general market up- or downturn could be to blame for the observed initial 

return. To correct for this, the return on the market index, or on a relevant industry index, for the 

same period of time can be subtracted from the initial return. However, academics find the 

adjustment of little importance to their underpricing findings and many choose not to adjust the 

initial return at all.  

Historically, IPO underpricing has varied greatly through time and from country to country, as will 

become clear in the next section. While there is a wide agreement that underpricing of newly listed 

firms exist, authors disagree about what causes the underpricing. The opposite phenomenon, 

overpricing, is simply when the initial return is negative. The exact formula for calculating 

underpricing will be presented later in the methodology part. 

2.2. Empirical findings of underpricing 

The first discovery of underpricing was done by Reilly and Hatfield (1969), who found a 20.2% 

average short term gain relevant to the Dow Jones Industrial Average for newly listed stocks from 
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1963 to 1966. Later, two of the pioneers within the literature, Logue (1972) and Ibbotson (1975), 

found large returns on the first day of trading of IPO stocks. Their results proved that offer prices in 

the U.S. were too low causing a significant first day price jump in the stock. 

Many studies have provided further research on the degree of underpricing in the U.S. Ritter and 

Welch (2002) found that the initial return in the U.S. varied greatly over the years. Underpricing 

changed from an average of 7.4% in the 1980s, to 11.2% in the early 90s. It further increased to 

18.1% in the mid-90s then peaking at a 65% average in 99-00, before dropping to 14% in 2001 

(Ritter & Welch, 2002). IPO underpricing has also been researched outside of the U.S., although 

smaller samples due to less active IPO markets can have caused uncertainty in some of the results. 

In another article, Ritter (2003) summarizes results from studies done in different countries around 

the world. The results vary a lot from country to country, where the most extreme case of IPO 

underpricing happened in China. From 1990 to 2000, IPOs in China were underpriced by an 

average of 256.9%! Also Malaysia and Brazil had extreme underpricing of 104.1% and 78.6% 

respectively (Ritter, 2003). The chart below shows the average underpricing found in some selected 

European countries and in the U.S.: 

 

Chart no. 4: Underpricing percentage from selected studies from European countries and the U.S. Source: (Ritter, 2003) 
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As can be seen by the chart above, IPO underpricing varies a lot within Europe and within 

Scandinavia as well
4
.
 
Even though the stock markets in Sweden and Denmark have many 

similarities to the Norwegian stock market, the degree of underpricing differs significantly. 

Emilsen, Pedersen and Saettem (1997) found a 12.5% underpricing in Norway from 1984 to 1996. 

A later study by Loughran, Ritter and Rydqvist (2012) found an average underpricing of 9.6 % from 

1984 to 2006. In a working paper by Fjesme (2011) an initial return of 8% is found in Norway from 

1993 to 2007. Evidently, the degree of underpricing will vary with the data used. For the Norwegian 

stock market, with few IPOs a year, there is a clear tradeoff between relevance and sample size. In 

addition, there is a lack of post financial crisis data in the existing underpricing literature for 

Norway. As underpricing varies significantly over time, a major financial event like the 2008 crisis 

is likely to have caused fundamental changes in the underpricing pattern.  

Some student theses also investigate IPO underpricing in Norway. Christiansen (2011) and Hesjedal 

(2007) find no significant underpricing and 3% underpricing respectively. However, none use very 

recent data, and some of their econometric methodology can be questioned. Barrera and Langmoen 

(2009) find average initial returns of 2.45% for Norwegian IPOs from 2000 to 2008. Also here, 

post-financial crisis data is lacking. Further research appears necessary to confirm to what degree 

underpricing exists in the Norwegian IPO market today.  

2.3. Theories of underpricing 

To organize the available theories explaining IPO underpricing I have used the grouping of Eckbo 

(2008): “Theories of underpricing can be grouped under four broad headings: asymmetric 

information, institutional reasons, control considerations, and behavioral approaches” (Eckbo, 2008, 

pp. 378). 

2.3.1. Asymmetric information theories 

The asymmetric information theories explain underpricing as a result of asymmetric information 

between the different stakeholders in the IPO process. That is, the issuing firm, the underwriter, or 

the IPO investor has superior knowledge causing underpricing in some way or another. 

                                                           
4
 The underpricing results in the diagram are from studies conducted by different authors over different time periods, 

mostly from the late 1980s to the late 1990s. Although partly outdated, it still shows the large differences in observed 
underpricing from country to country.  
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The winner’s curse 

The winner’s curse (Rock, 1986) is perhaps the most famous asymmetric information model. It is 

based on the belief that some IPO investors are better informed than other investors. The well 

informed investors only make offers for the underpriced IPOs and avoid the overpriced IPOs. 

Uniformed investors, on the other hand, cannot separate the two IPOs and will therefore make 

offers for each type equally. The attractive shares will be heavily bid on, and each investor will 

therefore be allocated few shares. Among the overpriced IPOs, however, only the uninformed 

investors make offers, and they are therefore allocated many shares. “The winner’s curse” arises as 

the uninformed investors always lose as they receive few of the attractive shares due to 

overcrowding, but many of the unattractive shares. To put it another way, if the uninformed 

investors bid on all IPOs they will have no trouble getting shares in the unpopular overpriced ones, 

but due to high demand from informed investors they will get few of the underpriced issues. The 

uninformed investors therefore have negative expected returns if the IPOs, on average, are priced at 

a fair price. Hence, they will not participate in the IPO market unless IPOs are underpriced on 

average. Rock (1986) assumes that the informed investors are few and therefore have insufficient 

demand on their own. The market therefore needs the uniformed investors to participate. 

Consequently, the IPOs are underpriced on average, to avoid negative expected returns for the 

uninformed investors, and thereby guaranteeing their participation (Eckbo, 2008).  

Since the issuing firms collectively need to underprice stocks to ensure the participation of 

uninformed investors, but individually find it costly to underprice their shares, a free riding problem 

is present. The incentive for underpricing must therefore lie with the repeat players, that is, the 

investment banks underwriting the IPOs. To avoid losing commission in the future, the underwriters 

force through the underpricing (Beatty & Ritter, 1986). 

Testing the winner’s curse 

The winner’s curse can be tested by testing if uninformed investors’ abnormal returns are zero on 

average, when the returns are adjusted for allocations (Eckbo, 2008). Koh and Walter (1989) found 

that average initial return in Singapore fall substantially when adjusting for allocations. Also Levis 

(1990) finds similar results for the U.K. Amihud et al. (2003) also tested the winner’s curse, and 

found that uninformed investors in Israel do not even break even after the allocation adjusting. The 

difficult thing in this type of research is to divide investors into informed and uninformed. Proxies 
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for informed and uninformed investors like e.g. institutional- versus private-investors could be used, 

but such data would be difficult and time consuming to come by.  

Another way to test whether the winner’s curse applies is to test if underpricing disappears if 

information is equal for all investors. If all investors are equally informed, underpricing should not 

occur at all if Rock’s (1986) winner’s curse is the only explanation for underpricing. Michaely and 

Shaw (1994) apply this type of test by focusing on master limited partnerships (MLPs), which for 

taxation reasons should only be invested in by retail investors, not institutional investors. The MLP 

investors should therefore be a fairly homogenous group. Their results supports the winner’s curse, 

as they find an initial return of -0.04% compared to 8.5% non-MLP underpricing in the same time 

period (Michaely & Shaw, 1994).  

A test of the winner’s curse where the necessary proxies could be more available is one that tests 

underpricing against ex ante uncertainty. Beatty and Ritter (1986) explains the relationship by 

linking “information production” to option pricing. When an investor chooses to spend time or 

money on valuing an IPO (producing information), he implicitly buys a call option on the IPO. If 

his valuation of the IPO stock exceeds the offer price (the call option’s exercise price), he exercises 

the option and buys the IPO stock at the offer price. If his valuation does not exceed the offer price, 

he does not use his option. As a stock option increases in value when the stock price volatility 

increases, this option increases in value the greater the valuation uncertainty is. As “producing 

information” will be worth more, the higher the uncertainty of the valuation, more people will be 

well informed if the uncertainty is greater. The more informed investors, the higher the underpricing 

as the winner’s curse problem is worsened due to higher information asymmetry. Consequently, the 

winner’s curse theory can be supported if underpricing increases in valuation uncertainty. By 

applying the proper proxy for valuation uncertainty, the winner’s curse can therefore be tested. The 

tricky part here is to find proper proxies for valuation uncertainty. Some use company age 

(Ljungqvist & Wilhelm, 2003; Megginson & Weiss, 1991) while measures of size, such as log sales 

or market cap (Bansal & Khanna, 2012), have also been used to proxy this uncertainty. The idea 

here is that older and larger companies are less risky and easier to value due to more information 

available and longer information history. Other tests of different asymmetric information models 

have also been used in the literature, but with mixed empirical evidence. They have therefore been 

excluded from this thesis. 
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Information revelation theories 

Information Revelation theories are based on the way informed investors reveal their information. 

In these theories some investors are better informed than the issuer as well as other investors, and 

IPO underpricing is explained by the way the informed investors reveal their information. 

Investment banks would try to get access to the informed investors’ information before they set the 

offer price. However, there is no incentive for the informed investor to reveal his information, as 

this would cause a higher offer price and a lower profit on investing in the IPO. Thus, he has more 

incentive to sabotage the offer price by giving misleading information. The underwriters therefore 

attempt to induce the investors to reveal their information truthfully by making it in their best 

interest to do so (Eckbo, 2008).  

Several authors, including Benveniste and Spindt (1989), Benveniste and Wilhelm (1990), and 

Spatt and Srivastava (1991) show that book-building is a mechanism that induces information 

revelation. After collecting information of interest from investors, the underwriter can allocate few 

shares to investors with low bids and many shares to investors with high bids. Thus, investors 

attempting to give misleadingly low bids are punished with exclusion while investors who bid high, 

and thereby reveal their favorable information, are rewarded with large allocations. When the 

underwriters underprice the stock, the investors will be induced to tell the truth as they will want to 

participate in the underpriced IPO investment (Eckbo, 2008). 

Testing the information revelation theories 

Cornelli and Goldreich (2001; 2003) separate regular orders from price-limited bids where investors 

specify the maximum price they are willing to pay for the shares. As price-limited bids give more 

value to the underwriters in terms of useful information, according to information revelation theory 

investors with these bids should be rewarded with larger allocation. Cornelli and Goldreich’s (2001; 

2003) results show that price-limited bidders receive a 19% greater allocation than the investors 

with regular orders. This supports the notion of the information revelation theories saying that 

investors are rewarded with allocations in underpriced IPO stocks if they reveal their useful 

information. This test is however difficult to replicate as Cornelli and Goldreich (2001; 2003) use 

confidential bidding information from an investment bank. Similar confidential data from another 

investment bank is used by Jenkinson and Jones (2004). They find results which are less supportive 

of the information revelation theory. According to Eckbo (2008) the two results might differ due to 

varying sophistication of the two bank’s book-building processes.  
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Hanley and Wilhelm (1995) have researched the allocations of institutional and retail investors. 

Their results show that institutional investors are being rewarded more for revealing their 

information. Assuming that institutional investors are better informed than retail investors, Hanley 

and Wilhelm’s (1995) results could mean that more informed investors are rewarded with larger 

allocations for their more valuable information. For a large allocation to have value for the 

contributing investor, the IPOs must be underpriced on average. This further supports the 

information revelation explanation for underpricing. Unfortunately, the test would be difficult to 

replicate without allocation data. 

According to Eckbo (2008), a framework by Benveniste and Spindt (1989) allows for a test of the 

information revelation theories without allocation- or bidding-data. This method uses revisions in 

the offer price as a proxy for the investor’s information revelations. If the offer price is revised 

upwards it indicates that positive information has been revealed, and vice versa. According to 

Hanley’s (1993) Partial Adjustment Theory the share will be underpriced if positive information has 

been revealed. This is because the positive information is only partially adjusted for. The partial 

adjustment is done in order to compensate the investors for truthfully revealing their information, 

allowing the issuer to revise their offer price upwards. If the offer price is revised upwards, the IPO 

underpricing should be greater than if the offer price has not been revised. This can more easily be 

tested as offer prices and price revisions are publicly available. 

Edelen and Kadlec (2005) argue that issuers face a trade-off between proceeds and probability of 

success. That is, the higher the offer price, the more proceeds the issuer makes on the IPO, but also 

the larger the probability that the IPO will fail due to low demand. However, the relevance of the 

tradeoff will vary with the economic climate. In periods of low valuations of comparable firms, the 

IPO is likely to generate little surplus anyways, so the issuers therefore has little to lose if the IPO 

fails. Thus, the issuer pushes the underwriter to set the offer price as high as possible in order to 

receive high proceeds. As the offer price is set relatively high there is little underpricing when 

comparable firms are valued low. In the opposite situation, the issuer cannot risk failure as there is 

too much to be gained from the IPO when comparable companies are valued highly. Therefore, the 

issuer pushes for a low offer price, and consequently, higher underpricing. Testing the hypothesis of 

Edelen and Kadlec (2005) only requires a proxy for the value of comparable companies, which 

could be e.g. the price-earnings ratio or price-book ratio.  
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Principal-agent theories 

Loughran and Ritter (2004) focus on the potential agency problem between the underwriter and the 

issuing firm. The agency problem emerges from the underwriter’s role in the price setting. An 

example of such a problem is provided by Eckbo (2008). As underpricing of IPOs are practically 

wealth transfers from the issuer to the investors, investors may compete for allocations of the 

underpriced stock by giving side-payments to the underwriter. In 2002, Credit Suisse First Boston 

was fined $100 million for receiving such payments (Eckbo, 2008). Also with respect to 

underwriter earnings from more trading, created through high demand, there is incentive for 

underwriters to underprice IPOs. This is in conflict with the interest of the issuer, who wants to get 

as high proceeds from the IPO as possible. Baron and Holmström (1980) and Baron (1982) focus on 

banks exerting sub-optimal effort in marketing and distributing of the IPO stock. They can do this 

due to their informational advantage to the issuing firm regarding stock demand and investor 

interests. Biais, Bossaerts and Rochet (2002) provide a setting where investment bankers could 

collude with well informed investors and try to gain for themselves instead of maximizing the 

issuer’s proceeds. Altogether, there are many different areas within IPO pricing where principal-

agent problems can occur. However, the question of whether agency problems are causing 

underpricing still remains. 

Testing the principal-agent theories 

Muscarella and Vetsuypens (1989) found a way of testing whether agency problems causes 

underpricing. By studying 38 investment bank IPOs, where the investment bank underwrites their 

own IPO, there should be no informational asymmetry and therefore no agency problems as the 

issuer and underwriter are identical. If agency problems are drivers of underpricing, there should be 

no underpricing among the investment bank IPOs. However, the results show that the investment 

bank IPOs had just as much underpricing as other new listings. This clearly contradicts the 

principal-agent explanation of underpricing. 

Signaling theory 

In this theory, underpricing is used as a signal of firm quality. It is based on the assumption that 

issuers have better information about its value than investors. The issuer first allows for 

underpricing of the stock to make the stock appreciate in value as a signal of good quality. Even 

though this would be costly for the issuer at first, signaling may allow the issuer to sell more stocks 

at a higher price in a second offering, if the signaling succeeds (Eckbo, 2008). According to 

Ibbotson (1975), issuers underprice IPOs in order to “leave a good taste in investors’ mouths”. 
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Authors like Allen and Faulhaber (1989) and Welch (1989) further supports this theory. However, 

Eckbo (2008) makes an intriguing argument questioning signaling theory. If there are easier and 

cheaper ways of signaling high firm quality, underpricing would not be used. That is, by associating 

with a reputable underwriter, auditor or venture capitalist, or by hiring a high quality board of 

directors who puts their own reputation on the line, high quality can be signaled at a much lower 

cost. It is therefore doubtful that firms will choose this very costly signaling method, especially 

when investors might not even take the bait. 

Testing signaling theory 

Both Michaely and Shaw (1994) and Jegadeesh, Weinstein and Welch (1993) find results that 

contradict the signaling explanation for underpricing. Their results show that the decision on how 

much to underprice, is unrelated to the decision of whether to reissue more stock at a later time. 

2.3.2. Institutional theories 

The institutional explanation for underpricing is the second of Eckbo’s (2008) four theory groups. 

The institutional framework focus on the institutions related to the marketplace like lawmakers, 

banks and tax authorities. The most prominent of the institutional theories are explained below. 

Legal liability 

This theory dates back to Logue (1972) and Ibbotson (1975). It says that companies underprice their 

stock when going public in order to avoid lawsuits from investors who are disappointed with the 

post-IPO performance of the stock. This explanation is highly U.S. centric as this type of liability 

lawsuits is not common in other countries. Several different authors find that the risk of being sued 

after an IPO is not significant in Australia, Finland, Germany, Switzerland, Sweden, or the U.K. As 

my scope is the Norwegian IPO market, where legislation is more closely related to the other 

European countries, I will not pursue this theory further. 

Prize stabilization 

A controversial paper by Ruud (1993) argues that underpricing is not deliberate, but a result of 

underwriter intervention in the aftermarket. This theory claims that if the price of the IPO is likely 

to fall below the offer price, underwriters stabilize the price by bidding on the stock. This price 

stabilization therefore eliminates the left tail of the initial returns distribution, causing the mean 

initial return to increase. If it was not for the prize stabilization effort of underwriters the mean 

initial return would be close to zero, that is, there would be no underpricing. Ruud’s (1993) 

argument is that underpricing typically peaks sharply at zero, but rarely falls below zero. She 
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believes this is due to underwriter intervention. Thus, underpricing is nothing more than an 

unintentional side-effect of the underwriter’s bidding effort. This controversial theory has received 

little support from other academics due to the question of why underwriters would engage in price 

stabilization in the first place. No direct evidence of price support exists and it will not be 

considered further. 

Tax related theory 

These theories are based on the possibility that IPO underpricing is advantageous in some way 

regarding taxation. That is, if there are taxation benefits from underpricing an IPO stock, this could 

be at least a partial reason for why underpricing is observed.  

Testing tax related theory 

Rydqvist (1997) tested the tax explanation of underpricing in Sweden, where employment income 

used to be more heavily taxed than capital gains. The idea was that by allocating assets that were 

expected to increase in value to employees, instead of salary, the tax bill could be reduced as capital 

gains were taxed at a lower rate than employment income. By testing if underpricing changed when 

Swedish tax authorities changed their system to one of equal taxation of capital gains and 

employment income, this theory could be tested. When the favorable treatment of capital gains was 

removed, underpricing in Sweden fell significantly from 41% to 8%. Taranto (2003) had similar 

arguments regarding the U.S. Unfortunately, other happenings in this period might very well have 

caused the underpricing decrease, and countries with no changes in tax legislation has also 

experienced large changes in the level of underpricing from time to time. To my knowledge, no 

similar changes have taken place in the Norwegian tax system within my research timeframe. Thus, 

replicating the study of Rydqvist (1997) will not be considered further. 

2.3.3. Ownership and control theory 

Ownership and control explanations of underpricing are based on issuers using underpricing as a 

tool to strategically select their investors and to allocate company control. The two leading theories 

within this group are explained below. 

Retained control theory 

This theory argues that underpricing can be used as a means to retain control of the company after 

the IPO. Brennan and Franks (1997) argue that underpricing gives managers the possibility to 

ensure a dispersed shareholder group. By underpricing the stock, additional demand is generated 

causing single investors to have difficulties in acquiring a large stake in the company. When each 
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investor’s stake in the company is small, there is little incentive to monitor the management 

(Shleifer & Vishny, 1986). By avoiding large owners in the company, managers can protect their 

own private benefits through underpricing.   

Testing retained control theory 

Brennan and Franks (1997) find that large bids are discriminated against compared to small bids. 

This supports the retaining control argument where issuers avoid large owners. Booth and Chua 

(1996) agree with this trend, but offer a different explanation. They argue that the issuers want 

dispersed shareholders because it increases the liquidity of the shares in the second hand market. 

Another way of protecting private benefits of control is to put in place a takeover defense or issue 

non-voting stock. Field and Karpoff (2002) show that a majority of U.S. firms deploy a takeover 

defense just before going public. If the management uses other takeover defenses, why would they 

need to use underpricing to strategically allocate their shares? As there exists proof that other 

methods of retaining control are used when going public, protection of private benefits is unlikely to 

be the only driver of underpricing. 

Reducing agency costs 

If the managers have stakes in the issuing company they might want to work towards reducing 

agency costs if their agency costs exceeds their private benefits of control. Thus, management 

should seek to minimize the possibility of extracting private benefits, instead of maximizing it 

(Eckbo, 2008). Based on this intuition, Soughton and Zechner (1998) claim that the management of 

the issuing company might prefer to allocate shares to large outside investors instead of many small 

ones, due to the monitoring incentive of a large investor. The large investor could then reduce 

agency costs through monitoring, but would also reduce the private benefits of control. As long as 

the manager’s agency costs are reduced by more than his private benefits, he has incentive to 

allocate shares to one large investor. However, the investor needs a good reason to make a large 

investment in the IPO. He is therefore induced to do so through underpricing. Consequently, 

underpricing might be a result of managers with ownership, trying to reduce agency costs. This 

theory has received little attention in academia and there is little empirical evidence supporting it. 

2.3.4. Behavioral theory 

The last group of explanations for underpricing consists of the behavioral theories. Here, behavioral 

finance is used to explain why underpricing occur. The notion is that investors are irrational and bid 
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up the price of IPO shares beyond what they are really worth, or that issuers are irrational and 

therefore fail to put pressure on underwriters to reduce underpricing. 

Cascades 

Welch (1992) describes “informational cascades” that can emerge when investors make their 

investment decisions sequentially. The idea is that later investors disregard their own information to 

instead base their valuations on the bids of earlier investors. The first investors make bids, and by 

committing to them, start a positive cascade. Since the later investors follow the earlier investors, 

the early investors can demand underpricing as a reward for starting a positive cascade. Hence, 

informational cascades provide an explanation for underpricing. However, cascades cannot be 

present when the bidding information is kept secret, as is the practice with the book-building 

method. Then the underwriters keep the information to themselves and all investors act only upon 

their own valuation (Eckbo, 2008). 

Welch’s (1992) explanation has been explored very little by researchers. The reason might be due to 

econometric- or data-difficulties. In addition, most Norwegian IPOs use the book-building method 

thereby eliminating cascades as an explanation for Norwegian IPO underpricing. 

Investor sentiment 

This behavioral theory argues that the irrationality or sentiment of the investors could have a large 

impact on the pricing of IPO stocks. The reason why sentiment would play a bigger role in this type 

of stocks is that IPO firms lack historical data and information, which makes them difficult to value 

correctly. Ljungqvist, Nanda and Singh (2004) assume that sentiment investors hold overly 

optimistic beliefs about IPO firms. Issuers would like to take advantage of this, but cannot flood the 

market with stocks as this would depress the price. In addition, they cannot hold on to the stocks 

either, due to regulatory constraints on firms’ own-stock inventory. This constraint exists in Norway 

as the Oslo Stock Exchange requires that the issuer enlists at least 25% of the company’s shares. 

Ljungqvist, Nanda and Singh’s (2004) theory says that the issuers sell stock to institutional 

investors, who again resell to the sentiment investors. The institutional investors maintain the 

supply restricted to keep the price up, and then gradually sell out their stock inventory to the 

sentiment investors. However, holding the IPO stock over time is risky for the institutional 

investors. In the event of a stock market downturn, the stock price could drop in value and the 

institutional investors would be punished for their effort in limiting the stock supply. As a reward 
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for taking on this risk, they receive underpriced shares. This is how Ljungqvist, Nanda and Singh 

(2004) explain IPO underpricing with investor sentiment.  

Dorn (2002) use German data to show that popular IPO stocks pass from institutional investors to 

retail investors over time. This could support the notion that institutional investors help the issuers 

limit the supply of their stocks, possibly in order to keep the prices high among the sentiment retail 

investors.  

There is also other research based on investor sentiment. Barber and Odean (2009) argue that retail 

investors are net buyers of attention-grabbing stocks. The explanation is that the investors can only 

sell what they own, but they can choose from a large set of available alternatives when they want to 

buy stocks. Da, Engelberg and Gao (2011) argue that this “attention-induced price pressure 

hypothesis” applies especially to IPO stocks. IPOs are likely to experience a lot of retail attention 

when they go public, and therefore greater retail buying pressure when the trading starts. They 

argue that since it is difficult to short sell IPOs, this buying pressure from retail investors could be a 

major contributor to higher first-day returns, that is, higher underpricing. 

Testing investor sentiment 

In periods of high stock returns and many companies going public, so called “hot markets”, the 

underpricing of IPOs is higher according to Ibbotson and Jaffe (1975). Sentiment theory could 

explain this phenomenon as issuers taking advantage of periods with high optimism in the market. 

Thus, many issuers perform IPOs during hot markets, and few during cold markets. By testing if 

there is significantly more underpricing during hot markets than cold markets the investor sentiment 

theory can be tested to some degree. Even though there might be other explanations to hot and cold 

markets, the investor sentiment explanation of Ljungqvist, Nanda and Singh (2004) can be at least 

partly supported if there is significant difference in underpricing between the two. Hot markets can 

be proxied by recent market performance or by the number of IPOs in the period. 

A better proxy for investor sentiment might be the Investor Sentiment Index developed by Baker 

and Wurgler (2006). The index itself is created from several different proxies for sentiment, based 

mostly on US data. By assuming that sentiment in other countries mimics the U.S. sentiment levels, 

this index can be used as a variable in testing whether IPO underpricing is explained by investor 

sentiment.  
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Da, Engelberg and Gao (2011) tested if higher investor attention affects the level of underpricing in 

IPO stocks. The most interesting feature of their research is the proxy they use for investor 

attention, namely the degree to which the company name has been searched for online in Google 

prior to the IPO. People who search for financial data in Google are likely to be retail investors, as 

institutional investors would probably have access to better terminals such as Reuters or 

Bloomberg. Thus, the Google search data relates to the retail investors, which are the ones the 

investor sentiment theory focus on. Da, Engelberg and Gao (2011) use a measure for Google 

searches called the Search Value Index which is publicly available from Google Trends
5
. The 

Search Value Index is then transformed into a measure they refer to as Abnormal Search Value 

Index, which can be explained as by how much the current week’s search index level exceeds the 

previous 8 weeks’ median search value index. They find that company names which experienced a 

high abnormal search value index from Google Trends in the week of the IPO, had a 6% higher 

underpricing. In other words, they showed that the higher the attention for a stock in the week 

before the IPO, the higher the underpricing. Following the reasoning of Da, Engelberg and Gao 

(2011), the investor sentiment theory can be tested by researching if higher investor attention prior 

to an IPO gives higher underpricing. Unfortunately, small companies are not always available in 

Google Trends as their company names are searched for too rarely. This can therefore critically 

reduce the sample size. Another problem is that some companies have names that could relate to 

other Google searches like e.g. Apple. 

Prospect theory and mental accounting 

Loughran and Ritter (2002) explain IPO underpricing with behavioral biases among the managers 

of the IPO firm instead of among the investors. The explanation is linked to Thaler’s (1980) notion 

of “mental accounting”. Mental accounting implies that the issuing firm only cares about the total 

wealth gain or loss. Money left on the table due to underpricing is perceived as a loss, while the 

price appreciation on the shares which the issuer did not sell is perceived as a gain. If the issuer is 

biased by mental accounting, he sums his wealth loss against his wealth gain. If it ends up in the 

plus side, the issuer will be overall happy with the performance of his underwriter. Therefore, the 

underwriters can continue to underprice shares to benefit themselves in various ways.  

                                                           
5
 Google Trends is Google’s own site providing indexed statistics on worldwide Google search data. 
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Testing prospect theory 

Ljungqvist and Wilhelm (2005) test this theory by investigating whether CEOs are satisfied with 

their underwriters. This can be proxied by whether or not the firm uses the same underwriter for 

later, seasoned equity offerings. Their results show that the behavioral model of mental accounting 

can explain some underpricing, but other factors might very well be involved. Altogether, quite 

little research has been done on this theory.  

2.4. Theories I will test 

As can be seen from the above description of the existing theories, there are many to choose from 

and consequently a wide selection of theories that needs to be eliminated due to the scope of this 

thesis. The main basis for eliminating a theory from my research is data availability. If the data I 

need in order to replicate a previous study for my Norwegian IPO data is confidential, or in other 

ways not publicly available, I cannot research that theory. An example is Muscarella and 

Vetsuypen’s (1989) test of the principal agent explanation for underpricing. They use a sample 

containing only investment bank IPOs. This would not be possible to do for the Norwegian IPO 

market, as very few investment banks have gone public in Norway the last 10 years. Also Da, 

Engelberg and Gao’s (2011) measure of investor attention through Google searches has been 

eliminated. The reason was that most of my IPO sample could not be found in Google Trends 

because of too few searches. 

Another reason for elimination is if I find a theory to be very unlikely or if it has received little 

academic support. Here, an example would be the cascades theory which, except for Welch (1992), 

very few academics have supported. As the theory is therefore likely to explain little of the 

underpricing in Norway, I have chosen to exclude it. In similar fashion, many of the other theories 

have been eliminated. After elimination, I have reduced the testable theories to a manageable 

number.  

My main focus will be on theories from the Asymmetric Information and the Behavioral category. 

Among the Asymmetric Information theories I will perform tests on the Winner’s Curse and on 

Information Revelation theory. The testing of the Winner’s Curse will be based on Beatty and 

Ritter’s (1986) option pricing view of an IPO. The Information Revelation theory will be tested 

through Hanley’s (1993) Partial Adjustment Theory and also by applying the tradeoff-approach of 

Edelen and Kadlec’s (2005). The Behavioral theory which I have chosen to research is the Investor 

Sentiment theory. My tests will be based on the investor sentiment index created by Baker and 
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Wurgler (2006) and also on the “hot” and “cold” markets study by Ibbotson and Jaffe (1975). As 

the names of the various authors and theories are many and can easily be confused with each other, 

I have repeated a quick explanation of the selected theories together with my hypotheses-section in 

part 3. There, different hypotheses have been produced in order to test the theories chosen in this 

section.  
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Part 3: Methodology and data 

This part starts by introducing the structure of my analysis and the hypotheses that will be tested in 

order to link underpricing to the selected theories. This is followed by a description of the data 

selection process and of the different ways of calculating underpricing. Finally, I explain the basics 

of regression analysis including an introduction to the necessary assumptions. 

3.1. Structure of my analysis 

In order to test the theories selected in the previous part I have developed 6 different hypotheses. 

These hypotheses will be tested through regression analysis. Based on the hypotheses, the variables 

to be included in the regression are chosen and the necessary data is collected. After adjusting and 

optimizing my data I assess the hypotheses by regressing my dependent variable, which is IPO 

underpricing, on all the relevant explanatory variables. Having corrected the regression analysis for 

various econometric issues it will reveal the relationship between the different explanatory variables 

and the underpricing, along with the significance levels. I can then make statistical inferences about 

the different hypotheses. Having done my regression analysis I will interpret the results and draw 

conclusions about the relevance of each of the selected underpricing theories to the Norwegian IPO 

market. 

3.2. Hypotheses 

In order to answer the problem statement the most interesting and academically supported theories, 

with accessible research data, have been selected from the vast IPO underpricing literature to be 

tested econometrically on empirical data from the Oslo Stock Exchange. The introduction to these 

theories and the selection among them were given in detail in part 2 of the thesis. In addition, part 2 

also explains the theories in depth, containing arguments supporting the below hypotheses. In order 

to research the selected theories I have designed 6 hypotheses. By statistically testing these 

hypotheses I will be able to make inferences about to what degree the selected theories can explain 

the underpricing in Norway from 2003 to 2012. This time frame was selected due to, among others, 

data availability reasons as explained in section 1.3. In order to research the hypotheses I will need 

my own data on underpricing. This leads me to the first hypothesis, which is a general test of 

underpricing. 

Hypothesis 1:  

 Norwegian IPOs have been fairly priced from 2003 to 2012.  
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In a frictionless world, where the efficient market hypothesis holds, hypothesis 1 would also hold. 

However, as the theoretical review of the topic in part 2 demonstrated, earlier research show 

significant underpricing in almost every developed country, including Norway. Hypothesis 1 will be 

rejected if I find a significant over- or underpricing. If hypothesis 1 can be rejected, I expected the 

direction of the mispricing to be towards underpricing.  

The data obtained from researching hypothesis 1 will be used further to test all the other 

hypotheses. It is also useful in itself to confirm the existence of IPO underpricing in Norway using 

the most updated data. The next hypothesis relates to the Winner’s Curse theory, which falls into 

the asymmetric information category.  

Hypothesis 2: 

Underpricing is unaffected by valuation uncertainty  

If hypothesis 2 can be rejected, I will expect that IPO underpricing increases in valuation 

uncertainty. This is based on theory by Beatty and Ritter (1986) suggesting that underpricing 

increases when the IPO stock is more difficult to value. If this is the case, this supports Rock’s 

(1986) Winner’s Curse explanation of IPO underpricing. The Winner’s Curse problem increases in 

information asymmetry. That is, the more investors choose to become informed, the worse the 

Winner’s Curse problem gets, and the underpricing increases. Producing information to become 

informed can be viewed as buying a call option on the IPO. When informed (has bought the option), 

the investor can make his opinion about the valuation of the IPO and will purchase the IPO shares at 

the offer price (exercise the option), if the valuation exceeds the offer price. If not, he does not buy 

the IPO and throws away the option. As with all options, the value of the call will increase in 

volatility of the underlying asset. Here, the value of the option will increase when valuation 

uncertainty increases. As the value of the option increases, more people will choose to become 

informed, worsening the Winner’s Curse, and increasing the underpricing. Thus, by testing 

hypothesis 2, I can test the Winner’s Curse explanation.  

Hypothesis 3: 

 Underpricing is unaffected by upward revisions in the offer price 

If hypothesis 3 can be rejected, I expect that underpricing increases when the offer price has been 

revised upwards. Although a higher offer price, ceteris paribus, implies lower underpricing, the 
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Information Revelation theories suggests otherwise. The alternative hypothesis is based on Hanley’s 

(1993) partial adjustment theory. Basically, it states that if the offer price is revised upwards it 

implies that positive information regarding the IPO has been revealed. This information is only 

partially adjusted for in order to leave some underpricing as a reward to investors for truthfully 

revealing their information. Hanley’s (1993) partial adjustment theory, and thereby Information 

Revelation theory, could be an explanation of underpricing in Norway if hypothesis 3 can be 

rejected by the data.  

Hypothesis 4:  

 Underpricing is unaffected by the valuations of comparable companies 

If hypothesis 4 can be rejected, I expect that underpricing is higher in periods of high valuations of 

comparable companies. This notion stems from Edelen and Kadlec’s (2005) rational explanation to 

underpricing. It states that issuers face a trade-off between high proceeds and high probability of 

succeeding with their IPO. In periods of high valuations of comparable firms, the IPO proceeds will 

probably be large as the issuing company should also expect a high valuation. As the proceeds will 

be high, there is too much to lose if the IPO fails and the issuer will want to make sure the IPO 

succeeds. This is done by setting the offer price relatively low compared to the high valuations of 

the competitors. Consequently, the underpricing is higher in periods of high values of comparable 

companies. In periods of low valuations, the issuer has little to lose on setting a relatively high offer 

price. This causes low underpricing in periods of low valuation of comparable firms. Proof of a 

positive relationship between underpricing and comparable firms’ valuations will therefore support 

the explanation of Edelen and Kadlec (2005).  

Hypothesis 5: 

Underpricing is unaffected by investor sentiment 

Testing hypothesis 5 is a direct test of the investor sentiment explanation for underpricing. If 

hypothesis 5 can be rejected, I expect that underpricing increases when investor sentiment 

increases. Ljungqvist, Nanda and Singh’s (2004) theory says that most of the IPO stocks are sold to 

institutional investor who again can gradually sell the stocks on to retail investors, thus keeping 

supply restricted. This method is used during periods of high investor sentiment, when issuers want 

to keep sentiment high by restraining supply of their stocks. Underpricing is used as a means to 
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reward the institutional investors for their effort in restricting supply of the IPO stock. As 

Ljungqvist, Nanda and Singh’s (2004) theory predicts that this will only happen in periods of high 

sentiment, finding a significant positive relationship between underpricing and sentiment would 

cause a rejection of hypothesis 5 and instead back investor sentiment theory.  

Hypothesis 6: 

 Underpricing is unaffected by the period’s IPO activity (“hot/cold markets”)  

If hypothesis 6 is rejected, I expect that underpricing is higher in periods of high IPO activity (“hot 

markets”), and lower in periods of low IPO activity (“cold markets”). This view is based on the 

“hot” and “cold” markets theory of Ibbotson and Jaffe (1975). The theory can again be linked to the 

investor sentiment explanation of Ljungqvist, Nanda and Singh (2004) claiming that investor 

sentiment drives IPO underpricing. According to this theory, the issuers take advantage of periods 

when investors are overly optimistic, so called “hot markets”, where the IPO activity is numerous. 

For the investor sentiment theory to be supported there should be a positive and significant 

relationship between underpricing and IPO activity, that is, higher underpricing during “hot 

markets” than during “cold” ones.  

Many of the above hypotheses have experienced both supporting and rejecting results in several 

studies from different authors, performed outside of Norway. By analyzing the hypotheses for 

Norwegian IPOs I can get closer to understanding what drives underpricing in Norway. At best, my 

data rejects a null hypothesis and allows me to accept one of the tested underpricing theories as an 

explanation of the IPO underpricing in Norway. Alternatively, the null hypotheses cannot be 

rejected (or is rejected, but behaves in the opposite way of what is expected), causing me to 

withdraw support for the tested theories as possible explanations for Norwegian IPO underpricing. 

Consequently, the testing of the above mentioned hypotheses contributes to academia in some way 

or another, whether they are rejected or not.  

3.3. Data 

The original data set on which I have based my analysis contains all of the 168 IPOs done on the 

Oslo Stock Exchange from 2003 to 2012. Out of these 168 IPOs, 117 IPOs remain after elimination 

due to the various reasons discussed in the next section. IPO date, company name, industry code 

and the type of each listing were extracted directly from the Oslo Stock Exchange (Oslo Børs, 

2013b), while all the remaining necessary data was found in each IPO’s individual prospectus. 
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These were mostly retrieved online from Newsweb (Oslo Børs, 2013d), which is Oslo Stock 

Exchange’s official notification web site. The prospectuses contain information about the offer 

price, the indicative offer price range, the offer period, and price revisions if present. Stock relevant 

data such as the first day closing price, price book ratios, and the same day return on relevant 

industry indices were retrieved from Datastream (Thomsen Reuters, 2013) and the Bloomberg 

Database (Bloomberg L.P., 2013). Investor sentiment information was extracted from the website of 

Jeffrey Wurgler from New York University, Stern School of Business (Wurgler, 2012). 

Unfortunately, some of the IPO prospectuses were unavailable causing the relevant IPOs to be 

excluded from the sample as the underpricing could not be measured without knowledge of the 

offer price, subscription closing date, etc. The unavailability of prospectuses was especially an issue 

among the earlier IPOs and those that are bankrupt or delisted today. This caused minor reductions 

to the sample, and might also have introduced some degree of survivorship bias. Survivorship bias 

implies that the data sample is biased as the companies that performed the worst are not included as 

these do not exist anymore (Gujarati & Porter, 2009). The effect of such a bias depends on whether 

or not the IPOs with non-existing prospectuses have higher or lower degree of underpricing or 

overpricing. I will not try to make inferences about the effect of a possible survivorship bias as this 

would be an educated guess at best. 

3.3.1. Data selection process 

Having decided on the necessary variables and proxies for my research most of the data were 

collected manually. By going through financial databases, notifications from the Oslo Stock 

Exchange, IPO prospectuses, company websites, and previous studies and theses, I have collected a 

unique data set. Finding and working through each prospectus was especially time consuming work, 

but necessary in order to get as large a sample as possible. Information about the offer period for the 

IPO is necessary in order to calculate the return on the relevant industry index from the time of 

subscription until the shares went public. This return is again used to adjust the initial return for 

market movements, as will be explained in detail in part 3.4.2 of the thesis. For the few cases where 

the offer period could not be found, I have assumed that the offer closes for subscription on the day 

of the IPO. The assumption implies that no adjustment for market movements is made for the few 

observations in question. In line with the findings of Adrian Hunger (2012), this assumption will be 

of marginal effect to my results, as the difference between adjusted and non-adjusted underpricing 

is often negligible. In addition, my assumption is necessary in order to avoid adjusting the initial 
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return when the direction of adjustment is unknown. This is also a methodology that has been used 

by other authors like Barrera and Langmoen (2009). 

3.3.2. Excluded data 

As mentioned earlier, some of the data had to be excluded from my sample. The main cause of 

exclusion was difficulties in finding all the variables necessary to calculate the underpricing. This 

problem was especially related to missing prospectuses among the early part of my IPO sample and 

among companies that have been delisted. This has caused a reduction in observations from the 

early part of my chosen timespan. In total, 25 IPOs were excluded due to partly missing data or 

missing prospectuses. These include a few large companies like DNB Nor, Seadrill Ltd and 

Bergesen Worldwide Offshore Ltd.  

Some companies were also excluded for other reasons than lacking data. Among these are 16 

demergers, coming from already listed companies. As these listings are not first time IPOs, in the 

sense that they have already been valued by the market when they belonged to its former company, 

the degree of underpricing can be affected. In addition, shares in the new company are often given 

to shareholders in the original company, without a proper offering to the public. The demergers 

excluded from the sample include Yara International and Golden Ocean Group which demerged 

from Norsk Hydro and Frontline Ltd respectively. 

As mentioned earlier, the Oslo Axess is an exchange with more lax requirements which accepts 

smaller and less liquid companies than the Oslo Stock Exchange. Listing on the Oslo Axess is 

therefore often done as a first step in order to later be accepted on the Oslo Stock Exchange when 

the company fulfills the necessary conditions. Companies that perform such a transfer are excluded 

from the sample. The reason is that these companies have already been offered to the public during 

their listing on the Oslo Axess. Thus, they have been traded at market value and are simply moving 

their public trading to another exchange. Sevan Drilling, Spectrum and Bridge Energy are among 

these companies. Having excluded companies for the various reasons mentioned above, my sample 

now consists of 117 IPOs from 2003 until 2013. 

3.4. Calculating underpricing 

A common measure of underpricing is the first day’s initial return on the IPO stock. A large first 

day return implies that the IPO offer price was set too low, causing a price increase the first day of 

public trading. The larger the initial return, the higher the underpricing. If the initial return is 
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negative, the IPO was overpriced. Some authors choose to use this simple initial return as the 

underpricing measure in their research. Perhaps a more commonly used method is to adjust the 

initial return by subtracting the same period market return. In that model, the company’s beta value 

can also be included in the adjustment. These different methods of calculating underpricing are 

explained below. 

3.4.1. Simple initial return 

The simple initial return is calculated according to the following formula: 

   
           

      
 

Ri = Initial return of stock “i”. 

Pi, t = Closing price of stock “i” on first day of trading. 

Pi, t-1 = Offer price of stock “i” at the last day of the offer period. 

The above formula calculates the initial return Ri as the difference between the first day closing 

price and the offer price, divided by the offer price. Alternatively, the first day opening price is also 

sometimes used as an alternative to the first day closing price. However, the argument for using the 

closing price is that the stock price is then stabilized as all the public investors have had time to 

make their trades in the IPO stock. The opening price will only reflect the bids made for the stock 

before it opened, and might therefore not reflect all the market information. The pre-opening bids 

are avoided by many investors, as they would rather want to wait and see what level the public price 

will be. Thus, by using the closing price, the initial return calculation will be more precise as all the 

market participants have taken part in the pricing. In a well-developed capital market without 

fluctuation restrictions on the stock prices, all information necessary to decide the full extent of the 

underpricing should be reflected in the stock price by the closing on the first trading day (Eckbo, 

2008).  

The “simple” initial return is, however, based on an assumption that does not necessarily hold. As 

there might be several days between the offer period and the first day of trading, there will often be 

market movements affecting the initial return. That is, if there are market movements in the stock 

market after the offer price is decided, one should expect that these movements also affect the IPO 

stock. Thus, the observed initial return might come from positive or negative market movements, 
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and not from underpricing. This issue worsens the longer there is between the offer period and the 

IPO date. In my sample, the average time between the closing of the offer period until the IPO date 

is 4.3 days. Consequently, my initial return estimates could be biased if I use the simple initial 

return measurement instead of a measurement which is adjusted for market movements. Many 

academics choose to ignore this bias, claiming that it is of marginal importance to the results. These 

authors include Derrien and Womack (2003), Ljungqvist and Wilhelm (2003), Lowry and Schwert 

(2001), and several others. 

3.4.2. Market adjusted initial return 

By adjusting the simple initial return through subtracting the same period return on a relevant index, 

the issue of market movements between the offer period and the IPO date can be corrected for. This 

gives us the adjustment method of Logue (1973). The method adjusts the simple initial return by 

subtracting the same period return on a relevant index: 

           
           

      
  

           

      
 

αi = Abnormal initial return of stock “i”. 

Ii, t = Index closing value on first day of trading of stock “i”. 

Ii, t-1 = Index value on the last day of the offer period of stock “i”. 

This method of measuring underpricing corrects for market movements during the initial return 

period by subtracting the same period return on a relevant market index. However, it is clear that 

the selection of this market index is of importance to the degree of underpricing (Hunger, 2012). 

The chosen index should reflect an alternative investment which implies the same risk as the IPO. 

This could be a general market index or a more specific industry index. Still, the market adjustment 

does not necessarily correct entirely for the risk of the individual securities, as each stock might 

differ in risk levels compared to their industry peers. Due to the difficulties in estimating the risk 

levels when no prior returns time series exists, the marked adjustment is still the preferred method 

of calculating underpricing. After it was first used by Logue (1973), several other known 

underpricing academics like Ibbotson and Jaffe (1975) and Loughran, Ritter and Rydqvist (2012) 

have used this method. When the market or industry index is known, some authors like to include a 

beta value in the calculation of the abnormal initial return: 
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     (

           

      
) 

βi = Systematic risk of stock “i” 

When using this model, a common problem is that the beta value cannot be measured when 

considering IPOs, as there is no existing stock price history. Therefore, the beta value is often 

assumed to be 1, getting us back to the Logue (1973) method. An alternative is to use the beta 

values of comparable companies, but this method might not be optimal as new listings might have 

properties giving different beta values. Loughran and Ritter (2002) estimate a beta of 2.4 for 

American IPOs, which is higher than the beta of most already listed firms. However, using a beta 

different from 1 is very uncommon among the underpricing academics.   

I have chosen to use market adjusted initial return as my measure of underpricing instead of simple 

initial return. In practice, the difference will be negligible according to academics like Hunger 

(2012), which might explain why many high profile experts use only simple initial returns. Instead 

of making speculations to what the true beta of Norwegian IPO stocks should be, I have chosen to 

use the methodology of Logue (1973), and most other known academics, and assumed a beta equal 

to 1. This makes sense when considering that I will use industry indices for my market corrections. 

If the true beta value is higher than 1, my underpricing estimates will be slightly overestimated 

during positive market movements, and slightly underestimated during negative market movements.  

For the choice of market index, I will use each IPO’s most relevant industry index from the Oslo 

Stock Exchange according to the Global Industry Classification Standard (GICS)
6
. That is, for IPOs 

belonging to the “Energy” GICS code, the underpricing will be calculated using the OSE10 Energy 

Index as the market index, and so on. By using different industry indices instead of a broader 

market index, the market movement correction will reflect an alternative investment with similar 

risk to that of the IPO. Using a beta value of 1 also makes more sense when the indices in question 

are industry specific. This will cause the true beta to be closer to 1 than if I had used a broader 

market index. 

                                                           
6
 The Oslo Stock Exchange classifies companies into industry indices according to GICS codes. Examples are OSE-10 

Energy index, OSE-20 Industrials index, etc. Return data on these indices are publicly available.  
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3.5. Regression analysis 

In order to analyze the relationship between underpricing and the selected theories I will perform a 

multiple regression analysis. The analysis yields an equation describing the relationship between the 

variables in the regression.  

Multiple regression analysis has one dependent variable and two or more explanatory variables. The 

dependent variable is the variable that you research the dependence of (Gujarati & Porter, 2009). In 

my case, the dependent variable will be underpricing, and I will research which explanatory 

variables the underpricing depends on. My explanatory variables will be linked to the different 

hypotheses that I am attempting to test. In the analysis part, I will comment on the process of 

choosing the variables for my regression analysis. Performing a regression analysis on my data 

sample will give me the relationship between the different explanatory variables and the dependent 

variable, as well as the significance of the relationships, the explanatory power of the equation and 

other useful information. Before the regression equation can be used to perform hypothesis testing, 

the equation must be estimated. I have chosen to use the Ordinary Least Squares method which is 

explained in the following section.  

3.5.1. Estimating the regression 

The two most common ways of estimating the regression equation are the Ordinary Least Squares 

(OLS) method and the Maximum Likelihood (ML) method (Gujarati & Porter, 2009). Although the 

two methods in general give the similar results, I have chosen to use only the OLS method due to its 

mathematical simplicity. This is also the most widely used regression estimation method of the two.  

OLS regression is a method of estimating the parameters ( ̂ values), which are the best estimates of 

the true population. This estimation of the parameters is based on the least square principle. That is, 

OLS chooses the estimates such that the residual sum of squares is as small as possible (Gujarati & 

Porter, 2009). In graphical terms, OLS fits a line through the sample points with as small deviations 

between the line and the sample points as possible.  

When the regression has been estimated, the β parameters can be used in hypothesis testing. 

However, the β parameters can only be used for this purpose if they are what is said to be “Best 

linear unbiased estimators” (BLUE). The next section shortly explains the properties of a BLUE 

parameter. 
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3.5.2. BLUE parameters 

If the necessary assumptions of classical linear regression hold, the BLUE-properties of the 

regression parameters are fulfilled. These properties are part of the famous Gauss-Markov Theorem 

(Gujarati & Porter, 2009). If the regression parameters are BLUE, they are said to be “best linear 

unbiased estimators”. By having BLUE parameters (β values) I can use the regression for 

hypothesis testing. Being BLUE implies that the following three properties hold for the regression 

parameters: 

1. The estimator (parameter) has minimum variance. That is, the estimator with the lowest 

variance is the best estimator as it is more likely to be close to the true β. 

2. The estimator is a linear. That is, the regression is linear in its coefficients. 

3. The estimator is unbiased. That is, it’s expected value is equal to the true value (  [  ̂]  

  ) 

As long as the assumptions of the classical linear regression model are fulfilled, the theorem should 

hold and the parameters will be BLUE. I will not need to look for better estimators as the OLS 

method will find the optimal ones. Of course, if some of the assumptions do not hold, the theorem is 

invalid. Then the parameters might not be BLUE and any statistical inferences I make might be 

biased (Gujarati & Porter, 2009).  

3.5.3. Regression assumptions 

The assumptions of classical linear regression are many and could be explained in greater detail 

than what is done in this thesis. For a more in depth explanation of the different regression 

assumptions I recommend further investigation of Gujarati and Porter (2009) which is referred to in 

my bibliography. The regression assumptions are as follows
7
: 

1. The regression model is linear in parameters 

2. The explanatory variables are independent of the error term (residual term) 

3. The error terms have a zero conditional mean 

4. The error terms have constant variance (homoscedastic) 

5. The error terms are uncorrelated (no autocorrelation) 

6. The number of observations must exceed the number of parameters to be estimated 

7. The explanatory variables contain some variance and should not contain outliers 

                                                           
7
 Assumption 10 does not belong to the “classical” linear regression model. 
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8. The explanatory variables are uncorrelated (no multicollinearity) 

9. The regression model does not contain specification bias 

10. The error terms are normally distributed 

In reality, performing regressions where all of the above mentioned assumptions hold perfectly is 

unrealistic. In addition, all of the assumptions are not of equal importance. Assumption 1 and 3 will 

hold in my regression through the way the OLS equation is constructed. The parameters will be 

kept linear (they will not be quadratic, etc.) ensuring assumption 1. The inclusion of a constant in 

the regression will ensure assumption 3, as the constant is estimated such that the mean residual 

value (mean of the error terms) is zero. Assumption 2, on the other hand, might not hold. The 

reason is that my type of research is likely to have the specification error of an omitted variable. 

This is likely because the theory is quite inconsistent with which variables should be included, and 

the variables causing underpricing are heavily discussed. If there is an omitted explanatory variable, 

the effects of such a variable will be captured by the error term. If the omitted variable has any 

correlation to the included regression variables, the included variables will now be correlated to the 

error term. Thus, the explanatory variables might not be independent of the error term. Breaking 

assumption 2 can causes the regression estimators to be biased. The direction of the bias depends on 

the covariance between the omitted and the explanatory variables (Gujarati & Porter, 2009). 

Breaking this assumption is however an often unavoidable part of regression analysis, and I will 

therefore have to accept it. 

Assumption 5 should not be a problem as I use cross sectional data in my regression and 

autocorrelation is only an issue in time series regression. I know for sure that assumption 6 holds, as 

I have a sample size of more than 100 IPOs, and will certainly not use that many explanatory 

variables in my analysis. By looking at my data I know that there is variance in each explanatory 

variable causing assumption 7 to hold as well. If I choose an appropriate functional form and 

include the theoretically correct variables, specification error will not be an issue. However, as 

explained above, my type of research is extremely prone to specification errors, as the different 

theory predicts the inclusion of quite different variables. Hence, the risk of making specification 

errors and breaking assumption 9 is present. Non-normality of the error terms is only a problem for 

small samples, and the errors can therefore often be assumed normal. That is, if the sample is 

considered sufficiently large, a violation of assumption 10 is virtually without consequences. 
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Some of the more important or complicated assumptions have to be tested for specifically. I have 

performed the necessary statistical tests in order to uncover issues like heteroscedasticity and 

multicollinearity. Heteroscedasticity is likely to occur in my type of regression due to the nature of 

my variables, and so called Heteroscedasticity Robust Standard Errors can be used to cope with the 

issue. Multicollinearity is less likely to be a problem, but possible signs of multicollinearity will be 

controlled for when assessing the regression output. The results of these tests are discussed in 

section 4.4 along with the discussion on the possible repercussions of potential assumption 

violations and the solutions to the issues. It should again be noted that very few advanced 

regressions fulfill all of the above assumptions.  
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Part 4: Analysis and results 

In this part I present my findings of underpricing in the Norwegian IPO market along with 

descriptive statistics and comparisons to earlier findings. This is followed by a presentation of the 

regression variables and their theoretical justifications. Having presented the regression variables, 

3 regression models are introduced, estimated, and commented. Lastly, I mention potential 

econometric issues and the remedial measures that have been applied.  

4.1. Underpricing results 

My data set of 117 IPOs from 2003 to 2012 shows a simple initial return of 3,169%. This is the 

arithmetic average of the unadjusted initial returns, that is, the underpricing when not adjusting for 

market movements. When adjusting for market movements, my sample of Norwegian IPOs remains 

underpriced, although to a marginally higher degree. The average adjusted initial return on the 117 

IPOs is 3,174%. Other than the simple averages, there might be more information necessary to fully 

understand the observed IPO underpricing. Hence, the following section gives a detailed overview 

of the descriptive statistics related to the underpricing measure.  

4.1.1. Descriptive statistics 

The table below summarizes the descriptive statistics of the underpricing results. 

 

Table no. 1: Descriptive statistics of underpricing results 

The table shows that the difference between the simple initial return (raw IPO underpricing) and the 

market adjusted underpricing is very little both when considering the mean and the standard 

deviation. This finding is in line with the research of Hunger (2012). The adjusted underpricing is 
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actually slightly higher than the unadjusted underpricing, meaning that the market return from the 

subscription period to the IPO date for all the IPOs in the sample is negative on average. The higher 

adjusted underpricing could have been driven by months like October 2005, which had many IPOs 

and at the same time a negative market return. Even though the difference is negligible, I will focus 

on adjusted underpricing which I find to be the most theoretically appropriate
8
. A simple t-test 

reveals that the adjusted underpricing of 3.174% is statistically significant on the 1% significance 

level. The t-statistic is estimated to be 4.18 which by far exceeds the critical value of 2.62
9
. This is 

an important initial result which confirms the existence of IPO underpricing in my research period. 

The median value of the adjusted underpricing is 0.93%, indicating that half of the observations 

have a higher initial return than 0.93%. As the median is lower than the mean, which is 3.174%, the 

sample appears to be skewed to the right. The higher mean value is caused by a few high 

observations pulling the mean above the median. The skewness is calculated to be 1.7, which 

confirms my suspicion of a positive skew. That is, there is more data in the right tail than what is 

expected in a normal distribution
10

. The 25
th

 percentile tells us that 25% of the observations are 

lower than -1.90%. The 75
th

 percentile tells me that 75% of the observations are lower than 6,24%, 

implying that the remaining 25% are 6.24% or higher. The percentiles therefore give me the 

impression that substantial underpricing is definitely not uncommon in the sample, even though 

some observations contribute heavily to the positive mean.  

The kurtosis of 4.09 also indicates deviation from the normal distribution. Compared to the normal 

distribution with a kurtosis of 3, my sample has a slightly taller and narrower shape than the normal 

“bell” shape. The distribution of my sample of underpricing observations is pictured in the 

histogram below. 

                                                           
8
 This is the method used by Logue (1973), Ibbotson and Jaffe (1975) and Loughran, Ritter and Rydqvist (2012) 

9
 This is the critical value on a 1% significance level with 116 degrees of freedom. 

10
 The normal distribution is symmetrically distributed around the mean giving a skewness of 0.  
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Chart no. 5: Distribution of observed IPO underpricing for the entire sample 

The graph shows that the right tail is thicker and longer than the left tail, as was expected by the 

positive skew. The many observations between -2.5% and 2.5% produce a spike indicated by the 

high kurtosis. Altogether, my sample of underpricing observations does not seem to be very close to 

the normal distribution.  

Some critics might point out that for the t-test to work optimally the data should be normally 

distributed, which my sample obviously is not. However, as explained by the central limit theorem, 

means of samples from a population approach a normal distribution when the sample size increases 

(Gujarati & Porter, 2009). As the t-test does not make assumptions about the population being 

normally distributed, non-normality can be ignored if the sample size is big enough. My sample 

contains over 100 observations, which should be enough to satisfy most rules of thumb regarding 

the sample size. However, I have performed a non-parametric Wilcoxon Signed Rank test as an 

alternative to the t-test, just in case. The Wilcoxon Signed Rank test can be used to test whether the 

median of a sample is significantly different from zero, and it does not rely on the normality 

assumption (Israel, 2009). The Wilcoxon test confirms the finding from the t-test. That is, the 

median underpricing is statistically different than zero
11

.  

                                                           
11

 The test yields a Z-value of 4.54, which exceeds the critical value at the 1% significance level. 
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Previous studies have shown that IPO underpricing can vary greatly over different time periods. For 

a small IPO market like the Norwegian one, too few observations might obscure the results in some 

years. The observed average underpricing per year is shown in the graph below. 

 

Chart no. 6: Average observed IPO underpricing per year on the Oslo Stock Exchange 

It is clear that year 2003 and 2012 deviates from the common observations. These two years are the 

only ones where IPOs were overpriced on average. An explanation for these uncommon mean 

values is that both 2003 and 2012 had only two observations each, causing the means to be of little 

relevance. 2009 is not represented in the chart, as there were no IPOs on the Oslo Stock exchange 

that year. The remaining years, where the observations were plenty, show average underpricing 

observations varying between 1% and 5%. The varying underpricing from year to year introduces 

the possibility of a time trend present in my data. This might affect my regression results and can 

therefore be important to control for later in my regression analysis. 

Observed IPO underpricing might also vary with the industry of the IPO stock as some industries 

might be more prone to underpricing and others less. The chart below shows the average 

underpricing per industry, using GICS codes to group the IPOs with each other. 
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Chart no. 7: Average observed IPO underpricing per industry on the Oslo Stock Exchange 

The telecom sector consists only of the 1 IPO of Telia Holdings and is therefore not worth 

commenting further. However, what is worth mentioning is that the Consumer Staples sector has no 

underpricing at all. It actually showed an average adjusted initial return of -0.034% which 

constitutes a slight average overpricing. In addition, IPOs in the sectors Consumer Discretionary, 

Health Care and Industrials show only slight underpricing on average while the Materials, IT, 

Financials and Energy sectors show average underpricing of more than 4%. The questions that arise 

are why these sectors are more prone to underpricing and why Norwegian Consumer Staples IPOs 

are not underpriced at all. The next section compares my IPO underpricing results which I have just 

explained with the results of other researchers.  

4.1.2. Comparison of results 

As mentioned earlier, I find an average underpricing of 3.174% which is statistically significant at 

the 1% significance level. My finding seems to be well in line with studies of Norwegian 

underpricing, but very different from the higher underpricing findings of many international studies. 

In addition, my result fits very well with the more recent studies on Norwegian IPOs, but is 

considerably lower than the earlier studies from the 1980s and 90s. Emilsen, Pedersen and Saettem 

(1997) found a 12.5% underpricing in Norway from 1984 to 1996, while Loughran, Ritter and 

Rydqvist (2012) found 9.6% from 1984 to 2006. Fjesme (2011) found initial returns of 8% in 

Norway from 1993 to 2007. Altogether it seems like underpricing has decreased over the years, 

causing studies on newer datasets to show lower initial returns. Consequently, my data sample from 
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2003 to 2012 shows even lower initial returns. Among the newer studies, some student theses have 

researched Norwegian underpricing. Christiansen (2011) uses data from 2002 to 2010 and finds a 

2% underpricing in Norway, but her results are not statistically significant. Hesjedal (2007) studies 

Norwegian IPOs from 2004 to 2006 and finds a significant underpricing of 3%, which is very 

similar to my own finding. Lastly, Barrera and Langmoen (2009) find a 2.45% underpricing in 

Norway from 2000 to 2008.  

Compared to other researchers studying recent Norwegian IPOs, my result seems to fit quite well 

with existing findings. Small differences are most likely linked to the different time spans used for 

the IPO samples. In addition, my study is to my knowledge the only Norwegian study to include 

post financial crisis data from 2011 and 2012. My results, along with other recent studies, do 

however show that underpricing seems to have decreased from the higher levels of the 1980s and 

90s. 

Christiansen (2011) and Barrera and Langmoen (2009) also investigate the underpricing differences 

across industries. Christiansen (2011) findings are similar to mine with respect to the slightly 

negative underpricing within the Consumer Staples sector. A noticeable difference from both 

Christiansen (2011) and Barrera and Langmoen (2009) is that I find the IT industry to be one of the 

high underpricing sectors, while they find it to be fairly low. An explanation for the differences in 

findings might be that Barrera and Langmoen (2009) include earlier data containing the burst of the 

IT bubble in 2000. Christiansen (2011) is a Scandinavian study containing Swedish and Danish IT 

firms in addition to using earlier IPO data than my study. Altogether my underpricing findings 

match other recent Norwegian studies fairly well. Hence, my measure of underpricing appears to be 

fit to research the different hypotheses which are my main focus in this thesis.  

4.2. Regression variables 

In my linear regression models I have chosen to use up to 15 explanatory variables. 5 of these are 

directly related to the hypotheses that I attempt to test, while the remaining 10 are control variables. 

The control variables are included because they might explain some of the observed underpricing. 

By including these, the effect on the dependent variable is captured by the control variable, and 

does therefore not interfere with my research variables. Hence, looking at what happens to my 

research variables when I add and remove control variables works as a robustness check of my 

results. So, even though I do not wish to research anything related to the control variables, they are 
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included in order to check the robustness of my results, ensure proper estimation of my research 

variables and in order to avoid under fitting my model.  

The 5 research variables are theoretically related to my research hypotheses. They are handpicked 

in order to best possibly measure the relationship explained by each hypothesis. By investigating 

the sign and significance of these variables, inferences can be made towards each hypothesis and 

each hypothesis’ related theory. A common mistake when picking these variables is to select the 

variables that fits the regression the best with respect to sign, significance and goodness of fit (R
2
), 

instead of considering the theoretical reason for including the variable. This approach is known as 

“data mining” and can cause the regression model to lose its theoretical relevance (Gujarati & 

Porter, 2009). As my goal is to investigate already known theories, the theoretical relevance of each 

variable is more important to me than its fit in the regression model. So, in order to avoid data 

mining issues it is important that each of the variables have a theoretical reason for being included 

in the model. Below, each variable is explained along with its theoretical relevance and the 

functional form it will take in the regression. 

4.2.1. Underpricing 

IPO underpricing is the dependent variable in my regression, that is, the variable which I am trying 

to research the dependence of (Gujarati & Porter, 2009). The variable is readily observable and 

calculated from publically available data. I use the market adjusted initial return as my measure of 

underpricing, which implies correcting the initial return for market movements using an industry 

index
12

. I find the adjusted calculation to be the most theoretically correct approach and will 

therefore apply it when calculating the underpricing of each IPO. For the few cases where the dates 

of the subscription period are unknown I have assumed zero days between the end of the 

subscription period and the IPO date. As shown earlier, the difference between using simple initial 

return and market adjusted initial return is negligible, and the assumption will therefore not be of 

disturbance to my results.  

The variable for market adjusted initial return has been given the name: Underpricing. 

4.2.2. Valuation uncertainty 

Valuation uncertainty is included in the regression in order to test hypothesis 2. The theoretical 

background for including this variable is from Beatty and Ritter (1986) who suggests that 

underpricing increases when the IPO stock is more difficult to value. Their reasoning is linked to 

                                                           
12

 See section 3.4.2 for details on the calculation of market adjusted initial return. 
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option pricing theory and proof of underpricing increasing in valuation uncertainty will give support 

to Rock’s (1986) Winner’s Curse theory
13

. 

Unfortunately, valuation uncertainty is not a directly observable variable, and a proxy will have to 

be used. Other authors have used proxies like company age (Ljungqvist & Wilhelm, 2003; 

Megginson & Weiss, 1991) or measures of size such as log sales or market cap (Bansal & Khanna, 

2012). Using company age as a proxy for valuation uncertainty is based on the notion that older 

companies are less risky and easier to value due to longer information history. Sales and market cap 

are measures of the size of the company which can be linked to valuation uncertainty because 

bigger companies are more heavily traded, receive more public interest, are followed by more stock 

analysts, and so on. The bigger companies should therefore be more accurately valued and 

consequently, less prone to valuation uncertainty. I have decided to use market cap as my proxy as I 

believe it is the measure which is best linked to valuation uncertainty. Firstly, I think a size measure 

has more relevance with respect to uncertainty than an age measure. The reason is that a company 

with high market cap is probably not of low age, and therefore likely to also have available 

information history. In addition, company size will say more about other factors which are relevant 

to valuation uncertainty like analyst coverage and public interest, than what the age proxy would. I 

prefer market cap to sales as the preferred size measure, thus I am left with market cap as the best 

proxy for the valuation uncertainty of the IPO companies.  

Each company’s market cap is readily observable and publically available information. I use the 

market cap at the date of the IPO for all companies in my sample. I am however, still left with some 

options towards the functional form of the variable. Applying e.g. the reciprocal of the market cap 

as my regression variable would introduce an asymptote which limits the value that the dependent 

variable will take when the market cap increases indefinitely. Such an upper limit would be 

convenient as I suspect that becoming larger will not reduce the valuation uncertainty when the 

company becomes sufficiently large. Unfortunately, applying the reciprocal would cause some 

trouble to the interpretation of the regression coefficient. Instead I have chosen to apply the natural 

logarithm of the market cap as the appropriate functional form in my regression. The reason is that 

the logarithmic approach gives me the absolute change in underpricing for a percentage change in 

market cap. The market cap varies greatly between the observations in my sample, where the largest 

company is about a hundred times bigger than the smallest company. Percentage change in market 

                                                           
13

 See headline «testing the winner’s curse» in section 2.3.1 for further explanation of the theoretical link.  
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cap would therefore be more appropriate as e.g. a NOK 100 million change in market cap might be 

a lot if it is a small company, but negligible if it is a big company. The variable is given by the 

following simple calculation: 

                                            

Beatty and Ritter’s (1986) theory says that underpricing is increasing in valuation uncertainty, 

which I have proxied using the natural logarithm of the market cap.  An increase in market cap 

gives an increase in the natural logarithm of the market cap. Hence, the higher the market cap, the 

lower the uncertainty, and vice versa, causing underpricing to decrease for an increase in market 

cap. Consequently, I expect a negative sign on the regression coefficient for my regression variable. 

The proxy variable for valuation uncertainty given by the natural logarithm of the company’s 

market cap has been given the name: LN_Mcap. 

4.2.3. Price revision 

Price revision is included in the regression in order to test hypothesis 3. The hypothesis is based on 

the information revelation explanation of underpricing, where the price revision works as a proxy 

for information revelation. That is, if the offer price has been revised upwards, positive information 

about the IPO has been revealed during the book-building process. According to Hanley’s (1993) 

Partial Adjustment Theory, positive information is only partially adjusted for. The reason is that 

some of the upwards price revision from the positive information is left out, in order to leave some 

underpricing as a reward to investors for truthfully revealing their information. The theoretical 

reasoning for including a variable for upwards price revision is therefore in place.  

Whether an offer price has been revised upwards, downwards, or not revised at all, is public 

information available in IPO prospects and revised IPO prospects. However, due to some 

difficulties in finding the pre-revision prices in some cases, there are some of my observations 

where I only know that the price has been revised upwards, but not by how much. Therefore I have 

decided to use a dummy variable for upwards price revisions instead of attempting to measure the 

degree of revision. A dummy variable is a variable which takes the value 1 if true and 0 if not 

(Gujarati & Porter, 2009). In order to avoid the case of perfect multicollinearity in the regression, I 

can only introduce 1 less variable than there are categories for the qualitative variable to take. As 

there are 3 possible outcomes for my price revision variable (positive price revision, negative price 

revision and no price revision), I can include only two dummy variables. However, I have chosen to 
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include only one variable for a positive price revision, as no theoretical reasoning exists for 

including a negative price revision variable in the regression.  

The positive price revision variable receives the value 1 if the IPO was revised upwards and 0 

otherwise. The expected sign on the coefficient for the positive price revision dummy is positive, as 

an offer price that has been revised upwards is expected to increase the underpricing due to the 

partial adjustment theory (Hanley, Kumar, & Seguin, 1993). 

The dummy variable for upwards price revision has been given the name: Rev_Up 

4.2.4. Valuation of comparable companies 

A variable for the valuation of comparable companies is included in the regression in order to test 

hypothesis 4. As explained earlier, Edelen and Kadlec (2005) explain underpricing with the issuer’s 

trade-off between high proceeds and high probability of succeeding with the IPO. When 

comparable companies are valued highly, the issuing company is likely to also get a high valuation, 

giving the issuer high proceeds on the IPO. Thus, the company has a lot to lose if the IPO fails and 

therefore chooses to set a relatively low offer price in order to make sure that the IPO succeeds. The 

relatively low offer price again causes a large first day return, that is, large underpricing.  

Among the possible proxies for valuation of comparable companies, valuation multiples like the 

price-earnings ratio (P/E ratio) or the price-book ratio (P/B ratio) are obvious suggestions. Instead 

of gathering valuation multiples for all comparable companies, a less time consuming method is to 

gather multiples for the specific GICS code industry indices. From the Bloomberg Terminal Server 

(Bloomberg L.P., 2013) monthly P/E and P/B ratios for the different Oslo Stock Exchange industry 

indices can be extracted.  

I have chosen to use the P/B ratio for my comparable firm valuation variable. The reason is that the 

P/E ratio has some clear drawbacks related to negative values. For a few observations in some of 

the industry indices, the P/E has been negative because of negative total earnings in the industry 

that month. When the ratio has been negative, Bloomberg has removed the observation from the 

data. As negative values do not appear in the P/B ratio, I have a more complete data set when using 

this ratio. Hence, my proxy for the valuation of comparable companies will be the P/B ratio, 

showing each IPO’s industry P/B ratio in the month of the IPO.  

There is still another issue that must be attended before the P/B ratio can be used as a variable in the 

regression: What is perceived as a relatively high and a relatively low P/B ratio varies greatly from 
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industry to industry. For example, the Health Care sector’s industry index has an average P/B of 

6.9, while the Materials sector’s industry index has an average P/B of 1.4. Thus, an IPO in the 

health care sector in a month where the P/B was 5 would be perceived as an IPO in a high valuation 

month, even though it is actually low for the health care sector. Obviously, the variable will have to 

be standardized (Gujarati & Porter, 2009). The variable is standardized by subtracting the mean 

from the individual values and dividing the difference by the standard deviation as shown by the 

below formula: 

           
        ̅̅ ̅̅  

  
 

Stand. PB = Standardized P/B ratio 

     = Individual observation of the P/B ratio of industry “i” in month “m”. 

  ̅̅ ̅̅   = Average P/B ratio of industry “i” from 2003 to 2012. 

The standardization gives the variable the property that its mean value is always zero and its 

standard deviation is always 1. Thus, the observations will be comparable to each other without any 

scaling issues and the variable can therefore be used in the regression as a proxy for valuation of 

comparable companies. The expected sign on the variable coefficient is positive, as a higher 

valuation of comparable companies implies higher underpricing, and vice versa, according to the 

theory of Edelen and Kadlec (2005).  

The standardized industry index P/B ratio which proxies for valuation of comparable companies has 

been given the name: P_B 

4.2.5. Investor sentiment index 

Investor sentiment is included in the regression in order to test hypothesis 5. The hypothesis tests 

the investor sentiment explanation for underpricing based on Ljungqvist, Nanda and Singh’s (2004) 

theory. As explained earlier, the basic idea is that issuers sell the IPO stocks to institutional 

investors who restrict supply and gradually sell on to retail investors in periods when the sentiment 

among the retail investors is high. Institutional investors are rewarded for their supply restriction 

efforts through underpricing. As this process is done as a means to exploit periods of high investor 

sentiment, the underpricing should only be present when the investor sentiment is high.  
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Unfortunately, investor sentiment is not directly observable and a proxy is therefore needed. I have 

used the academically supported “Investor Sentiment Index” developed by Baker and Wurgler 

(2006). The index in created from six underlying sentiment proxies; the closed-end fund discount, 

NYSE share turnover, the number of U.S. IPOs in the period, the average first-day returns on these 

IPOs, the equity share in new issues, and the dividend premium
14

. Obviously, the index is quite 

U.S. focused, leading to the necessary assumption that the sentiment of Norwegian retail investors 

mimics the U.S. sentiment levels. The index has monthly values where I have extracted the index 

value for the associated month of each IPO as my proxy variable. 

As Baker and Wurgler’s (2006) Investor Sentiment Index is not completely updated, the last 4 

observations in my dataset are too new to be linked to a corresponding monthly index value. 

Therefore, these 4 observations have been created based on a related index known as the State 

Street Confidence Index (State Street Global Markets, 2013). Back-testing my conversion method 

between the two indices in months where both indices are given works as a quality control of my 

conversion method. In addition, as it is only 4 out of 117 observations that have been approximated 

from the other index, potential error in the approximation will be of little effect to my results. 

Details regarding the Sentiment index and the State Street conversion can be found in appendix 2. 

The proxy variable for investor sentiment, given by Baker and Wurgler’s (2006) Investor Sentiment 

Index for the month of the IPO, has been given the name: Sentiment 

4.2.6. IPO market activity 

IPO activity is included in the regression in order to test hypothesis 6, which is the last hypothesis. 

This is based on the “hot” and “cold” markets theory of Ibbotson and Jaffe (1975). Also this 

variable can be linked to the investor sentiment explanation for underpricing, stating that issuers 

take advantage of periods when investors are overly optimistic, so called “hot markets”. If hot 

markets where underpricing is higher than usual exists, there should be more IPOs during this 

period. The theory therefore predicts that if the number of recent IPOs is high, the market is in a 

“hot” state where the underpricing should be higher.  

The best way to measure IPO activity would be by measuring the number of IPOs on the Oslo 

Stock Exchange in a given period prior to each individual IPO. I find the last 6 months to be an 

appropriate period length. As the Norwegian IPO market is small with few IPOs a year, using a 
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 See Appendix 2 for weights, calculation and further explanation of the Sentiment Index. 
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shorter period than 6 months would give very many observations with low activity. Using a longer 

period, on the other hand, would count IPOs too far back in time as part of the current market state. 

However, it should be noted that 6 months is picked on a fairly arbitrary best-guess level. An 

alternative is creating a dummy variable for “hot” or “cold” market, but the limits for the number of 

recent IPOs needed to define a “hot” market would still have to be decided arbitrarily. Hence, I do 

not find it more appropriate to use a dummy.  

The sign on the coefficient in the regression is expected to be positive, as a high number of recent 

IPOs would indicate a “hot” market which should be exploited by issuers giving higher 

underpricing. 

The selected proxy for IPO activity, given by the number of IPOs in the 6 months prior to an IPO, 

has been given the name: Activity 

4.2.7. Control variables 

The remaining regression variables are so called control variables, which will not be described as 

detailed as the research variables above as they are not linked to any of my hypotheses. The purpose 

of control variables is to capture effects that I believe should be present, but which I do not research 

specifically. That is, the control variables are variables which might explain some of the observed 

underpricing and are included so that this possible effect will not interfere with my research 

variables. Comparing the regression results when the control variables are included to when they 

are not, works as a robustness check for my results.  

Several authors have documented possible effects of the general stock market performance 

(Christiansen, 2011; Cliff & Denis, 2004), and its volatility (Cliff & Denis, 2004; Derrien & 

Womack, 2003; Kucukkocaoglu, 2008), on the level of IPO underpricing. I have therefore chosen to 

include the return and the standard deviation of the Oslo All Share Index (OSEAX) from the last 22 

trading days (1 month) prior to the IPO day
15

. The control variable for the OSEAX’s last month 

performance has been given the name: OSEAX_Ret. The control variable for the OSEAX’s last 

month volatility has been given the name: OSEAX_Vol. 

I will also include control dummy variables for the years in which the IPOs took place. This is done 

in order to correct for a potential time trend in the data. Including yearly dummies is in line with the 

methodology of Cliff and Denis (2004). To avoid perfect multicollinearity I have not included a 
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dummy for the last year in my sample, 2012. Also, year 2009 is not included as no IPOs took place 

this year. The control variables for IPO year have been given the names: IPO2003 to IPO2011. 

4.2.8. Variable overview 

The table below summarizes the all the regression variables, and some of their main attributes.  

 

Table no. 2: Overview of regression variables16. 

4.3. Regression models and results 

From the variables just explained in the previous section, I have created 3 regression equations to be 

estimated. The base line regression (1) is described by the following equation: 

(1)                                                          

              

The other two additional regressions, (2) and (3), include some and all of the control variables 

respectively. They are given by the following two equations: 
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 When reading the table is should be noted that some of the variables are logarithms, dummies or standardized 
variables which can affect the interpretation min, max, mean and standard deviation values. 
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(2)                                                          

                                        

(3)                                                          

                                                                        

                                                              

The 3 OLS regressions yield the following results: 

 

Table no. 3: The table shows the OLS coefficients of the 3 regression equations and their t-statistics in parentheses. The corrected 

standard errors column replaces regular standard errors with White’s Heteroscedasticity-Consistent Standard Errors. Significance 

levels are indicated in the following way: *** is significant on a 1% level and ** is significant on a 5% level, * is significant on a 

10% level.  
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The table above summarizes the results of the OLS regressions of the 3 regression equations. Each 

variable’s coefficient is presented with its t-statistic below in parenthesis. The stars (*) indicate the 

level of significance of the coefficients. The t-statistics are calculated using regular standard errors 

in the middle column and using White’s Heteroscedasticity-Consistent Standard Errors in the right 

column. The full regression output for each of the 3 regressions can be found in appendices 3 to 5.  

4.3.1. Regression (1) 

Regression (1) includes only the research variables and none of the control variables. The R-

squared of 7.05% implies that the research variables only explain 7.05% of the variation in adjusted 

underpricing. This implies that there is a large amount of unexplained variance in the model. Even 

though this seems like a very low figure, it is in line with the equally low goodness of fit from 

similar studies. When looking at the regression coefficients it is noticeable that the intercept is not 

statistically significant, meaning that I cannot say that it is significantly different from zero. Hence, 

in the case where all the explanatory variables are zero, the underpricing would also be zero. This 

implies that zero underpricing should be expected without my research variables present, thus 

giving my research variables credit for explaining at least some of the underpricing.  

Theory predicts that all of the explanatory variables should have a positive sign on their 

coefficients, except for market cap (LN_Mcap) which has a negative expected sign. The regression 

output shows that the signs are as expected for all the explanatory variables except for the P/B ratio 

(P_B) and the Sentiment Index (Sentiment). These are, however, not statistically different from 

zero. In fact, only one of the five research variables is statistically significant. That is, the upwards 

revision dummy (Rev_Up). The variable enters the regression with a positive coefficient of 0.0439. 

The coefficient on the Rev_Up variable can be interpreted as the change in underpricing when the 

offer price has been revised upwards compared to when it has not been revised upwards. That is, an 

IPO where the offer price has been revised upwards has a 0.0469 = 4.69% points higher 

underpricing on average. 

The F-statistic of 1.69 is not statistically significant. This means that the regression coefficients, 

when tested simultaneously, are not statistically different from zero. Consequently, the regression 

model has little validity in fitting the data as the explanatory variables together have little influence 

on the dependent variable. A bigger sample, or a reduction in the number of explanatory variables, 

would probably have improved this result towards higher significance. 
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As heteroscedasticity is often an issue (as will be shown in section 4.4.1.) the inferences I make 

from the regression model might be invalid. The reason is that heteroscedasticity causes the 

estimators to no longer be efficient (“best”), and the OLS estimators are therefore not BLUE 

(Gujarati & Porter, 2009). In order to correct for this, I have included White’s Heteroscedasticity-

Consistent Standard Errors in my regression analysis
17

. As can be seen in the right column of table 

3, the t-values are slightly changed when applying these “robust” standard errors instead. However, 

applying White’s Heteroscedasticity-Consistent Standard Errors does not alter the t-values enough 

to change the significance level of the coefficients. Hence, the inferences made from regression (1) 

remains the same having corrected for the Heteroscedasticity issue, leaving Rev_Up as the only 

variable of significance. 

4.3.2. Regression (2) 

Regression (2) introduces two control variables, the last month’s return (OSEAX_Ret) and volatility 

(OSEAX_Vol) of the Oslo Stock Exchange All Share Index. The inclusion of these variables 

increases the R-squared from the 7.05% in (1) to 9.86%. This is, however, not surprising as 

including additional variables always increases the goodness of fit. What is perhaps more worth 

noticing is that the adjusted R-squared, which introduces a penalty for the higher number of 

explanatory variables, increases slightly from 2.87% to 4.07%. This implies that the fit of the 

regression is somewhat improved by the introduction of the two control variables.  

The F-value is slightly increased in regression (2) to 1.70, but is still not significant. Consequently, 

all the variables tested simultaneously are not statistically different from zero when using the 

common 5% or 10% significance levels. In addition, the two control variables OSEAX_Ret and 

OSEAX_Vol are not statistically significant. They enter the regression with p-values of 23,8% and 

54,1% respectively, after being corrected for heteroscedasticity.  

The inclusion of the two control variables has made only small changes to the regression parameters 

and their significance. The Rev_Up variable now has a p-value of 5.62% making it significant at the 

10% level. The coefficient on the variable has decreased slightly from 0.0439 to 0.0393, thereby 

reducing the effect of an upwards revision in the offer price on underpricing. A possible explanation 

is that the Rev_Up variable captured some of the effects on underpricing that were actually due to 

the newly introduced control variables instead. Thus, by adding these variables, the effect is held 

constant, causing the parameter of the Rev_Up variable to change slightly. The other variables are 
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practically unaffected by the introduction of the two control variables. The signs are unaffected, the 

coefficients change only marginally, and they are still not significant. Considering White’s 

Heteroscedasticity-Consistent Standard Errors does not alter the t-values by much, causing the 

inferred relationships and significance levels to remain unchanged.  

4.3.3. Regression (3) 

Regression (3) keeps the two control variables for market return and volatility, but also introduces 8 

new control variables. These are 8 dummy variables for the years of the IPOs, leaving out 2012 in 

order to avoid perfect multicollinearity. 2009 is also left out as there were no IPOs this year. The 

purpose of these yearly dummy variables is to correct for a potential time trend. The inclusion of all 

the control variables in the regression increases the R-squared from 7.05% and 9.86% in (1) and (2) 

to 20.46%. The adjusted R-squared also increases, implying that the inclusion of the yearly 

dummies improves the fit of the regression. 

The F-statistic for regression (3) is 1.73, with a p-value of 5.62%. That is, the explanatory variables 

when tested together are now significant at the 10% level. Consequently, regression (3) has more 

validity in fitting the data. 

Including all the control variables should help isolate the effect of the research variables. However, 

the variable coefficients are only barely affected by the inclusion of the yearly dummies. The t-

values for the Sentiment and the P_B variable are considerably higher, but they are still not close to 

being significant. Also, the sign on the coefficient of the Sentiment variable is still opposite of what 

theory predicts. The sign on the coefficient for the Activity variable has flipped against the expected 

sign, but this is of little importance as this coefficient is not even close to being considered different 

from zero. The only significant coefficient is still on the upwards revision variable. It has a p-value 

of 5.78%. Looking at White’s Heteroscedasticity-Consistant Standard Errors slightly changes the 

findings in regression (3), making the upwards revision variable statistically significant at the 5% 

level. 

Many of the yearly dummies are statistically significant at a quite high level which implies that a 

time trend might be present. As regression (3) corrects for this time trend by including the dummies, 

comparing regression (3) to regression (1) and (2) therefore works as a robustness check of my 

results. The initial results from regression (1) prove to be quite robust as correcting for the time 

trend have not had any noteworthy impact on my findings. 
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4.3.4. Summary of regression analysis 

Performing OLS regression on the 3 regression equations revealed some interesting results. Firstly, 

the F-statistics have shown that I cannot conclude that the explanatory variables, when tested 

together, are significantly different from zero. Only when I include all the control variables in 

regression (3) the F-value becomes significant with a p-value of 5.62%. 

When looking at the individual variables, only the dummy variable for upwards revision of the offer 

price seems to be statistically significant. Having corrected for heteroscedasticity by using White’s 

Heteroscedasticity-Consistent Standard Errors to calculate the t-values, the variable coefficient is 

significant at the 5% level in both regression (1) and (3), and at the 10% level in regression (2). The 

sign of the coefficient is also positive, as expected, and found to be varying between 0.0390 in (3) 

and 0.0439 in (1). The coefficient can be interpreted as the increase in underpricing if the offer price 

has been revised upwards, compared to if it has not been revised upwards. The remaining 4 research 

variables are far from being statistically significant. 

The R-squared of my regressions are low, which implies that the regression equations do not fit the 

data very well. However, similar studies are plagued by the same findings. In addition, I consider 

the theoretical relevance of the variables more important than the regression fit as my model will 

not be used for predictions. Therefore I have deemed the goodness of fit of less importance. The 

next section considers the different econometric issues of my regression analysis, and the possible 

effect these might have on my results. The theoretical implications of my results will be presented 

in part 5. 

4.4. Econometric issues 

Most regression analyses contain potential econometric issues and possible violations of the OLS 

assumptions. The most prominent and likely issues have been tested for and remedial measures 

have been adopted when necessary and possible. The testing and comments on the potential 

econometric issues are discussed and explained in this section.  

4.4.1. Heteroscedasticity 

It is expected that my regressions have residuals that are subject to non-constant variance, that is, 

the error terms are expected to be heteroscedastic. This is a common issue in most regression 

analysis and it can heavily affect the inferences from the model. Heteroscedasticity causes the OLS 

estimators to no longer be the “best” (lowest variance) estimators, which again causes the t and F 

tests to give inaccurate result (Gujarati & Porter, 2009). 
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A classic reason for suspecting heteroscedasticity is when different size firms are sampled together 

in cross-sectional analysis. This is the case for my data. To examine the issue further I have plotted 

the squared residuals against each explanatory variable. These graphs are included in appendix 6 

and show some signs of potential heteroscedasticity issues. If the residuals are homoscedastic they 

should be evenly disbursed throughout the charts with no systematic patterns. This does not seem to 

be the case for the many of the variables in regression (1), suggesting that I have a 

heteroscedasticity issue. Also the quantile-plot of residuals, which is included in the regression 

output from SAS in appendices 3 to 5, shows signs of heteroscedasticity. The residuals should be on 

the straight linear line, which they do not seem to be.  

In order to get a perfectly clear picture of the situation, I have applied a formal heteroscedasticity 

test called the Breusch-Pagan-Godfrey Test (Breusch & Pagan, 1979; Godfrey, 1978) as well. The 

test constructs a variable pi from the maximum likelihood estimator of the error variance and the 

squared residuals, and regresses pi on the explanatory variables in the model. From this regression 

output, a variable Θ (theta) is defined as the explained sum of squares divided by two. Θ is Chi-

square distributed with degrees of freedom equal to the number of explanatory variables in the 

regression. If Θ exceeds the critical Chi-square value, the hypothesis of homoscedasticity is 

rejected, meaning that a heteroscedasticity issue is present. The Breusch-Pagan-Godfrey test gives 

the following result for regression (1): 

 

Table no. 4: Test statistic, degrees of freedom and critical values from the Breusch-Pagan-Godfrey Test performed on regression (1). 

The test clearly rejects the hypothesis of homoscedasticity, as the test statistic Θ by far exceeds the 

critical Chi square value at the 1% significance level. Hence, I can conclude that regression 1 has a 

heteroscedasticity issue, violating assumption 4 of OLS regression. In order to see whether 

including the control variables have corrected for the heteroscedasticity, I have performed the BPG 

test on regression (3) as well. 
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Table No. 5: Test statistic, degrees of freedom and critical values from the Breusch-Pagan-Godfrey Test performed on regression (3). 

The test statistic Θ still exceeds the critical value at the 1% significance level, leaving the 

heteroscedasticity issue unchanged by the inclusion of all the control variables. 

As the t-values are biased by heteroscedasticity in the error terms, the inferences made to my 

regression variables might be invalid. A way of correcting this is to use White’s Heteroscedasticity-

Consistent Standard Errors, instead of the regular standard errors, to calculate the unbiased t-values. 

White’s Heteroscedasticity-Consistent Standard Errors can be either higher or lower than the 

uncorrected standard errors, leading to either smaller or bigger t-values, respectively. Using the 

corrected standard errors can therefore lead to different statistical findings than those made before 

heteroscedasticity was corrected for. All the statistical inferences in my analysis are based on the 

corrected standard errors, leading to results which are corrected for heteroscedasticity.  

4.4.2. Multicollinearity 

Originally, multicollinearity is present in a regression when there is a perfect linear relationship 

between some or all explanatory variables. That is, two or more explanatory variables are perfectly 

correlated (Gujarati & Porter, 2009). Perfect multicollinearity makes the regression coefficients 

indeterminate with infinite standard errors. However, less than perfect multicollinearity, where the 

correlation coefficient between two variables is close to 1 or -1 also complicates the regression. The 

coefficients can now be determined, although at low precision as the standard errors become very 

large in relation to the coefficients themselves. This leads to wide confidence intervals which again 

often lead to acceptance of the null hypothesis (Gujarati & Porter, 2009). 

As my OLS regression output appears to be calculated without problems, and because the variables 

I have included have no reason to be perfectly correlated, I can rule out the issue of perfect 

multicollinearity. There are also few signs of imperfect multicollinearity in my regression. A high 

R-square, but few significant t-ratios, is one of the signs of multicollinearity that does not seem to 

be present in my regression as my R-square is quite low. Another way to detect possible 

multicollinearity issues is to look at the zero-order correlation coefficients between the different 
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explanatory variables. The correlation matrix for the variables in regression (1) is presented in 

appendix 8. When considering both positive and negative correlations, the most correlated 

coefficient in the matrix is -0.36 between the variables Sentiment and activity. This is not at all a 

large correlation coefficient; hence, the correlation matrix gives no signs of multicollinearity 

issues
18

. However, the zero-order correlation coefficients might be misleading as it is possible to 

have low zero-order correlations and yet find high multicollinearity in models with more than 2 

explanatory variables (Gujarati & Porter, 2009). Therefore, I have applied a third method of 

detecting potential multicollinearity issues. 

The “condition index” (CI) uses the eigenvalues for each of the explanatory variables in the 

regression, including the intercept, in order to detect multicollinearity. It is defined as the square 

root of the maximum eigenvalue divided by the minimum eigenvalue, as per the following formula: 

   √
                  

                  
 

As a rule of thumb, a condition index value above 30 implies severe multicollinearity, while a value 

between 10 and 30 implies some multicollinearity problems. Values below 10 are acceptable 

(Gujarati & Porter, 2009). The eigenvalues and condition indices of regressions (1) to (3) are 

presented in appendix 8. The condition index is 1.83, 2.33 and 13.15 for regression (1), (2) and (3) 

respectively. That is, multicollinearity is not an issue for regression (1) and (2), and barely an issue 

in (3). Consequently, there are no signals of severe multicollinearity, and I will therefore pay this 

issue no further attention. 

4.4.3. Non Normal errors 

One of the OLS assumptions says that the error terms from the regression should be normally 

distributed. From the residual distribution plots in appendix 7, the residuals do not appear to be 

normally distributed. The distributions seem skewed and they have too high kurtosis. A Jarque Bera 

test of normality confirms my suspicion: 

                                                           
18

 Gujarati and Porter (2009) define a high zero-order correlation coefficient as higher than 0.8 or lower than -0.8. 
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Table no. 6: Input and output from the Jarque Bera normality test performed on the residuals of regression (1) 

The high JB test statistic of 51.94 exceeds the Chi Square critical value of 5.99. Thus, the null 

hypothesis of normality is rejected.  

Even though my residuals are not normally distributed, normality in the error terms is only required 

in small samples. According to Gujarati and Porter (2009), the normality assumption becomes of 

importance when the sample contains less than 100 observations. However, Wooldridge (2009) says 

that some econometricians use as low as 30 as a satisfactory number of observations, depending on 

their distribution. As my sample contains 117 observations, I find it to be large enough to not be 

concerned with the non-normal error terms. Thus, I will not pay further attention to this assumption.  

4.4.4. Endogeneity and specification errors 

Endogeneity is the problem that arises when explanatory variables in the model are correlated to the 

error term. This causes the OLS regression coefficients to become biased and inconsistent, thus no 

longer BLUE. There are many possible sources of endogeneity issues. Some of these are model 

specification errors like under-fitting or measurement errors. 

Under fitting a model refers to the issue of omitting a relevant variable (Gujarati & Porter, 2009). If 

the omitted variable is correlated to one or more of the explanatory variables, the model will have 

endogeneity problems. The reason is that the error term absorbs the effect of the omitted variable, 

causing the error term to now be correlated to an explanatory variable. As mentioned before, the 

endogeneity causes the regression coefficients to be biased and inconsistent. Even if the omitted 

variable is uncorrelated to the other explanatory variables, the intercept term will still be biased 

(Gujarati & Porter, 2009).  

I find it quite likely that my regression models are under fitted and might therefore also be subject 

to endogeneity issues, due to the nature of my research problem. The theory is quite inconsistent 

with which variables should be included, and the variables causing underpricing are discussed 

heavily. As I cannot include all of the many IPO underpricing theories, as explained earlier, I run 

the risk of not including a variable that actually explains a lot of the underpricing. The fact that the 
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variables I have included in my models explain little of the underpricing points towards other 

untested explanations of underpricing, and therefore potentially omitted variables. In addition, I 

might also have an over fitted model, as I have included variables linked to theories that are not 

necessarily correct. A consequence of over fitting a model is unnecessary high variances on the 

coefficients causing the inferences about the parameters to be less precise (Gujarati & Porter, 2009). 

Measurement errors in the explanatory variable might also cause endogeneity. If one of my 

variables contains a measurement error, the error term will be affected. If both my explanatory 

variable and my error term are affected by the same measurement error, they are now correlated, 

thus violating assumption 2 of OLS regression.  

Measurement errors in the dependent variable do not cause biased estimates of parameters. 

However, the estimated variances will be larger than in the case there are no such errors (Gujarati & 

Porter, 2009). A possible source of measurement error in my dependent variable is the assumption 

of no market adjustment in the few cases when the timeframe between the offer period and the IPO 

is unknown. I will however not change this assumption, as I believe it will have, at most, a marginal 

effect on the variable. This is in line with the comments of Adrian Hunger (2012), and with the 

methodology of Barrera and Langmoen (2009). I will also not take any remedial measures 

regarding potential under- or over-fitting of my models. The variables I have included in my models 

are supported by some theory, and I have avoided data mining when constructing my models. In 

addition, as I attempt to uncover whether the selected underpricing theories hold or not, including 

unnecessary variables, or excluding relevant ones, are parts of the research that cannot be avoided.  

However, it should be noted that specification errors and endogeneity are potential sources of errors 

to my results.  
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Part 5: Interpreting results 

In this part I will present what my results imply for the different underpricing theories I have tested. 

One by one, the 6 hypotheses will be accepted or rejected based on the analysis in the previous 

part. This is followed by a summary of my findings. 

5.1. General test of underpricing 

My results point towards rejecting hypothesis 1. That is, rejecting that Norwegian IPOs have been 

fairly priced from 2003 to 2012. I find clear signs of IPO underpricing in Norway, which is as 

expected. The average underpricing is 3.174% after adjusting for same period market movements. 

The result is statistically significant at the 1% significance level. The 75
th

 percentile shows that 75% 

of the observations have an adjusted underpricing lower than 6.24%. This again, implies that 25% 

of the observations are underpriced by 6.24% or more, proving that a quite high level of 

underpricing is not at all uncommon in the Norwegian IPO market. Earlier studies show slightly 

higher underpricing related to earlier timeframes, which implies that underpricing might have 

decreased during the years. As I have now confirmed that, on average, Norwegian IPOs have been 

underpriced in my research period, I can test for the different causes of underpricing. 

5.2. The effect of valuation uncertainty on IPO underpricing 

In order to test hypothesis 2, the variable LN_Mcap was included in the regression as a proxy for 

valuation uncertainty. The expectation was that the higher the market cap of the company, the lower 

the valuation uncertainty, as a large company has a lot of available information, analyst coverage 

and so on. Beatty and Ritter (1986) suggested that the higher the valuation uncertainty, the higher 

the underpricing of the IPO. The expected sign of the regression coefficient was therefore negative, 

as valuation uncertainty should decrease in company market cap.  

Although the coefficient on the regression variable LN_Mcap appeared negative in the regression 

output as expected, the coefficient was not statistically significant. This finding was unchanged in 

my robustness checks which were done by estimating regression (2) and (3) which included various 

control variables. The insignificant coefficient was also unchanged when correcting for 

heteroscedasticity issues. Consequently, I cannot say that the regression coefficient is different from 

zero, and therefore I cannot reject hypothesis 2. That is, I cannot reject that IPO underpricing is 

unaffected by valuation uncertainty. 

My results do not find support for Rock’s (1986) Winner’s Curse theory that was tested through the 

Beatty and Ritter’s (1986) option pricing view. The Winner’s Curse suggests that underpricing 
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should increase in information asymmetry, and Beatty and Ritter (1986) claim that information 

asymmetry should increase in valuation uncertainty. However, my data does not support this 

connection, making me unable to support these theories.  

5.3. The effect of offer price revisions on IPO underpricing 

In order to test hypothesis 3, a dummy variable for upwards price revisions, Rev_Up, was included 

in my regression analysis. The upwards revision variable works as a proxy for the revelation of 

positive information during the book-building process. The expectation was that an IPO where the 

offer price had been revised upwards would show higher underpricing. The dummy variable takes 

the value 1 if the price was revised upwards and 0 otherwise. Thus, I would expect a positive 

coefficient on the Rev_Up variable. 

The regression output revealed a positive and significant coefficient, as expected. The positive 

coefficient was significant at the 5% level. Both the sign and significance level appears to be quite 

robust, although the robustness checks confirmed a slightly lower significance of the variable when 

control variables were added in regression (2) and (3). This could imply that the Rev_Up variable 

caught some of the effects of one or more of the control variables, when these were not included. 

Correcting the standard errors for heteroscedasticity issues re-confirmed the 5% significance of the 

variable in regression (3). Altogether, the finding seems quite robust and significant. Hence, I can 

reject hypothesis 3. That is, as I found a positive and significant relationship between upwards price 

revisions and IPO underpricing, I can reject that underpricing is unaffected by upward price 

revisions in the offer price. 

My finding gives support to Hanley’s (1993) Partial Adjustment Theory. The Partial Adjustment 

Theory explains underpricing as a reward given to IPO investors for revealing their information 

truthfully. The theory belongs to the information revelation theories, within the asymmetric 

information category. During the book-building process, IPO investors reveal how much they are 

willing to pay for the IPO stocks, without actually committing to a purchase. This helps the issuing 

company to get as high a price as possible on their IPO shares. However, this is only useful if the 

investors are revealing their true valuations. By underpricing the shares, and at the same time 

allocating many shares to investors revealing high prices and few shares to investors revealing low 

prices, the issuer can induce the investors to reveal their true valuations. The reason is that if an 

investor chooses to reveal a too low valuation, he will get few of the underpriced shares, and will 

therefore lose out on the reward.  
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Offer prices are revised upwards only if, during the book-building process, the underwriters receive 

information stating that the IPO stock should be worth more. That is, offer prices are revised 

upwards if positive information has been revealed. In order for the investors to keep revealing this 

information truly, the underwriters, who are repeat players in the IPO business, must underprice the 

IPO. As my data shows that IPOs which have been revised upwards are more underpriced, this 

information revelation theory is well supported!  

5.4. The effect of valuations of comparable companies on IPO underpricing 

The variable P_B, the price book ratio of the company’s industry index in the month of the IPO, 

was included in the regression in order to test hypothesis 4. Hypothesis 4 says that IPO underpricing 

is unaffected by the valuation of comparable companies, where P_B functions as a proxy for these 

valuations. Should the hypothesis be rejected, the expectation was that the higher the price book 

ratio, the higher the underpricing. This is in accordance with Edelen and Kadlec’s (2005) 

explanation for underpricing, belonging to the information revelation category. The theory says that 

issuers will underprice IPOs when the value of comparable companies is high, because they do not 

want to risk the IPO failing during a period when they can get a very high price for their shares.  

The variable coefficient appears negative in the regression, which is the opposite of what was 

expected. It is, however, not significantly different from zero with a t-value of only -0.05. When 

adding additional control variables as a robustness check in regression (2) and (3), the sign is still 

negative and far from being significant. Also, when correcting for heteroscedasticity, the 

coefficients are statistically insignificant. The finding appears to be robust. Consequently, I cannot 

reject hypothesis 4, stating that underpricing is unaffected by the valuation of comparable 

companies. That is, my data do not support the theory of Edelen and Kadlec (2005). 

5.5. The effect of investor sentiment on IPO underpricing 

Hypothesis 5 says that IPO underpricing is unaffected by investor sentiment. In order to test this 

hypothesis, the proxy variable sentiment was included in the regression. The variable refers to the 

Investor Sentiment Index (Baker & Wurgler, 2006), which combines 6 different proxies of investor 

sentiment into an index. Should hypothesis 5 be rejected, the expected relationship between the 

sentiment index and underpricing is positive according to the theory of Ljungqvist, Nanda and 

Singh (2004). 

The variable enters the regression with a negative sign, which is opposite of what was expected. 

That is, the higher the investor sentiment in that period, the lower the IPO underpricing. The 
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coefficient is, however, far from being statistically significant. Thus, I cannot say that the 

coefficient is statistically different from zero. Adding the control variables in regression (2) and (3) 

does not change the sign of the coefficient, but slightly increases the t-value. The increased t-value 

is still not big enough to be significant. Correcting the standard errors for heteroscedasticity slightly 

increases the t-values again, yielding a p-value of 15.26 for regression (3). Altogether, the result 

appears to be quite robust. Hence, my regression analysis does not allow me to reject hypothesis 5. 

Ljungqvist, Nanda and Singh’s (2004) theory does not seem to be supported by my data. In Norway 

from 2003 to 2012, periods of high investor sentiment did not show higher levels of underpricing. 

Therefore, I cannot support the theory saying that underwriters collaborate with institutional 

investors in periods of high sentiment, and reward the institutional investors with underpriced 

stocks, as proposed by Ljungqvist, Nanda and Singh (2004). However, as will be mentioned later in 

the limitations part, Norwegian investor sentiment is not necessarily explained perfectly by the U.S. 

sentiment index. Applying a suitable Norwegian measure of investor sentiment could possibly lead 

to different results.   

5.6. The effect of IPO activity on underpricing 

In order to test the last hypothesis, the variable activity was included in the regression. This variable 

gives the number of Norwegian IPOs in the last 6 month before the IPO in question, and works as a 

proxy for so called “hot” and “cold” markets. Hypothesis 6 says that underpricing is unaffected by 

the period’s IPO activity. If this can be rejected, it is expected that the relationship between activity 

and underpricing is positive. This is in accordance with the “hot” and “cold” markets theory of 

Ibbotson and Jaffe (1975). The theory belongs to the sentiment theories in the behavioral category. 

The coefficient on the activity variable is positive in regression (1) as expected. However, it is not 

significant at the 10% significance level. Hence, I cannot say that it is statistically different from 

zero. When adding control variables as a robustness check, the significance drops from a t-value of 

1.18 to almost zero. The biggest drop in significance comes when adding the yearly dummies in 

regression (3). This is a sign that the activity variable actually used to capture some of the effects 

that were due to a time trend instead. When correcting for this trend by adding the yearly control 

variables, the coefficient of the activity variable receives a t-value of -0.02. The t-values are only 

marginally affected by the heteroscedasticity correction, thus the results is not altered. Clearly, I 

cannot reject hypothesis 6, as the variable was not significantly different from zero, and the little 

significance that was observed was mostly due to other variables. 
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My data does not seem to support the “hot” and “cold” markets theory of Ibbotson and Jaffe (1975) 

as IPO underpricing does not appear significantly higher in periods of high IPO activity. Thus, 

issuers do not seem to take advantage of “hot” markets and again the investor sentiment explanation 

for Norwegian IPO underpricing cannot be supported.  

5.7. Summary of my findings 

I find that Norwegian IPOs are significantly underpriced, with an average market adjusted 

underpricing of approximately 3.2%. The median market adjusted underpricing is just in excess of 

0.9%. My first finding thereby confirms the existence of underpricing in the Norwegian IPO 

market. Similar results have been found in Norway in other studies. 

Explaining the observed underpricing using a selection of underpricing theories have proved to be 

difficult as few of the theories I have tested were supported by my data sample. Variables like 

valuation uncertainty, comparable firm valuation, investor sentiment and recent IPO activity 

appears to explain little of the Norwegian IPO underpricing. Consequently, I cannot support that the 

theories by Rock (1986), Edelen and Kadlec’s (2005), Ljungqvist, Nanda and Singh’s (2004), and 

Ibbotson and Jaffe (1975) holds for the Norwegian IPO market. 

There is, however, one theory that seems to explain at least parts of the observed Norwegian 

underpricing. That is, Hanley’s (1993) Partial Adjustment Theory which belongs to the 

“information revelation” group under the Asymmetric Information category of underpricing 

theories. The theory says that underpricing is used to reward investors for truthfully revealing their 

information during the book-building process. In order to incentivize investors to make honest bids 

on IPO stocks, the investors who made the highest bids during the book-building process are 

allocated with the highest number of the IPO shares. For this to be considered a reward, the IPO 

shares must be underpriced in general. This system creates a win-win situation as the issuer receives 

better information about how highly investors value the stock, allowing them to raise as much 

money as possible from the IPO. The investors, on the other hand, receive on average underpriced 

stocks, giving them a quick return as a reward for their honesty. The underwriters, who are the 

repeat players in the IPO business, ensure that this game continues as they put their reputation and 

future business opportunities on the line. The quite robust finding of a positive and significant 

coefficient on the Rev_Up variable supports that IPOs where positive information has been revealed 

are more underpriced. The offer price would not have been revised upwards if the investors had not 
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revealed some kind of positive information towards the valuation. My finding therefore supports 

information revelation as an explanation for underpricing, through Hanley’s (1993) theory. 

Even though revisions in the offer price do affect the level of underpricing, positive information 

being revealed from the investors is probably not the only driver of underpricing. This can be seen 

by the fairly low R squared in my regressions. The low R squared implies that important variables 

which explain underpricing are likely to have been excluded from the model. The F-statistics in my 

regressions also confirm that the variables in my model do not explain the underpricing when tested 

together. This implies a large possibility that relevant variables have been omitted. These variables 

might be linked to some of the theories that I did not test due to data availability. Another 

possibility is that undiscovered theories can explain more of the observed underpricing than those 

existing today. 

In summary, the selected theories do not seem to do a very good job in explaining the observed 

Norwegian underpricing the last 10 years, although evidence suggests that Hanley’s Partial 

Adjustment Theory explains at least parts of it. 
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Part 6: Conclusion and limitations 

This is the final part of the thesis. Here I present my conclusion which responds to my problem 

statement based on the results of my analysis. The conclusion is followed by an overview of the 

limitations to my research. Lastly, I give suggestions for further research on the topic of IPO 

underpricing. 

6.1. Conclusion 

The puzzling phenomenon of IPO underpricing has been observed for decades in most stock 

markets around the globe. This includes the Norwegian stock market where my findings confirm a 

market adjusted average underpricing of 3.17% in my research period. Although underpricing 

clearly exists, the cause of underpricing has been widely disagreed upon, leading to a vast literature 

of underpricing theories. I have researched whether a selection of these theories can explain the 

observed IPO underpricing in Norway the last 10 years. This was done using the following problem 

statement: 

“Can selected existing theories explain IPO underpricing in Norway from 2003 to 2012?” 

My findings prove that the selected theories are not doing a very good job in explaining the 

observed underpricing in Norway. I do not find support for the famous “Winner’s Curse” theory by 

Rock (1986) nor the investor sentiment theories by Ljungqvist, Nanda and Singh’s (2004) and 

Ibbotson and Jaffe (1975). Also Edelen and Kadlec’s (2005) rational explanation for underpricing is 

not supported. Only one of the chosen theories can explain some of the observed IPO underpricing. 

That is, Hanley’s (1993) Partial Adjustment Theory belonging to the information revelation 

theories. This theory implies that the revelation of positive information regarding the IPO valuation, 

which is observed through upwards price revisions, is a driver of underpricing. However, my 

analysis shows that this explains only a small part of the total observed underpricing.  

I have researched my problem statement through developing individual hypotheses for each of the 

selected underpricing theories. A variable or a proxy variable was selected for each of the individual 

hypotheses. A regression analysis of the selected variables allowed me to perform hypothesis 

testing and make inferences about the different underpricing theories. The results were corrected for 

econometric issues and additional regressions including control variables were estimated as 

robustness checks. 

This thesis contributes to the existing underpricing literature by using a uniquely extensive dataset 

and by using some unconventional variables and proxies. Also, many of the theories I research have 
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not been tested in previous studies of Norwegian underpricing. My findings challenge the results of 

many well-known authors by disproving some popular underpricing theories for the Norwegian IPO 

market. To my knowledge, I am also the first author to find evidence of Hanley’s (1993) Partial 

Adjustment Theory as an explanation for Norwegian IPO underpricing. This finding supports that 

the information revelation theories explain at least parts of the observed underpricing in Norway. 

However, none of the other theories could be supported by my data, and few significant 

relationships were found. Thus, it appears that the selected existing theories explain little of the 

observed IPO underpricing. Consequently, new theories, or further research on existing theories, are 

necessary in order to fully explain the underpricing in the Norwegian IPO market. 

6.2. Limitations 

My research gives little support to the selected underpricing theories, which in many studies of 

other markets have been shown to hold. There might be a variety of reasons for why I do not find 

support of theories which other authors find to hold in other countries. Firstly, there might be 

limitations to the proxy variables I use in my regressions. Maybe there are proxies that are better 

suited for the different theories I research. If e.g. the standardized price book ratio does not properly 

capture the effects of valuations of comparable companies, my results might have been affected. 

The Investor Sentiment index is one of the proxies that might not be optimal. The reason is that the 

index, although academically acclaimed, is quite U.S. focused and it might therefore not manage to 

explain the sentiment levels among Norwegian consumers perfectly. Constructing my own 

Norwegian sentiment index or applying consumer- or business-confidence figures from 

tradingeconomics.com
19

 could be two alternative proxies that might give me other results.  

Secondly, my unique data sample might limit my findings. A potential source of error is the 

elimination of observations where the IPO prospectus could not be found. If there is a general trend 

to the type of companies that lack prospectuses, like e.g. if only small companies lack prospectuses, 

my sample could be affected by survivorship bias. Another data-related limitation is the size of the 

Norwegian IPO market. As many of the research variables had the correct sign in my regression, a 

larger sample could possibly have been enough to make the results significant. Thus, the 

disagreements towards the support of the different theories might be due to the size of the stock 

market in question. It should be noted that many of the theories I test were initially tested on the 

                                                           
19

 www.tradingeconomics.com is a web page supplying economic indicators for most countries in the world. 

http://www.tradingeconomics.com/
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large U.S. IPO market where the number of observations were more than enough to get significant 

results. 

Other sources of potential limitations to my findings are econometric issues. My analysis uncovers 

endogeneity and specification errors as two likely problems with my research. Especially an 

“omitted variable bias” could have affected my results. If an omitted variable is correlated to one of 

my explanatory variables, the error term will absorb the effect of the omitted variable causing 

endogeneity in my regression. The theories I have researched were picked among the most popular 

and supported ones, but limited to those that were possible to research with my available data. This 

makes it likely that my regression models are under fitted, as some of the theories that were not 

selected could explain a great deal of the observed underpricing. However, researching all the 

theories would have been far outside the scope and timeframe of this thesis, and in addition, 

specialized or confidential data would have been necessary. 

The distribution of industries among my data sample might also be a potential issue for my 

findings. In section 2.1.1 it is shown that some industries, like the telecom, industrials and energy 

sectors are underrepresented in my sample compared to their contribution to the total market cap of 

the Oslo Stock Exchange. If some of these industries have companies that are especially likely, or 

especially less likely, to be underpriced, my underpricing findings might be affected. Unfortunately, 

little can be done with the fact that e.g. only one IPO took place in the telecom sector from 2003 to 

2012, even though it is a fairly large sector on the Oslo Stock Exchange. 

Lastly, it should be mentioned that the adjusted underpricing calculation is not a perfect measure of 

IPO underpricing. The assumption of a beta of 1 between the individual IPO stock and its industry 

index can have biased the calculation. If the true beta value is higher than 1, my underpricing 

estimates will be slightly overestimated during positive market movements, and slightly 

underestimated during negative market movements. Another potential concern is that some of the 

IPOs are linked to inappropriate indices. The GICS codes might be too crude a system to accurately 

assign an IPO to a related industry index. This is another reason why the correction for market 

movements might not be perfect. Altogether, there are many potential limitations to my findings, as 

is common in most types of research. The results should therefore be seen in light of these possible 

issues. 
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6.3. Future research suggestions 

During my work on this thesis I have found many interesting research suggestions within the topic 

of IPO underpricing in general, and underpricing in Norway. An immediate interest would be in the 

information revelation theories, which is the only theory I find to explain some of the Norwegian 

underpricing. This could be researched further with e.g. access to bidding data from an investment 

bank. With confidential bidding data available, it would be possible to see specifically what type of 

information has been revealed in the book building process. Knowing this, it would be possible with 

more extensive testing of to what degree information revelation from investors drive underpricing. 

Alternatively, further research could be done with respect to underpricing differences under 

different bidding methods. By comparing the Norwegian book-building focused IPOs to IPOs in 

another country’s where other methods are used, the information revelation theories could be 

explored further.  

Even though my data did not support the investor sentiment explanation for IPO underpricing, I 

believe this category should be researched further. An investor sentiment index could be created for 

Norway and could be used as a variable for testing whether investor sentiment drives Norwegian 

underpricing. A Norwegian sentiment index would no doubt be a better proxy for Norwegian 

sentiment than the U.S. related sentiment index of Baker and Wurgler (2006). Another way to 

further explore the investor sentiment explanation of underpricing in Norway is to apply e.g. 

business- or consumer-confidence figures from tradingeconomics.com or similar figures that might 

proxy for Norwegian investor sentiment.  

Repeating my analysis for a broader data sample would also be of interest. It could be possible 

through cooperation with an investment bank, to get access to the prospectuses which I did not find. 

This could increase the sample of IPOs making it possible to achieve other results than mine. In 

addition, the IPO sample will also increase with time, making it possible to repeat the research 

when further IPOs have taken place. However, the usefulness of increasing the research period will 

usually depend on the trade-off between the relevance of the sample and its size.  

Although focusing on existing underpricing theories is interesting, many signs point towards that 

the true cause of underpricing is still not uncovered. Therefore, there might still be room for new 

theories that can potentially explain a lot of the observed underpricing both in Norway and abroad. 

Attempts at coming up with new theories explaining IPO underpricing could be greatly appreciated 

by the academics within this topic. 
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Appendix 

Appendix 1 – List of IPOs in sample
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Appendix 2 – Investor sentiment index 

The investor sentiment index is calculated by combining 6 proxies of investor sentiment; the closed-

end fund discount, NYSE share turnover, the number of US IPOs in the period, the average first-

day returns on these IPOs, the equity share in new issues, and the dividend premium. The 

coefficients used to combine the 6 proxies are as per the following formula (Baker & Wurgler, 

2006): 

                                                                         

            

          = Investor Sentiment Index in month t 

     = Closed-end fund discount in month t 

       = NYSE average of monthly turnover in month t-1 

     = Number of IPOs in month t 

       = Average first-day return on US IPOs in month t-1 

  = Equity share in new issues in month t 

       = Value-Weighted dividend premium in month t-1 

State Street conversion 

The last 4 observations in my data set are too new to have corresponding monthly sentiment index 

values. Therefore they have been approximated using the following transformation of the similar 

State Street Confidence Index: 

                      
                           

   
 

                    = Approximated Baker and Wurgler Sentiment Index value in month t 

              = State Street Confidence Index value in month t-1 

            = State Street Confidence Index value in month t 

The method has proved to give an approximation of the B&W sentiment index during backtesting.  
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Appendix 3 – SAS Regression output (1) 

Number of Observations Read 117 

Number of Observations Used 117 

 

Analysis of Variance 

Source DF 
Sum of 

Squares 
Mean 

Square F Value Pr > F 

Model 5 0.05528 0.01106 1.69 0.1440 

Error 111 0.72834 0.00656     

Corrected Total 116 0.78362       

 

Root MSE 0.08100 R-Square 0.0705 

Dependent Mean 0.03174 Adj R-Sq 0.0287 

Coeff Var 255.21179     

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 
Standard 

Error t Value Pr > |t| 

Heteroscedasticity Consistent 

Standard 
Error t Value Pr > |t| 

Intercept 1 0.10162 0.08697 1.17 0.2452 0.10310 0.99 0.3265 

Ln_Mcap 1 -0.00702 0.00602 -1.16 0.2466 0.00700 -1.00 0.3183 

Rev_Up 1 0.04390 0.02031 2.16 0.0328 0.02052 2.14 0.0346 

P/B 1 -0.00054961 0.01045 -0.05 0.9582 0.00798 -0.07 0.9452 

Sentiment 1 -0.01248 0.03549 -0.35 0.7258 0.03380 -0.37 0.7126 

Activity 1 0.00142 0.00121 1.18 0.2419 0.00112 1.26 0.2087 
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Appendix 4 – SAS Regression output (2) 

Number of Observations Read 117 

Number of Observations Used 117 

 

Analysis of Variance 

Source DF 
Sum of 

Squares 
Mean 

Square F Value Pr > F 

Model 7 0.07725 0.01104 1.70 0.1157 

Error 109 0.70637 0.00648     

Corrected Total 116 0.78362       

 

Root MSE 0.08050 R-Square 0.0986 

Dependent Mean 0.03174 Adj R-Sq 0.0407 

Coeff Var 253.62955     

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 
Standard 

Error t Value Pr > |t| 

Heteroscedasticity Consistent 

Standard 
Error t Value Pr > |t| 

Intercept 1 0.10890 0.08778 1.24 0.2174 0.10013 1.09 0.2792 

Ln_Mcap 1 -0.00650 0.00601 -1.08 0.2820 0.00665 -0.98 0.3303 

Rev_Up 1 0.03927 0.02034 1.93 0.0562 0.02000 1.96 0.0521 

P/B 1 -0.00059321 0.01041 -0.06 0.9547 0.00759 -0.08 0.9378 

Sentiment 1 -0.01053 0.03538 -0.30 0.7666 0.03396 -0.31 0.7572 

Activity 1 0.00094812 0.00128 0.74 0.4589 0.00115 0.82 0.4127 

OSEAX_Ret 1 0.21677 0.18310 1.18 0.2390 0.18283 1.19 0.2383 

OSEAX_Vol 1 -1.00961 2.02490 -0.50 0.6191 1.64540 -0.61 0.5408 
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Appendix 5 – SAS Regression output (3) 

Number of Observations Read 117 

Number of Observations Used 117 

 

Analysis of Variance 

Source DF 
Sum of 

Squares 
Mean 

Square F Value Pr > F 

Model 15 0.16031 0.01069 1.73 0.0562 

Error 101 0.62331 0.00617     

Corrected Total 116 0.78362       

 

Root MSE 0.07856 R-Square 0.2046 

Dependent Mean 0.03174 Adj R-Sq 0.0864 

Coeff Var 247.50638     

 

Parameter Estimates 

Variable DF 
Parameter 

Estimate 
Standard 

Error t Value Pr > |t| 

Heteroscedasticity Consistent 

Standard 
Error t Value Pr > |t| 

Intercept 1 0.09986 0.10786 0.93 0.3567 0.09394 1.06 0.2903 

Ln_Mcap 1 -0.00744 0.00620 -1.20 0.2330 0.00632 -1.18 0.2421 

Rev_Up 1 0.03903 0.02034 1.92 0.0578 0.01736 2.25 0.0268 

P/B 1 -0.00852 0.01200 -0.71 0.4791 0.00884 -0.96 0.3372 

Sentiment 1 -0.08860 0.07550 -1.17 0.2433 0.06148 -1.44 0.1526 

Activity 1 -0.00003241 0.00162 -0.02 0.9841 0.00153 -0.02 0.9831 

OSEAX_Ret 1 0.18702 0.19923 0.94 0.3501 0.20737 0.90 0.3693 

OSEAX_Vol 1 -2.73909 2.24740 -1.22 0.2258 1.93926 -1.41 0.1609 

IPO in 2003 1 -0.16765 0.08861 -1.89 0.0614 0.04024 -4.17 <.0001 

IPO in 2004 1 0.03504 0.06477 0.54 0.5897 0.03127 1.12 0.2651 

IPO in 2005 1 0.07072 0.06746 1.05 0.2970 0.03284 2.15 0.0337 

IPO in 2006 1 0.09263 0.07216 1.28 0.2022 0.03974 2.33 0.0217 

IPO in 2007 1 0.08272 0.07856 1.05 0.2949 0.03969 2.08 0.0397 

IPO in 2008 1 0.08875 0.07567 1.17 0.2436 0.02913 3.05 0.0030 

IPO in 2010 1 0.04585 0.06319 0.73 0.4698 0.02365 1.94 0.0553 

IPO in 2011 1 0.05886 0.07298 0.81 0.4218 0.02634 2.23 0.0277 
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Appendix 6 – Graphed residuals 

Residuals from regression (1) 
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Residuals from regression (2) 
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Residuals from regression (3) 
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Appendix 7 – Residual distribution 

Regression (1) 
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Regression (2) 

 

Regression (3) 
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Appendix 8 – Correlation matrix, Eigenvalues and Condition Index 

Correlation matrix from regression (1) 

 

Eigenvalues and condition index (without intercept) for regression (1) to (3) 

 


