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Sammanfattning 

Introduktion:  

Sverige har en lång tradition av olika pensions system, så tidigt som 1914 blev det första sy-
stemet implementerat. Systemet har blivit förändrat åtskilliga gånger och 1998 infördes 
Premie Pensions (PPM) systemet. PPM är en blandning av ett distributionsbaserat system 
och ett fondbaserat system. 16 procent av en individs inkomst är bundet till det distribu-
tionsbaserade systemet för att kunna finansiera dagens pensioner. 2,5 procent av en indi-
vids inkomst är låst till det fondbaserade systemet och kan investeras av individen i olika 
fonder. PPM systemet har blivit utsatt för mycket kritik eftersom tidigare studier påvisat att 
flertalet svenskar inte gör aktiva fondval samt att de har otillräcklig kunskap.  

Diversifiering förklaras bäst genom talesättet; att inte placera alla ägg i samma korg. Diver-
sifiering är ett mått på hur väl en investerare lyckats sprida risken i sin portfölj genom att 
fördela tillgångarna i olika sorters värdepapper. 

Syfte:  

Syftet med denna uppsats är att studera huruvida svenskens pensionsportfölj inom PPM är diversifierad. 
Detta syfte valdes för att ingen tidigare studie med ett likadant syfte genomförts samt där-
för att risken med att inneha en dåligt diversifierad portfölj kan vara stor. 

Metodval:  

En kvantitativ ansats har använts i denna uppsats då syftet med den är att dra slutsatser ba-
serat på en stor urvalsgrupp. Andrahandsdata emottaget från PPM har uteslutande använts 
för att genomföra den empiriska studien. För att underlätta studien har en viss begränsning 
av information gjorts. I studien har ett urval av 100 individer samt 50 fonder använts. En 
avgränsning är att endast fonddata för de tre senaste åren använts. Trots dessa tillkorta-
kommanden hävdar författarna att en hög validitet och reliabilitet har uppnåtts i uppsatsen.     

Slutsats:  

Efter att ha jämfört individernas portföljer mot efficient frontier, har åtskilliga resultat 
uppdagats som påvisar samma slutsats; att svenskens pensionsportfölj inom PPM är dåligt diversifie-
rad. 

Handlingsplan för ansvariga: 

Att genomföra vidare studier med syfte att få mer kunskap om varför portföljerna är dåligt 
diversifierade samt implementera dessa resultat av studien i praktiken. 
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Abstract 

Introduction:  

Sweden has a long tradition of pension systems, as early as 1914 was the first system 
implemented. The system has been changed a number of times and in 1998 was the 
Premium pension authority (PPM) system introduced. PPM is a mixture of a distribution-
based system and fund-based system. 16 per cent of an individual’s income is devoted to 
the distribution-based system for financing today’s pensions. 2.5 per cent of an individual’s 
income is looked in the fund-based system and can be invested by the individual in 
different funds. The PPM system has been a target for much criticism since earlier studies 
has shown that the Swedes do not make an active choice nor have the demanded 
knowledge.  

Diversification is best explained through the saying; not to place all your eggs in the same 
basket. Diversification is a measure of how well an investor has succeeded to spread the 
risk of the portfolio by allocating assets in different securities.  

Purpose:  

The purpose of this thesis is to study whether the Swedish inhabitant’s pension portfolios within the PPM 
system are diversified. This purpose has been chosen because no studies have been made with 
an identical aim and also that the risk with holding a poorly diversified portfolio is grave.   

Methodology:  

A quantitative approach has been chosen since the aim of the thesis is to draw conclusions 
based on large sample numbers. Solitary secondary data, received from PPM, has been used 
to conduct the empirical study. To simplify the study limitations of information have been 
made; in the study samples of 100 individuals and 50 funds have been used. A Delimitation 
of the study is that only fund data for the last three years has been used. Despite the 
scarcities of the thesis the authors claim that the thesis has high validity and reliability.  

Conclusions:  

When benchmarking the individual portfolios against the efficient frontier a number of 
results were revealed and they all ended up in the same conclusion that the Swede’s pension 
portfolio within the PPM system is insufficient diversified.  

Implication for management of the PPM system 

To conduct further studies with the aim to get knowledge; why the investments are poorly 
diversified and find ways to transform the suggestions of the study into practice.  
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1  Introduction 
In this bachelor thesis the authors have studied and conducted a research whether the 
people in Sweden have diversified their pension fund savings within the Premium pension 
authority (PPM) system. 

“…the difficulties in selecting funds reduce the interest for PPM and at the same time as the individuals are 
exposed to large risks, they are experiencing the danger to get a low pension” (Svenska dagbladet, 2003).  

Statements like this created an interest for investigating the level of diversification of the 
Swede’s pension portfolio. Do the Swedes possess portfolios with large risk and with 
danger for low return or have they succeeded to diversify their pension portfolios? 

 

1.1 Background of the Swedish pension system 

Sweden has a long tradition of pension systems. As early as 1914, the first pension 
insurance was implemented. This system was followed by a pension-reformation in 1948 
and the Allmän Tjänstepension system (ATP) in 1960 (Socialdepartementet, 2004). 

The ATP system was a transaction system. The taxes that were paid, went directly to the 
ones retired at the moment. The ATP system was a puzzle with two pieces named 
folkpension and ATP. Folkpension was the fundamental piece in this pension plan system 
and everyone that had been or was an inhabitant had the right to get money from the 
system. ATP was related to your income and the maximum ATP was paid out if you had 
thirty years or more of incomes, high enough defined by the system (Folksam-LO Pension, 
2005). 

In 1998, the pension system in Sweden was changed and a new system, PPM, was 
introduced. The official report from the Swedish government committee mentioned several 
reasons why the system had to be changed; but the main one was that the old system no 
longer was economic stable and that it did not take future demographic changes into 
account. The report concluded that the old system would lead to an imbalance in the 
capital paid into the system and the spending within the system. The expected population 
structure after 2000, with an increase in the number of retired persons and a decrease in the 
tax paying population supporting the retired, put more and more pressure on the old 
system (PPM, 2003). 

The PPM system is a mixture of a fund-based and distribution-based system. The fund-
based system is called the PPM system and the distribution-based system is called 
guaranteed income-based pension. In this new system, pension rights are given everyone 
that are living in Sweden and that are earning taxable incomes. 18.5 per cent of the 
individuals income is charged for pension, of this is 16 per cent devoted to the distribution-
based system for financing today’s pensions and 2.5 per cent are locked for the pension 
savers own pensions in the future. The money located within the PPM system can be 
invested by the pension savers individually in funds. Every individual have the possibility to 
choose to invest the earned income in one up to five different funds. For those who do not 
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actively make a choice of investment, the money is being placed in a fund, called 
Premiesparfonden, handled by the organization; sjunde AP-fonden. It is possible to change 
funds as many times as the individual desires without transaction costs. (PPM, 2003) 

Transaction costs are the costs of executing a trade, for the individual. (Reilly & Brown, 
2003).  

The performance of the pension saver’s portfolio of funds is then a determiner of the 
future pension amount. The value of the funds is registered on a special individual account 
at the Premium Pension Authority. Once a year the Premium Pension Authority also sends 
out orange envelopes, which explains and illustrates the performance of the portfolio and 
the last year’s amount of earned money to the PPM system (PPM, 2003). 

1.2 Problem Discussion 

An US provider of investment research, Morningstar Inc, resembles diversification with 
having your friends over for a barbecue. As a host you need to offer an assortment of 
salad, lemonade, meat, and maybe some kind of potatoes. Shortly you need to diversify 
your table so that everyone will be satisfied and pleased (Morningstar Inc, 2005). 

The term diversification means “a portfolio strategy designed to reduce exposure of risk by combining 
a variety of investments, such as stocks, bonds, and real estate, which are unlikely to move in the same 
direction” (Investorwords, 2005). 

It is impossible to judge if a portfolio is a good portfolio from an outside view. How much 
risk or how much return an investor wants has to do with the persons preferences. What 
can be judged though is how much risk reduction can be achieved by relocating 
investments or diversification (Ramaswamy, 2003). By diversifying it is possible for 
investors to experience both lower risk and higher return. To diversify is to choose 
investments to the portfolio with different returns or covariance over time (Reilly & 
Brown, 2003). 

It is hard to evaluate whether an individual pension saver has chosen a diversified portfolio 
or not. Financial textbooks show that dividing a portfolio’s wealth equally among an 
increasing number of randomly chosen equities lowers portfolio variance, and thus risk. 
Modern portfolio theory shows that knowledge of the means, variances and covariance can 
help find a portfolio that minimizes risk at every level of expected return (Ramaswamy, 
2003). 

According to a study of the private retirement system in the United States, where the 
employees takes charge of his own investment decisions, a conclusion about the positive 
effects of a diversified portfolio is drawn. Ramaswamy (2003) states that the consequences 
for an ill-informed investor with an undiversified position are grave (Ramaswamy, 2003). 

Diversification within a pension portfolio is achieved by allocating assets through different 
asset classes (stocks, bonds, and cash) within asset classes (large capitalization stocks versus 
small capitalization stocks) and across countries and regions. The pension saver should 
further be specific regarding how much market risk the portfolio will take and be adaptive 
to changes on the market (Logue & Rader, 1998). 

A study conducted in 2003 by the company CMA AB, states that only 17 per cent of the 
Swedish population made an active PPM choice. The study also points out that 36 per cent 
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of the population thought of selecting funds consisting of different asset classes when they 
did an active decision regarding the pensions (CMA AB, 2003). 

According to a study made by Hörnsten (2004), has the majority of the Swedish people not 
sufficient knowledge and information of the new pension system in order to handle their 
own pension saving. 48 per cent are stating that they have far from enough knowledge to 
handle their PPM choices. Other findings in this report are the facts that a majority of the 
people does not read their orange envelopes and that 53 per cent of the people have either 
little or no trust in the PPM system (Hörnsten, 2004). 

Christer Elmehagen, the chief executive and a leading pension fund manager of AMF 
clarified his thoughts about the PPM system and said, ”The government has misled and under-
educated the Swedish people in this huge change of responsibility” (Cowell, 2005, p. C1). 

Another issue is the average return for the 5.3 million pension savers which on March 31 
2005 were negative five per cent, since the PPM system was launched. (Lindmark, 2005). 

Even if these statistics, figures and thoughts regarding the PPM system has been stated, no 
study or research has been made in Sweden in order to show and analyze whether the 
inhabitants of Sweden’s pension portfolios are diversified. Since the absence of 
diversification can lead to individual and socio-economical consequences, the authors of 
this thesis find this especially interesting to analyze and study. 

So the problems the authors are questioning themselves is whether the pension savers in Sweden are 
diversifying their PPM portfolios or not? 

In what range is the Swede’s pension portfolio within the PPM system diversified?  

1.3 Purpose 

The purpose of this thesis is to study whether the Swedish inhabitant’s pension portfolios 
within the PPM system are diversified. 

1.4 Delimitations 

The authors of this thesis have chosen to study and draw conclusions about the PPM 
system as a whole and all investors within the PPM system. No demographical 
delimitations are made. Concerning the funds chosen to create the efficient frontier a 
delimitation has been done. Only funds that have been active the last three years have been 
included in the study. 

1.5 Literature study 

The purpose of the literature study was to conduct knowledge of the chosen subject and to 
create a theoretical framework. Literature about portfolio theory, diversification and 
efficiency has been studied to get a deeper insight in the area of investigation. The thesis is 
based on prior studies by Krishna Ramaswamy (2003) and Kandel and Stambaugh (1995) 
but also a number of other articles, internet sources and textbooks have been used. Most of 
the literature was found at the library of Jönköping University. 
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1.5.1 Books 

In order to receive knowledge of the fundamental theories of portfolio theory the authors 
used well known financial literature based on the work of Harry Markowitz. The literature 
chosen is of high quality and reliability. 

1.5.2 Articles 

The article written by Ramaswamy (2003) was the starting point of this thesis but also other 
relevant articles within the field have been used. To find these articles the authors mainly 
searched on: ABI/Inform Global, a database at the library of Jönköping University, 
JSTORE a database with business collections and also through search engines such as 
Google. The authors believe that the accuracy of these articles is high since they are written 
by well known authors and that their findings concur with essential financial theories. 

1.5.3 Internet 

Since the validity of internet sources are quite low the authors have tried to limit the use of 
them. Mainly Google and other similar search engines have been used to find suitable 
computer software but these search engines have also been used to find articles in the area 
chosen. The web sites of Morningstar and PPM have also been used frequently in the 
report. 
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1.6 Disposition of the thesis 

The disposition highlights and visualizes the sequence of the chapters and the structure of 
the thesis. The purpose is to give the reader a broad overview of the structure of the thesis. 

 
Figure 1.6.1 Disposition of the thesis 

Chapter 2     

Frame of 
reference 

Chapter 3   

Methodology 

Chapter 4    

Empirical 
findings and 

Analysis 

Chapter 5     

Conclusions 

In Chapter one the background of the Swedish pension system is
discussed followed by an extensive problem discussion. The problem 
discussion will further be followed by the purpose and delimitations 
of the thesis.  

Chapter two presents the theoretical framework which first defines 
the basic principles of portfolio theory and then explains different 
measures of efficiency, diversification, and variance.  Finally, a broad 
review of the fund system and the difference between different types 
of funds will be presented.  

In chapter three the method used to conduct the empirical study is 
presented. First, the reasoning of the choice between quantitative 
and qualitative approach is explained followed by the approach to 
secondary and primary data. Then an explanation of the data 
collection method, sampling procedure and also the data software 
used in the study will be presented. The chapter ends with discussing 
the validity and reliability of the research and also delimitations made 
in the study.  

In this part, the empirical findings combined with the authors 
analysis will be presented in different sections. The empirical findings 
will open each section followed by an analysis connected to the 
frame of reference. Each section constitutes a brick in the wall that 
will contribute to the answer of the purpose in this thesis. Finally a 
short analysis for further studies will be presented.  

 

In this chapter, the authors will fulfil the purpose of the thesis 
through answering the problem statement. Here, in the ending part 
of the thesis, the authors merge all the pieces of the puzzle to finally 
behold the conclusion of the thesis. Suggestions for further studies 
will be given followed by suggestions to improve the situation with 
the Swedes pension savings in implications for management. Finally 
the authors own reflections about the thesis will be presented.     

 

Chapter 1       

Introduction 



 

  

2 Frame of reference 
This chapter constitutes the theoretical framework on the concept of modern portfolio theory and efficiency 
measures. Starting with an overall view of portfolio theory and its founder Harry Markowitz, a more in-
depth look at the theories of efficiency, diversification and variance will follow in order to create a framework 
for the analysis. 

 

2.1 Basic principles of portfolio theory 

Modern portfolio theory was developed by Harry Markowitz, in the paper Portfolio selection 
that was introduced in the 1952 Journal of finance (Riskglossary, 2005). His ideas were 
pioneering and he identified the risk-reduction benefits of holding a diversified portfolio of 
assets (Bird & Tippett 1986). 

The pioneering work of Markowitz (1952) has had a tremendous impact on traditional 
investment policy and according to Strong (2000), this theory also served as the catalyst 
that accelerated the quantitative approach to portfolio construction (Strong, 2000). 

The traditional investment school deals with two principal topics: security analysis and portfolio 
management. Security analysis deals with estimating the merits of individual investments, 
while portfolio management includes the construction and maintenance of a collection of 
investments (Strong, 2000). Previously, investors focused on measuring the risk and returns 
on individual securities when constructing their portfolios, according to the security 
analysis mentioned earlier. This was built upon the theory of constructing a portfolio with 
the least risky securities and highest expected return. By following this, an investor might 
consider pharmaceutical stocks to offer the highest return with least risk and build a 
portfolio containing only these assets. Markowitz (1952) saw the weaknesses in this way of 
calculating portfolio efficiency and from this he developed the modern portfolio theory, 
which focuses on the overall risk-reward characteristics of a portfolio (Riskglossary, 2005). 

2.2 Deeper in the see of portfolio theory 

2.2.1 The concept of utility 

Utility is a measure to describe the happiness or satisfaction gained from utilization of a 
good or a service. The concept of utility theory assumes that people act in a rational way 
and maximize their utility when possible. Utility has no ambition to explain why one choice 
is preferred to another (Wikipedia, 2005). 

2.2.2 Risk aversion 

From the theory of preferences, that people prefer certain things in front of others, 
characteristics of an investor can be found. Sharpe (2000) has stated that the preferences of 
any investor with similar characteristics can be represented by (1) some function relating to 
his/hers utility to wealth and (2) the assertion that he/she will always choose the portfolio 
with the greatest expected return. Keeping all other things equal, an investor is assumed to 
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prefer more wealth to less. The investor can also be assumed to prefer a higher probability 
of receiving a target sum to a lower (Sharpe, 2000). 

Modern portfolio theory assumes that investors are fundamentally risk averse in the sense 
that, given a choice between two assets with equal rates of return, they will always select the 
asset with the lowest rank of risk. Evidence for this theory is that most investors purchase 
various types of insurances; life insurance, car insurance and health insurance as some 
examples to guard against future needs. The monthly, or annual, outlay paid for the 
insurance can be justified by receiving a protection against possible larger outlays in the 
future. Further evidence to risk aversion is that investors require a higher rate of return to 
accept higher risk (Reilly & Brown, 2003). 

This does not signify that all investors are risk averse, in fact, not everybody buys 
insurances for everything. Some people buys for example insurances for their car and 
house, but at the same time they play at casinos and buy lottery tickets where it is known 
that the expected returns are negative. This contradiction can be explained by an attitude 
toward risk that depends on the amount of money involved. From this discussion, the 
basic assumption is that most investors that are committing large sums of money to 
develop a portfolio, are risk averse (Reilly & Brown, 2003). 

2.2.3 Expected rate of return 

The expected rate of return is an evaluation of a future investment. In the range of zero to 
one, an event equal to zero is not going to happen and an event equal to one will surely 
occur. An uncertain investment has a low probability, close to zero, while a known 
outcome have a probability of one (Reilly & Brown, 2003). 

E(Ri)=∑(Pi)(Ri) 

E(Ri)=Expected return 
(Pi)=Probability of return 
(Ri)=Possible return 

For a portfolio of investments the expected rate of return is the weighted average of the 
expected rate of return for each investment in the portfolio, where the weights are the 
value proportion of the investment (Reilly & Brown, 2003). 

E(Rport)=∑WiE(Ri) 

E(Rport)=Expected rate or return of the whole portfolio 
Wi=Weight in investment i 
E(Ri)= Expected rate or return of investment i 

(Reilly & Brown, 2003). 

2.2.4 Variance and standard deviation 

Risk is defined by Reilly and Brown (2003) as “The uncertainty that an investment will earn its 
expected rate of return” (Reilly & Brown, 2003, p. G-14). Another perhaps more directly 
approach is given by Strong (2000) which defines risk  as the “Chance of loss” (Strong, 2000, 
p. 586). 
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The most common measurements of risk are the two statistical measures of the dispersion 
of returns around the expected value called variance and standard deviation. The larger the 
variance or standard deviation is the greater is the dispersion, uncertainty and also the risk 
(Strong, 2000). 

There are other ways to measure risk as well but the authors of this thesis adjust with Reilly 
and Brown (2003) and use variance and standard deviation based on three reasons (Reilly & 
Brown, 2003). 

“(1) this measure is somewhat intuitive. (2) it is a correct and widely recognized  measure of risk and (3) it 
has been used in most of the theoretical asset pricing models” (Reilly & Brown, 2003, p. 212). 

σ2=∑Pi(Ri-E(Ri))2 

σ2=Variance 
Pi=Probability 
Ri=Possible return 
E(Ri)=Expected return 

σ=(σ2)^(1/2) 

σ=Standard deviation 

2.2.5 Covariance and correlation 

The measure of how two investments move together relative to their individual values is 
called covariance. According to Strong (2000), covariance is defined as “the product moment of 
two random variables about their means” (Strong, 2000, p. 45). 

Merely, how often they move above or below their means at the same time. If both 
investments are above their individual means, the result will be a large positive value, and 
the opposite if they both lie below their means. In comparison, if one of the investments 
lies above its individual mean while the other is below, the outcome will be large negative 
values. The covariance’s magnitude is dependent of the variances of the individual returns 
and the relationship between them (Reilly & Brown, 2003). 

For two investments, i and j, the covariance is defined as: 

COVij = E((Ri–E(Ri))(Rj-E(Rj))) 

COVij=Covariance of investments i and j  
Ri=Possible return 
E(Ri)=Expected return 

The number received from calculating covariance can be hard to interpret, therefore it is 
necessary to standardize the covariance. The correlation coefficient gives an easier number 
to interpret that ranges from -1 to +1. +1 indicates that the two investments move 
perfectly together while -1 means that they have a perfectly negative relationship. The 
correlation coefficient between the two investments, i and j, is defined as follows: 

rij=COVij/(σiσj) 

rij=Correlation investments i and j 
COVij=Covariance of investments i and j 
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σi=Standard deviation of investment i 
σj=Standard deviation of investment j 

(Reilly & Brown, 2003) 

Correlation does not imply causation, it only indicates the extent the investments move 
together (Sharpe, 1970). 

2.2.6 Standard deviation of a portfolio 

The risk or the standard deviation of a portfolio with different securities is a function of 
the weighted average of the variances and the weighted covariance between the 
investments. This statement ends up in the conclusion that the most important factor when 
adding an investment to a portfolio of other investments is its covariance with all the other 
investments (Reilly & Brown, 2003). 

As Reilly and Brown (2003) note, “Combining assets that are not perfectly correlated does not affect 
the expected return of the portfolio, but it does reduce the risk of the portfolio” (Reilly & Brown, 2003, 
p.222). Markowitz derived the formula to calculate the standard deviation of a portfolio of 
assets, in this case a portfolio containing the assets i and j: 

σPortfolio=(w2
iσ2

i+W2
jσ2

j+2wiwjri,jσiσj)^(1/2) 

σPortfolio=Standard deviation of a portfolio 
Wi=Weight in investment i 
Wj=Weight in investment j 
σi=Standard deviation of investment i 
σj=Standard deviation of investment j 
rij=Correlation investments i and j 

(Reilly & Brown, 2003) 

2.2.7 Diversification 

By applying the term diversification to the investment world, it can be seen as a portfolio 
strategy and a desirable goal in the investment community. Diversification is achieved by 
allocating different assets in a portfolio across asset classes (such as stocks and bonds), 
within asset classes (such as large capitalization stocks versus small capitalization stocks, or 
investing in several different industries) and across regions and countries, such as 
international stocks and bonds (Logue & Rader, 1998). 

Companies are usually classified into one of four categories: large cap, medium cap, small 
cap or micro cap, depending on their market capitalization (Investorwords, 2005). 

The importance of owing various types of funds cannot be mentioned too often and to 
extensively. Some investments will perform well at some times while others do not. If an 
individual then has a variety of funds in his/hers portfolio it is very likely that the portfolio 
consists of something that performs relatively well. Diversification will allow an individual 
to reduce the volatility and spread the risk of the portfolio. According to Morningstar Inc 
(2005), the beauty of the diversification is that an investor can limit the losses in a 
downturn. Even if diversification can limit the losses it should not be seen as a complete 
protection against short term plunges. Diversification does not give a guarantee that if the 
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value of one of the funds in the portfolio decreases another fund will increase (Morningstar 
Inc, 2005). 

If a portfolio consists of all risky assets it is according to Reilly and Brown (2003), referred 
to as the market portfolio. Because the market portfolio consists of all risky assets it is a 
fully diversified portfolio, which means that all the risk unique to an individual’s assets in 
his or her portfolio is diversified away. This also means that the risk of a single asset is 
offset by the unique variability of all the other assets in the portfolio. Reilly and Brown 
(2003) call this diversifiable unique risk for unsystematic risk and they further state that it is 
only the systematic risk that remains in the portfolio. The systematic risk is a risk that 
cannot be diversified away because it is affected by macro economical variables and an 
individual will always face this risk. Diversification make it possible for investors to 
experience both lower risk and higher returns by diversifying their portfolios (Reilly & 
Brown). 

The major benefit of portfolio diversification is a potential of increased returns in the long 
term by minimizing the risk and reducing the negative effects of market volatility on the 
individual portfolio. Investing globally and investing across a variety of assets are solid 
investment strategies (AIM investment insight, 2000). 

Evans and Archer (1968), observed that risk reduction effects diminish rapidly as the 
number of stocks increases, this ends up in a conclusion that a diversified portfolio should 
consist of ten randomly chosen stocks (Evans & Archer, 1968). Some years later Statman 
(1987), concludes that “a well-diversified portfolio of randomly chosen stocks must include at least 30 
stocks for a borrowing investor and 40 stocks for a lending investor” (Statman, 1987, p. 353). 

As Statman (1987) states “costs should be compared to marginal benefits in determining the optimal 
levels of production or consumption” (Statman, 1987, p. 354). The benefit of diversification is risk 
reduction while the costs are transaction costs (Statman, 1987). 

Blume and Friend (1975) conclude that investors with limited means in a greater 
proportion hold bad diversified portfolio (Blume & Friend, 1975).  

A theory why people do not diversify is given by Statman (1987) as people may ignore the 
benefits of diversification. If that is the case education may be a solution. Statman (1987) is 
thou very careful and concludes that more information about the investor’s goals and 
preferences has to be developed before making conclusions about further education 
(Statman 1987). 

2.2.8 The thought of the efficient frontier 

The combination of investments in a portfolio that has the maximum rate of return for 
every level of risk or the minimum risk for every rate of return is the efficient frontier. In 
other words, the efficient frontier is the best combination of investments the portfolio has 
to offer. The slope of the efficient frontier will steadily decrease as the return and risk 
increase. This phenomenon is explained by diminishing increments of expected return 
(Reilly & Brown, 2003). 

Every portfolio on the efficient frontier is dominant or a more desirable investment than 
the portfolio that is located under it. All risk averse investors will aim at a point on the 
efficient frontier, thou will the point be different for every investor since all investors have 
different attitudes towards risk and trade-offs between expected return and risk. The 
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optimal portfolio for an investor is a point on the efficient frontier that represents the 
highest utility for the investor (Reilly & Brown, 2003). 

2.2.9 Efficiency measures 

Efficiency is a commonly used term in the financial literature and especially in the modern 
portfolio theory. The precise definition of the word efficiency is according to Cambridge 
Advanced Learner’s Dictionary “When someone or something uses time and energy well, without 
wasting any” (Cambridge Dictionary, 2005). 

In the case of Markowitz's modern portfolio theory, efficiency is correlated to 
diversification in the approach that the more diversified a portfolio is the more efficient 
this portfolio is (Reilly & Brown, 2003). 

According to Ramaswamy (2003), increasing a portfolios diversification lowers the risk and 
makes it more efficient. In his article Company Stock and Pension Plan Diversification, 
Ramaswamy (2003) further explains the efficiency measure as the closeness to the efficient 
frontier (figure 2.2.1). The efficient frontier consists of, as stated in 2.2.8, the best 
combination of the investments the portfolio have to offer (Reilly & Brown, 2003). 

 

Figure 2.2.1 Portfolio efficient frontier (Ramaswamy, 2003). 

The figure 2.2.1 uses a mean-variance framework, by measuring mean return on the vertical 
axis and variance on the horizontal, and lets Z represent the individual’s portfolio. 
According to the article of Ramaswamy (2003), Z is not a good investment choice 
considering the rate of return compared with the risk taken. Point X, which lies on the 
frontier, has exactly the same return as Z but a lower amount of risk. Also point Y in the 
graph is a better choice than Z in the sense that this portfolio gives a higher return to the 
same level of risk. The distance, also referred to as nz, between the variables Z and X 
measures the level of diversification of an individual’s portfolio and also the portfolio 
efficiency which is calculated by following equation: 
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(Ramaswamy, 2003). 

At one extreme, the variable nz takes the value of 0: this happens when the individual’s 
chosen portfolio Z is far from the efficient frontier and exceedingly undiversified. At the 
other extreme, nz is equal to 1, which happens when Z coincides with X on the frontier. At 
this point the individual’s portfolio is efficient and perfectly diversified, and no further risk 
reduction is possible at the selected level of expected return. To compute the nz measure 
for any portfolio X chosen, an assumption referred to as A is necessary: 

Assumption A requires that: (A): At least one efficient portfolio that is on the frontier is 
known (Ramaswamy, 2003). 

The graph specifies portfolio S, who contains the highest risk-return ratio on the frontier, 
as the one referred to in assumption A. It is also possible to find point V on the frontier; 
one can only identify the global minimum variance portfolio. By having knowledge of these 
two variables, V and S, it is possible to calculate the whole efficient frontier. When 
calculating the variables at the efficient frontier it is possible to calculate the distance nz and 
the efficiency level of portfolio Z (Ramaswamy, 2003). 

Kandel and Stambaugh (1995) use almost the same method as Ramaswamy (2003) but the 
difference is that Kandel and Stambaugh (1995) let the efficiency measure range between 1 
to -1. This implies that it also exists an inverted curve with a negative efficiency measure. 
Kandel and Stambaugh (1995) divide the portfolios in six different categories depending on 
their efficiency, where the most perfect efficient portfolio have efficiency 1 and is located 
on the efficient frontier. Figure 2.2.2 visualises this six categories and each curve displays 
portfolios with a measure of the relative efficiency. The three categories above zero are 
classed as diversified (Kandel & Stambaugh, 1995). 

 

 

Figure 2.2.2 Efficiency measures (Kandel, S. and Stambaugh, R. F, 1995). 
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2.2.10 The fund market within the PPM system 

Generally there are three major asset classes, stocks, bonds, and cash (Logue & Rader 
1998). 

There are a large variety of funds within the PPM system and today there are 688 different 
funds that invest the pension savings into four major types of funds. These four major 
types are stock funds, bond funds, blend funds and generation funds. These broad fund 
categories are further subdivided into classes such as specific country funds, specific region 
funds, specific industry funds, money market funds, bond funds, growth funds etc. Stock 
funds or equity funds as it is sometimes called, should place at least 75 per cent of the 
capital in stocks or securities closely related to stocks. Most of the funds are placing a 
considerable higher percentage of the capital in stocks than this requirement though. Funds 
that are placing the capital in stocks are considerably more risky and volatile than the other 
types of funds. Stock funds also have different investment strategies: some funds focus on 
investments in large capitalization companies, some focus on small capitalization 
companies, some concentrate on growth companies and some funds invests primarily in 
different regions and countries. Within the categories there is a distinction between index 
funds and managed funds. Index funds are constructed in order to give the same return as 
the stock market as a whole (PPM 2005). 

A growth company is a company investing in projects that provide a rate of return higher 
than the firm’s cost of capital. Because of these investments its earnings grow faster than 
those of average firms (Reilly & Brown, 2003). 

Bond funds are funds that place 100 per cent of the capital in short-term or long-term 
interest securities, T-bills and/or bonds. This sort of funds gives a stable return over time 
and they do not vary much in value in general. The funds within this category have a lower 
risk than the other major fund types. Blend funds are funds that place the capital in both 
stocks and bonds. Since a blend fund is investing the capital in both stocks and bonds the 
risk for blend funds are between stock funds and bond funds. A generation fund works in 
a similar way as a blend fund in the way that they are both allocating capital to stocks and 
bonds. The unique with a generation fund is that the fund manager reallocates and changes 
the holdings of stocks to bond securities, the older the pension saver becomes. There are 
three different broad categories within the generation funds, pension within ten years, 
pension within twenty years, and pension within more than twenty years. The longer time a 
pension saver has to retirement the higher is the allocation towards more stocks in the 
portfolio (PPM 2005). 
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3 Methodology 
This chapter presents the approach that the authors will follow throughout the empirical study and the 
selection process of different methods in the research. First, the reasoning of the choice between quantitative 
and qualitative approach will be explained followed by the approach to secondary and primary data. Then 
an explanation of the data collection method, limitation of information, sampling procedure and also the 
computer software used in the study will be presented. The methodology chapter ends with discussing the 
validity and reliability of the research. 

 

3.1 Quantitative and qualitative approach 

There are two types of approaches when gathering and analyzing research data; quantitative 
and qualitative (Zikmund, 2000). The different perspectives of these two approaches and 
the logics behind the authors decision to use a specific approach will be explained briefly. 

The focus of qualitative research is not on numbers but rather on words and observations 
such as stories, interpretations and other expressive descriptions. It is dominantly used 
when the researcher wants to have a deeper understanding of a problem (Zikmund, 2000). 
In a qualitative study the researcher use a smaller sample to be able to make a conclusion of 
the research question (Saunders, Lewis & Thornhill, 2003). 

In opposite to the qualitative data, the purpose of the quantitative research is to verify the 
quantity or extend some of the phenomena in numbers (Zikmund, 2000). Almost all 
research will involve some numerical data that can be quantified to help answering the 
research questions. To be useful, the numerical data need to be analyzed and interpreted in 
an accurate way. The most commonly analysis techniques for interpreting quantitative data 
are simple tables or diagrams that show the frequency of occurrence between variables. In 
a quantitative study it is possible to use a large sample number, which in turn makes the 
researcher able to draw conclusions regarding the population (Saunders, Lewis & 
Thornhill, 2003). 

By looking at the purpose of this thesis if the Swede’s pension portfolio within the PPM system is 
diversified, it is possible with high certainty to draw the conclusion that a quantitative 
approach will be applied in the empirical study because of its numerical indication. In this 
research the authors will use a sample of 100 pension savers in Sweden to estimate the level 
of diversification on each portfolio. PPM provided the authors with all relevant data and by 
the use of statistical computer software a level of diversification for the 100 chosen 
portfolio will be calculated. A pure quantitative approach has been applied in this study 
since it is solely a numerical research without any emotional features. This means that in 
the research, only numerical data have been worked at and excluding all information of 
qualitative nature, such as demographic factors that affects an individual’s fund choice. 

3.2 Primary and secondary data 

In the methodology literature data are often classified as their closeness to the phenomena 
studied. This divides data into two classes; primary and secondary in which secondary data 
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has at least one level of interpretation between the event and its recoding, and primary data 
which are sought for its proximity to the truth and lack of errors (Zikmund, 2000). 

Secondary data are already existing data such as literature and studies made by others. 
These kinds of data are the most commonly since it consists of all written material in one 
area of investigation. Benefits with secondary data are that it provides fast and inexpensive 
research information. But there are disadvantages as well according to Churchill (1996). He 
mentions the problems of fit and accuracy as limitations to the use of secondary data. It 
may be that the existing data does not fit the problem defined by the researcher or the fact 
of errors that are possible in the secondary data (Churchill, 1996). 

Primary data are the information collected specifically for the problem investigated by the 
researcher. Through this the problems of fit and accuracy are eliminated. There is no 
problem of fit since the researcher collects data designed to fit the problem of the study. 
The researcher can also eliminate the problem of accuracy through carefully collect, analyze 
and present the data. However, the use of primary data has disadvantages such as the high 
costs and a time consuming process (Churchill, 1996). 

In this research only secondary data have been used in order to find an answer to the 
problem statement. According to the extensive literature and research within finance, the 
problem of finding appropriate data was eliminated. In this research the authors have also 
used a sample of 100 individuals in Sweden and their selections of funds within PPM. This 
information is secondary as well since it was received from PPM. The literature and data 
that have been used in the thesis are generally accepted as trustworthy such as information 
given by PPM, Morningstar and well known financial theories developed by Markowitz and 
Sharp. 

3.3 Data collection method 

The method of data collection can according to Cooper and Schindler (2001) be 
distinguished in two classes; monitoring/observational and interrogation/communication 
processes. In the monitoring/observational process the researcher notes and records the 
information available from observations. That is, the researcher inspects the activities of a 
subject without attempting to obtain responses from anyone. The 
interrogation/communication process is characterized of that the researcher questions the 
subjects and collects their responses through interviews, mails or letters (Cooper & 
Schindler, 2001). 

In this study the authors have used a monitoring/observational method when collecting 
data. As stated in chapter 3.2 PPM provided the authors with a sample of 10 000 people in 
Sweden and what fund choices they have made. The information contained was the 
individual’s year of birth, postal address, zip code, the name of the funds chosen and 
amount of money in each fund. To narrow the research the computer software SPSS has 
been used in order to randomly select 100 individuals out of the 10 000 received from 
PPM. 

3.4 Limitation of information 

In order to simplify the research a limitation of information was necessary. To calculate a 
level of diversification for the whole sample received from PPM would be too extensive 
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within the frames of a bachelor thesis. Therefore the size was reduced of both the sample 
and the amount of funds used in the creation of the efficient frontier. 

3.4.1 Limitation of information of individuals 

As the purpose states, the target of the thesis is to study whether the Swede’s pension 
portfolio within the PPM system is diversified. To calculate on the whole population is too 
extensive and hardly realistic. From PPM the authors received a sample of 10 000 
individuals, from this sample a new random sample was made of 100 individuals by using 
SPSS. The procedure of sampling is further explained in chapter 3.6.1. This sample will be 
the base of the thesis and representing the whole Swedish population within the PPM 
system. A sample of 100 individuals might be a too small sample in order to fairly represent 
the Swedish pension savers. This is a simplification of the thesis and something that the 
reader has to keep in mind. 

3.4.2 Limitation of information of funds for the efficient frontier 

The number of funds that have existed within the PPM system are 933, of these are 688 
active today. The most reliable efficient frontier and a perfect image of the reality would 
include all these funds in the calculation of the efficient frontier. This would however be 
too time-consuming since the information gathered and calculated would be large. This is 
the reason why a limitation to 50 funds has been chosen. How the process of selecting the 
50 funds was done, can be read in the chapter 3.6.2. How is this reduction of funds 
affecting the shape and conclusions from the efficient frontier? 

Evans and Archer (1968), observed that risk reduction effects diminish rapidly as the 
number of stocks increases. In the same article Evans and Archer (1968) concluded that 
about ten randomly chosen stocks will do the job of diversifying the portfolio (Evans & 
Archer, 1968). The article of Evans and Archer (1968) is in conflict with a later written 
article by Statman (1987), where the latter concludes that “a well-diversified portfolio of randomly 
chosen stocks must include at least 30 stocks for a borrowing investor and 40 stocks for a lending investor” 
(Statman, 1987, p. 353). 

The sample portfolio consists of 50 funds and each fund consists of a number of other 
securities, this ad up to a portfolio with more than 50 securities. Keeping Statman, Evans 
and Archer in mind, a sample of 50 funds will fulfil the demands that Statman, Evans and 
Archer have on a diversified portfolio. The reduction of funds would be possible and the 
efficient frontier will still present a reliable and good image of the reality. 

3.5 Sampling 

The fundamental idea about sampling is that by selecting some parts of a population makes 
it possible to draw conclusions regarding the entire population. A population is the total 
collection of elements, for example people, about which someone wish to make some 
assumptions. The most forceful reasons for sampling are lower costs, greater accuracy of 
results, faster data collection and a better availability of population elements (Cooper & 
Schindler, 2001). 

An ultimate sample design represents the characteristics of the population it represents, it 
has to be valid. Validity of a sample is measured through accuracy and precision. An 
accurate sample does not favour any particular opinion and gives a balanced outcome that 
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represents the population. But since no sample will fully represent its population in all 
respects, the precision of the sample has to be taken into account. This is called sampling 
error and consists of random fluctuations and unknown systematic variance. The members 
of a sample are chosen either on a probability or by a nonprobability basis. Probability 
sampling is based on the concept of random selection while nonprobability is arbitrary 
(Cooper & Schindler, 2001). 

3.5.1 Sample of 100 individuals 

In this thesis, the total population of Sweden has been used as the population since the 
authors wanted to draw conclusions of behaviour within the country. The total number of 
pension savers within the PPM system, which is the population, are 5 300 000 individuals 
(PPM, 2005). As mentioned in chapter 3.4, information were received from PPM about the 
fund choices of 10 000 randomly chosen individuals. This would be too extensive to 
examine within a bachelor thesis and therefore a limitation has been made. The authors of 
this thesis have decided to limit the sample to 100 individuals. This has been done because 
of both time constraints and because it is a manageable sample size. Despite the small 
sample, the authors claim that this sample still can say much about the behaviour of the 
population. 

In this thesis, where both the population and the sample size are known, the confidence 
interval need to be calculated. The confidence interval is how accurate and representative a 
sample is relative to the population (University of Texas, 2002). 

In order to determine the confidence interval for a sample when the population size and 
sample size is known, the following formula should be used.  

CI = 1,96 √    N-n 
                             4(Nn) 
 

Where the confidence level is 95 per cent, which gives a critical value of 1.96 when t is 
equal to .025 and there are infinite observations (Saunders & Smidt, 2000). 
CI = Confidence level 
N = population size and  
n = sample size 

(University of Texas, 2002). 

The next issue to consider is the confidence level, which is the probability that the sample 
proportion falls within the confidence interval. In this thesis a confidence level of 95 per 
cent has been used. A 95 per cent confidence interval is used when the authors want to be 
reasonable confident (University of Texas, 2002). Since the sample in this thesis is small 
compared to the population size the authors believe that a 95 per cent confidence interval 
is enough. 

By using the formula for determining the confidence interval when N and n is known the 
authors get the following confidence interval. 

CI =  1,96 √   5 300 000 – 100   = 0,09799      + 9,8 per cent 
                      (4) (5 300 000)(100) 
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Thus, by randomly selecting a sample of 100 individuals from the population, the outcome 
will possess the desired attribute within a range of error of +9,8 per cent, 95 times out of 
100. It might be argued that the allowed error is large, but keeping the large population in 
mind the authors are still able to draw confident conclusions even though the sample is 
small. The authors are aware of that the sample may be too small in order to draw exactly 
conclusions of a country, but due to time limitations this was also the most plausible 
sample size. The error could have been reduced with a larger sample but this was not a 
possibility since it would cost to much time. Since SPSS was used to randomly select 100 
individuals it is possible to be sure of a high rate of sample accuracy. SPSS does not favour 
any particular group and applies the concept of random selection. Even with technically 
proper random samples, statistical errors will occur and that is something that the authors 
cannot affect. 

3.5.2 Sample of funds 

From the 933 funds that have been in the PPM system, a sample of 50 funds has been 
constructed in order to create the efficient frontier. The PPM system has divided all funds 
into four major types of funds: stock funds, bond funds, blend funds and generation funds. 
Each category of fund consists of different number of funds where stock funds are the 
largest. To keep the proportionality of each type of fund in the sample four different 
random selections has been made, each for every fund type. SPSS was used to get a 
randomly selection among the four types of funds. To be able to work with the sample and 
get a reliable result the authors choose to measure the performance of funds in the last 
three years. The limitation of the performance to the last three years was done because it 
has been used in recent studies and the firm Morningstar uses it for their rating of funds 
(Morningstar Inc, 2005). 

According to these reasons, two constraints to make a random selection from was worked 
out for SPSS: 

The fund would have to be active the day the selection was done, 2005-03-28. 

The fund would have to be active in at least three years. 

3.6 Computer software used 

To be able to answer the problem statement of this thesis the authors have utilized mainly 
three computer software’s; SPSS, Excel and MATLAB. 

3.6.1 SPSS 

The manufacturers of SPSS describe their own software as “the best software for solving business 
and research problems using statistics” (SPSS, 2005). 

As mentioned in chapter 3.4.2 SPSS was used to randomly select the sample size from the 
one received from PPM but also to limit the amount of funds to work with. The software 
creates a normally distributed and valid sample. SPSS is relative easy to use due to the point 
and click interface that allows the user to pull down menus to select commands. SPSS can 
manage any number of variables or cases, as long as there is space on the computer disk 
(UCLA, 2005). 
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Within the random sample the function Exactly was used. The function works as “A user-
specified number of cases. You must also specify the number of cases from which to generate the sample. This 
second number should be less than or equal to the total number of cases in the data file” (Universität 
Zürich, 2005). 

3.6.2 Microsoft Excel 

The most work was done in Microsoft Excel in which expected return, standard deviation 
and covariance for each of the fifty funds chosen were calculated. By adapting to the Excel 
world of formulas the authors simplified the calculations considerably. Microsoft Excel was 
also used to calculate the standard deviations and returns for each of the individual’s 
portfolio. 

3.6.3 MATLAB 

Through an extensive research of suitable financial data software the authors ended up 
with a software named MATLAB. This was the one most recommended by teachers, 
universities and companies that were contacted. Mikael Elhouar from Stockholm School of 
economics (M. Elhouar, personal communication, 2005-04-05), and Mats Kjaer (M. Kjaer, 
personal communication, 2005-04-04) and Kalle Erlandzon (K. Erlandzon, personal 
communication, 2005-04-04) from the School of Economics in Gothenburg were some of 
the teachers that recommended it. One indication that MATLAB is an accepted software is 
that the well known researcher and Nobel Price winner William F Sharpe also is using 
MATLAB (Stanford University, 2005). 

MATLAB is a computer software that contains an advanced technical language and an 
environment for algorithm development, data visualization, data analysis, and numerical 
computation. MATLAB can solve computing problems faster than with traditional 
languages as C, C++ and FORTRAN. MATLAB was designed to be a large-scale array 
processor namely to handle large quantities of data given by vectors or matrixes 
(MathWorks, 2005). 

The software can be used in a wide range of applications. For this thesis the Financial 
Toolbox  was used which provided functions that computed and graphed risks, variances, 
rates of return, and the efficient frontier of the portfolio (MathWorks, 2005). 

“MATLAB® and the Financial Toolbox provide a complete integrated computing environment for 
financial analysis and engineering. The toolbox has everything you need to perform mathematical and 
statistical analysis of financial data and display the results with presentation-quality graphics” 
(MathWorks, 2005). 

Frontcon is one of the functions that are included in the financial toolbox and aims to 
create a mean-variance efficient frontier based on a number of arguments. This was done 
by using three variables; expected return, expected covariance and the numbers of portfolios on the 
efficient frontier, which are briefly explained below. Finally frontcon generates a plot of the 
efficient frontier (MathWorks, 2005). 

• ExpReturn; a vector with information about the expected return of each asset. 

• ExpCovariance; a matrix specifying the covariance of asset returns. In other words, 
it is a square matrix that represents the interrelationships between pairs of assets. 

 19



 

• NumPorts; the number of portfolios generated along the efficient frontier. Returns 
are equally spaced between the maximum possible return and the minimum risk 
point.  

(MathWorks, 2005). 

Excel Link works as a bridge between MATLAB and Excel. The functions of Excel Link 
make it possible to integrate and import information from the spreadsheets in Excel into 
MATLAB (MathWorks, 2005). Expected return and covariance were calculated in excel 
and then imported into MATLAB where a graph of the efficient frontier was conducted. 

With this software it was possible to import the data from Excel and create an efficient 
frontier, which was essential in order to find an answer to the problem statement. 

3.6.4 Photoshop 

Adobe Photoshop CS is an image-editing program that is created to edit and process visual 
material as images (Photoshop, 2005). With this software the plots for each individual in 
the figure 4.1.1 were created. 

 

3.7 Criticism of the method used 

When doing a study like this it is impossible to be fully objective as a writer. However, it is 
crucial to stay as objective as possible to present a trustworthy result. This is achieved 
through the use of relevant data, logical conclusions, a neutral approach in the analysis of 
data and balance between different interests on the subject studied (Eriksson & 
Wiedersheim-Paul, 2001). As stated in chapter 3.3 the authors have used appropriate and 
reliable literature as a theoretical framework. The data used in this thesis comes from PPM 
and Morningstar which are reliable sources and ought to be correct. Even though there is 
always a possibility that some error have slipped into the data. The methodology literature 
mentions several possible errors that can occur within a thesis but the most important to 
mention are the ones of low validity and low reliability (Zikmund, 2000), (Cooper & 
Schindler, 2001). 

3.7.1 Validity 

The term validity can be explained as the ability of a scale or an instrument to measure 
what is intended to be measured. It is crucial to ask if the test really measure what its 
designer claims it does (Zikmund, 2000). So the authors have to ask themselves the 
following question; does this test really measure if the Swedes pension portfolios within 
PPM are diversified? 

An aspect that affects the validity of this thesis is the initially poor knowledge of computer 
software used and especially about MATLAB. Since it was the first time the authors faced 
this software, which is quite extensive, tutorials provided by MathWorks were used to 
create the efficient frontier. The question is whether right instructions have been followed 
and if they really measures what they were intended to. There may also be a better, more 
efficient, solution to the problem provided by MATLAB that the authors were not aware 
of. However, what can be assured are that the instructions received from the MathWorks 
tutorial have been followed exactly, which ought to reduce the number of possible errors. 
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To answer the question if this test really measures a level of diversification among Swedish 
pension savers, the reply must be that it does. Only well-known and generally accepted 
theories have been used in this thesis, which supports the claims of high validity. 

3.7.2 Reliability 

Reliability of a work can be explained as the degree to which measures are free from error 
and because of that yields reliable results. Such errors can be that a source has given wrong 
or skewed information but also mistakes that the researchers do unconscious, which affects 
the outcome of the study (Zikmund, 2000). 

According to Saunders, Lewis and Thornhill (2003), reliability can be estimated by the 
following three questions: 

1. Will the measures yield the same results on other occasions? 

2. Will similar observations be reached by other observers? 

3. Is there transparency in how sense was made from the raw data? 

(Saunders, Lewis & Thornhill, 2003). 

When measuring the reliability of this thesis several aspects need to be taken into account. 
The extensive work with calculating expected return, covariance and weights for each 
individual in the sample conveys a risk of errors. The authors may have accidentally forgot 
a number or been writing a wrong number somewhere in the calculations. To avoid this, 
the sample and all calculations have been checked twice, which does not exclude the 
possibility of errors within the study but it certainly minimizes them. Another source for 
errors is the size of the sample. It can be argued that a sample of 100 individuals is too 
small to represent the behaviour of the pension savers in Sweden. As a justification, 
theories that support the sample size are included in the methodological part of the thesis. 
The selection of the sample can also be guaranteed a high reliability since it was made 
through SPSS. 

The conclusion is that with high probability, the same results will be given if the study 
repeats, given that the same procedures are used. Also other observers would yield the 
same, or almost identical, results if applying the same method, tools and inputs as in this 
study. The authors fully consider that there is transparency in how sense was made from 
the raw data and that the thesis proves a high reliability. 
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4 Empirical part and analysis 
In this part, the empirical findings combined with the authors analysis will be presented in different sections. 
The empirical findings will open each section followed by an analysis connected to the frame of reference. 
Each section constitutes a brick in the wall that will contribute to the answer of the purpose in this thesis. 
Finally a short analysis for further studies will be presented. 

 

4.1 The efficient frontier of the PPM system 

To be able to answer if the Swedish pension portfolios within the PPM system are 
diversified the authors first have to find a diversified portfolio that can be compared with 
the individual portfolios. The theory chapter 2.2.9 states that the portfolio with the best 
combination, due to diversification, the investment have to offer is on the efficient frontier. 

4.1.1 Creation of the efficient frontier 

The creation of the efficient frontier started by making a sample of the total funds within 
the PPM system. For more information about how the sample was done see chapters 3.5.2 
and 3.6.2. The sample can be seen in Appendix A. Information about the chosen funds was 
gathered from Morningstar and expected return and covariance was calculated according to 
the chapters 2.2.3 and 2.2.5, both found in the frame of reference.  

This information in the form of an expected return vector and a covariance matrix (see 
Appendix C) worked as input, through the use of an excel link, to the computer software 
MATLAB. More information about MATLAB can be found in the chapter 3.7.3. The 
financial toolbox with the function Frontcon was used to calculate and plot the efficient 
frontier, further details about this is found in the same chapter as MATLAB. 

From the information given to the function Frontcon, it calculated and plotted the mean-
variance efficient frontier. The image of the efficient frontier was then inverted in order to 
let the authors use Kandel and Stambaugh’s (1995) method presented in chapter 2.2.9. The 
complete figure is shown in figure 4.1.1.  
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Figure 4.1.1 Mean-variance efficient frontier of the PPM system (authors computation, 2005). 

4.1.2 Analysis of the efficient frontier 

The Creation of the efficient frontier ended up in a plot showing the efficient frontier for 
the sample of funds. In figure 4.1.1 the frontier have an intercept on the expected return 
axis of 5,5 per cent, because the fund with the risk-free return is located here. This implies 
that if investing here, a 5,5 per cent return will be received at no risk. This point is referred 
to as V by Ramaswamy (2003). From the intercept the efficient frontier starts off with a 
steep curve that becomes less steep in two breaking points at standard deviation 0,7 per 
cent and 14,4 per cent. The sharpness of the breaking points can be explained by the 
sample of 50 funds. With a larger number of funds, in the sample, the breaking points 
would be smother and a softer curve would probably be attained. As figure 4.1.1 shows the 
slope of the efficient frontier is steadily decreasing as the risk and return are increasing. 
This is explained by the phenomena of diminishing increments of expected return by Reilly 
and Brown (2003) in chapter 2.2.8. The point with the highest risk and the highest return is 
what Ramaswamy (2003) refers to as S.  
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4.2 Risk and Return for the individual portfolios 

With information about the efficient frontier for the PPM system a diversified portfolio is 
defined. With the efficient frontier, the individuals risk and return have something to be 
benchmarked against. 

4.2.1 Calculation of the individual portfolios 

The calculation of the risk and return for the individuals portfolios started with a creation 
of a sample to represent the whole population of the Swedish pension savers within the 
PPM system, details about this can be found in the chapter named 3.6.1. For information 
about the sample of individuals see Appendix B. Information about the chosen funds for 
each individual was gathered from Morningstar and expected return and standard deviation 
was calculated in Excel according to the chapters 2.2.3 and 2.2.6 both found in the frame 
of reference. The portfolios contained different numbers of funds, therefore the authors 
created five separate spreadsheets found in appendix D, E, F, G and H. 

The coordinates where each portfolio is located was calculated and pointed out, through 
Photoshop. The standard deviations and returns for each portfolio can be seen in 
Appendix I. The plots were added to figure 4.1.1 in order to create figure 4.2.1. 

 

Figure 4.2.1 Individual portfolios (authors computation, 2005). 
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4.2.2 Analysis of the individual portfolios 

When benchmarking the individuals portfolios against the efficient frontier, markable low 
results are revealed. This is clearly shown in figure 4.2.1, in which the majority of the 
sample yield negative returns in combination with a high risk. The portfolios in the sample 
seems to be similar because they are strongly concentrated in a cluster. From the figure 
4.2.1, the authors have identified a tendency for the portfolios to be distant from the 
efficient frontier. Moving left, closer to the efficient frontier provide the same return but 
with a lower amount of risk. This implies that the Swedish pension savers hold clearly 
undiversified and unprofitable portfolios within the PPM system. 

4.3 The level of diversification for each portfolio 

With all individual portfolios plotted out, the distance between each portfolio and the 
efficient frontier were to be measured. This was done using the methods and formulas 
described in the chapter 2.2.9. 

The individuals portfolios were benchmarked against the efficient frontier. The distance 
between the individual portfolios and the portfolio on the efficient frontier, with the same 
return but with lower standard deviation, were measured in order to identify the level of 
diversification. The method was used according to the chapter 2.2.2 which states that 
individuals are fundamentally risk averse in the sense that, given a choice between two 
assets with equal rates of return, they will always select the asset with less risk. 

Efficiency Measure

92

8
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Number of Induviduals

0,5 - 0
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Figure 4.3.1 Efficiency Measure (authors computation, 2005). 

The efficiency measure was calculated; the full information about this is found in appendix 
I. The result was divided within the same categories as Kandel and Stambaugh (1995), 
figure 2.2.2 in 2.2.9, and presented in figure 4.3.1. The figure 4.3.1 shows that the investors 
in the sample only lies within two categories; eight individuals in the range 0,5 to 0 of 
efficiency measure and 92 individuals within the range 0 to -0,5 of efficiency measure. 

4.3.1 Analysis of the level of diversification for each portfolio 

The empirical findings presented in chapter 4.3 shows that the individuals funds are 
insufficient diversified. Only eight of the portfolios can be classified as diversified and they 
all lie in the range of 0,5 to 0 in the efficiency measure, which is the lowest of the three 
categories classed diversified by Kandel and Stambaugh (1995). As much as 92 portfolios 
out of 100 are located below the point that Ramaswamy (2003) calls exceedingly 
undiversified. These portfolios have a negative efficiency measure in the range from 0 to -
0,5. All portfolios in the sample have a low measure of efficiency which implies that they 
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are poorly diversified. The finding that the individual portfolios are only found in two of 
the six categories implies that they are all quite similar in their efficiency measure of 
diversification, no one have reached a really good diversification, nor a really bad one.  

Even if eight of the portfolios is classified as diversified, this should according to Reilly and 
Brown (2003) not be seen as a complete protection since macro-economical effects always 
occur. These macro-economical outcomes can affect a portfolio even if it is diversified. 
Diversification should according to Morningstar Inc (2005) not be seen as a complete 
protection against short-term plunges. Hence, the individuals need to take the macro-
economical effects into account and at the same time strive for diversification.   

4.4 The fund selection of the individuals and how the portfolios are 
compounded. 

The distribution of the funds that the 100 individuals possess can be seen in figure 4.4.1. 
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Figure 4.4.1 Number of funds in the individual portfolios (authors computation, 2005). 

As seen in figure 4.4.1, there are 43 individuals that possess five funds in their portfolio, 14 
individuals that own four funds, 14 individuals that have three funds, 14 individuals that 
possess 2 funds and finally 15 individuals that own only one fund in their portfolio. Out of 
these 15 individuals, there are 13 that have not made an active choice. Their money have 
automatically been placed in premiesparfonden, as explained in chapter 1.1. The 100 
individuals have in total 356 funds in their portfolios which states that every pension saver 
on average has 3.56 funds in their portfolios. 

The types of funds that the portfolios consist of can be seen in figure 4.4.2. 
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Figure 4.4.2 Types of funds in the portfolio (authors computation, 2005). 

 
As seen in figure 4.4.2, there are 97 individuals that have stock funds in their portfolios, 17 
individuals own blend funds, 14 pension savers possess bond funds and 21 individuals 
have generation funds in their portfolios. Out of these 100 individuals 48 possess only 
stock funds in their portfolios. 

4.4.1 Analysis of the fund selection of the individuals and how the portfolios are 
compounded. 

As the authors already have stated earlier in chapter 4.3.1, are the pension savers portfolios 
insufficient diversified. In order to identify possible reasons and further arguments for the 
statement of the undiversified portfolios it is appropriate to look at the portfolios and their 
composition. 

When it comes to the number of funds in the portfolios, the average is 3.56 funds. This 
number indicates an awareness of the importance to select funds, but it is not an optional 
number when the maximum is five. There is no study that recommends owing a certain 
number of funds but with more funds in the portfolio there is a higher probability for 
lower correlation and lower risk if the investor follows some investment rules stated by 
Logue and Rader (1998). With more securities in the investors portfolio the portfolio 
behaves more like the fully diversified market portfolio.  43 per cent of the individuals have 
five funds which are good but as much as 28 per cent have only two or one fund in their 
portfolio. A notable finding here is that 13 per cent of the individuals have not made an 
active choice at all and therefore are their savings placed in the fund premiesparfonden, as 
explained in chapter 1.1. By only selecting more funds an individual portfolio will not be 
more diversified but the authors of this thesis believes that by selecting the maximum 
number of funds it is possible to gain a higher possibility of achieving diversification. The 
authors claim this because it is easier to allocate different assets across asset classes, within 
asset classes and across regions and countries if an investor owns the maximum amount of 
funds. The pension saver can then spread the means and are therefore not putting all the 
eggs in the same basket. But it is of course important to not only choose many funds, an 
pension saver also needs to spread the risk between different categories of funds. 

A finding regarding the individuals is that so many of them only own stock funds in their 
portfolios. As presented in chapter 4.4 are 48 per cent of all the portfolios consisting of 
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only stock funds and only 14 per cent of the individuals have bond funds in their 
portfolios. As PPM (2005) states in chapter 2.2.10 are stock funds in general considerable 
more risky and volatile than the other types of funds and therefore are the findings of the 
high proportion of them in the portfolios remarkable. The low share of bond funds in the 
portfolios are another remarkable issue since these funds in general gives a more stable 
return and also the lowest risk. 

As Logue and Rader (1998) recommend and state in chapter 2.2.7 diversification is 
achieved through allocating assets in a portfolio across different asset classes such as bonds 
and stocks. A similar idea is expressed by Morningstar, also in chapter 2.2.7, that mentions 
the importance of owing different types of funds in the portfolio. By applying these 
theories to the empirical world of PPM and the Swedish pension savers it is noticeable that 
these savers have not taken these recommendations into account when selecting funds. 
Most of the individuals take too much risk when only investing in stock funds. 

The same categories of funds are also in general relatively more correlated which according 
to Reilly and Brown (2003) means that their value moves in the same or similar direction.  
The implication for the 48 per cent that only possess stock funds in their portfolios is that 
if one of the funds performs poorly it is a high probability that also the other/others will 
have the same performance because of the high correlation. This problem can be solved by 
redistributing assets to more bond funds or blend funds which will reduce the risk of the 
portfolio significantly. By doing this there will also be a higher probability that the funds 
will not follow each other in the same direction. One of the benefits of diversification is 
according to Reilly and Brown (2003); combining assets that are not perfectly correlated 
does not affect the expected return of the portfolio, but it does reduce the risk of the 
portfolio. Morningstar (2005) claims in chapter 2.2.7, that the beauty of diversification is 
the potential to limit the losses in a downturn. This potential has not been captured by the 
Swedish pension savers. 

4.5 Standard deviations and returns for the portfolios 

The standard deviations for the portfolios are variable with a range of 31,59 per cent which 
stems from a minimum of 0,88 per cent and a maximum of 32,47 per cent. The mean 
standard deviation for the portfolios is 21.5369 per cent and the median is 21.57 per cent, 
as shown in Appendix K. 

The returns of the portfolios are also variable. The portfolio with the lowest return in the 
sample shows a return of -11.75 per cent and the best portfolio shows a return of 17.63 per 
cent. The mean return is -0.779 per cent and the median is -0.83 per cent. For all returns 
and standard deviations see appendix K and J. 

4.5.1 Analysis of standard deviation and returns for the portfolios 

By looking at the standard deviations and the returns for the portfolios it is clearly shown 
that these standard deviations are high compared to the returns. This can be connected to 
the statement of Strong (2000) in chapter 2.2.4 where he concludes that the larger the 
variance and standard deviation are the greater is the dispersion, uncertainty and risk. In 
this case it means that the individuals are taking larger risks than they need to. Even if the 
authors do not know anything about the risk preferences of the individuals it is appropriate 
to consider Reilly and Brown’s (2003) statement, in chapter 2.2.2, where they conclude that 
investors require a higher rate of return to accept higher risk. It seems that the individual 
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portfolios consist of funds that shows high standard deviations but at the same time 
performs poorly. One explanation for the high standard deviation stems from the finding 
already discussed in chapter 5.4 that 48 per cent of the individuals only possess stock funds 
in their portfolio. The standard deviation will be higher for a portfolio only consisting of 
stock funds than for a portfolio that have different types of funds. When it comes to the 
retirement amount it is, by looking at the returns of the portfolios, possible to identify 
likely ominous consequences already. The mean return for the individuals in the sample is -
0,779 per cent. The average return so far for all the individuals in the PPM system is -5 per 
cent as stated by Morningstar (2005) in chapter 1.2. It is surprising that these individuals 
choose funds that are so risky in their portfolios because these risk takings can have 
consequences on the final retirement amount. 

The benefit of diversification is according to AIM investment insight (2000) an increased 
potential of higher returns in the long run by minimizing the risk and reducing the negative 
effects of market volatility of the individual portfolio. Reilly and Brown (2003) express 
similar thoughts where they state that by diversifying it is possible for investors to 
experience both lower risk and higher return. The Swedish pension savers have not taken 
advantage of these benefits of diversification and therefore most of them are holding 
undiversified portfolios with unnecessary large risks. 

4.6 Analysis for further studies 

As the authors have stated in chapter 4.3.1 is the Swede’s pension portfolio within the 
PPM system insufficient diversified. But why is this the case, when it is known that the 
consequences from an undiversified portfolio could be grave. This short chapter should 
not be looked as it tries to deliver answer to these questions rather give them some light. 
The reader should keep in mind that this short section does not contribute to the purpose 
of this thesis, but it is usable for the section for further studies. 

Statman (1987), state that people may ignore the benefits of diversification and if so, that 
more information could be a solution. From the study conducted by Hörnsten (2004), 48 
per cent of the pension savers feel that they have far from enough knowledge to handle 
their own fund choices. Statman (1987) is careful and want to have more knowledge about 
the investor’s goals and preferences before concluding that more education is needed. If 
more information would be distributed to the PPM investors, would it be absorbed and 
used, or could it be some other reasons for the bad diversification? 

The rational individual should always compare the marginal benefit to the costs when 
determining the optimal level of diversification (Statman, 1987). Perhaps this is what the 
Swedish people have done. The individuals that have an undiversified portfolio do not 
think it is worth spending the time of getting information to make a diversified selection. If 
this is the case, more information offered will probably not help. 

Investors with limited mean have in a larger proportion an undiversified portfolio 
according to (Blume and Friend, 1975). Only 13,5 per cent of the money devoted to 
pension goes to the PPM system and can be invested individually. With such a small part 
people may not find it necessary to invest them in a wise way. This theory is supported in 
chapter 2.2.2 were Reilly & Brown (2003) states that individuals are ready to play at the 
casinos even if they know that the expected return is negative. This is explained by an 
attitude toward risk that depends on the amount of money involved. 
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5 Conclusion 
In this chapter, the authors will fulfil the purpose of the thesis through answering the problem statement. 
Here, in the ending part of the thesis, the authors merge all the pieces of the puzzle to finally behold the 
conclusion of the thesis. Suggestions for further studies will be given followed by suggestions to improve the 
situation with the Swedes pension savings in implications for management. Finally the authors own 
reflections about the thesis will be presented.     

 

5.1 Final Conclusions 

From the figure 4.2.1, visualizing the efficient frontier and the individual portfolios, it 
appears like the individual portfolios are gathered in a cluster around the area which 
Ramaswamy (2003) defines as exceedingly undiversified. This finding imply that the main 
part of the Swedish pension savers hold poorly diversified portfolios with a high amount of 
risk combined with low rates of return. From the measure of efficiency the authors 
conclude that only eight out of 100 portfolios are classified as being diversified. The 
diversified portfolios are found in the lowest category, among the diversified categories, 
while the poor diversified portfolios are found in the category below the area named 
exceedingly undiversified. This supports the conclusion that all the portfolios are badly 
diversified and that the portfolios are similar in their behaviour. 

The average number of funds for the individuals are 3.56 but as much as 28 per cent of the 
sample possess only one or two funds in their portfolio. No study states that a portfolio 
becomes more diversified by selecting more funds, but the authors claim that it is easier to 
achieve a diversified portfolio by increasing the amount of funds and by following some 
investment rules stated by Logue and Rader (1998). The authors claim is supported both 
from Statman (1987), Evans and Archer (1968) which states that a portfolio will get more 
diversified as more securities ads to the portfolio. From this an interpretation can be drawn 
that the amount of funds in the portfolio affects the level of diversification, if the funds are 
not perfectly correlated. 

Another finding was that 48 per cent of the individuals only have stock funds in their 
portfolios. Both Logue and Rader (1998) and Morningstar (2005) stresses the importance 
of allocating the investments across different asset classes to achieve a diversified portfolio. 
The argument of correlation, that funds in the same asset class tends to move together, also 
supports the statement that individuals take too much risk when only investing in stock 
funds. This finding is also confirmed by looking at the standard deviations of the 
portfolios. The individuals are taking very large risks compared to the returns. 

Even if a diversified portfolio is something to strive for it should always be remembered 
that macro-economical effects can occur. As Morningstar (2005) states can diversification 
not be seen as a complete protection against these macro-economical effects.   

When starting to write this thesis the authors asked themselves whether the Swede’s pension portfolio within 
the PPM system was diversified and in what range. The conclusion of the thesis states that the Swede’s 
pension portfolio is insufficient diversified; in the range that only eight of 100 portfolios can be classified 
diversified and those with a low level of diversification. 
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5.1.1 Further Studies 

This thesis states that the Swede’s pension portfolio is poorly diversified. Therefore the 
authors consider that the most important issue for further studies are the underlying 
reasons for the undiversified portfolios. It would be interesting to conduct a study to 
conclude whether the Swedish people have or have not sufficient knowledge in order to 
handle their fund selection. Could it be that the Swedish people are aware of their 
insufficient knowledge but think that the marginal benefit is too low? Could it be that the 
risk attitudes of the Swedish pension savers are affected by that only 13.5 per cent of the 
pension is invested in the PPM system? Are there any differences among the demographic 
groups and are there any differences in attitudes among pension savers? These are 
questions that the authors find interesting for further studies. 

5.1.2 Implication for management of the PPM system 

The conclusion of the thesis; that the Swede’s pension portfolio within PPM is insufficient 
diversified is to grave to neglect. The suggestion to the management of the PPM system is 
to do further studies with aim to get knowledge; why the investments are poorly diversified 
and find ways to transform the suggestions of the study into practice.  

5.1.3 The authors own reflections  

After six months work the thesis is finally finished to be shown for the outside world. A 
clear answer to the purpose has been found, and the authors can finally state that the 
Swede’s pension portfolio within the PPM system is poorly diversified. The conclusion was 
not far-off for the authors but that the portfolios would be so poorly diversified was 
surprising and frightening.  

The amount of work that has been put into this bachelor thesis has surprised all the 
authors. More time than first expected has been devoted to the information research and 
calculations. During the work the authors have hit a few bumps and the authors would like 
to share three of them to the reader. The first was to find a measure of efficiency. Without 
making a mountain of a mull hole the largest bump was to find a way to calculate and plot 
the efficient frontier. More than one month was spent to find a method to perform this 
task. The last bump was hit when the calculation of the individual portfolios were to be 
made. With hard work, patience and good connections all these problems have been 
solved. By solving the problems the authors realized the benefit of global communication, 
mail has been sent all over the world and information has been retrieved from internet. 
That the reality is more complex than the theories was known to the authors but the 
authors had never expected to meet such large problems to use the theoretical framework 
in the empirical world. Despite these problems and simplifications the authors are 
confident that the conclusion of the thesis is reliable and valid. 
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Appendix A: The sample of 50 funds 

The Ashburton Dollar Fixed IncomeAsset Management Fund 
Alfred Berg Penningmarknadsfond 
Evli European High Yield 
Finter Fund EUR Bonds 
Firstnordic Sverige Obligationer 
Folksams Penningmarknadsfond 
Lux Ränta (Svenska Selection Fund Swedish Short Term Assets) 
JPMF Liquidity Funds - Euro Liquidity Fund 
Carlson Utlandsfond 
Aktia Capital 
ABIF Norge acc 
ABIF Norden acc 
ABIF Kapital acc 
Gambak Inc 
AXA Rosenberg Europé Ex-UK Equity Alpha Fund B Acc 
Banco Försiktig 
Alfred Berg Pension Offensiv 
Banco Etisk Sverige Pension 
Baring Global Emerging Markets Fund $ Inc 
Baring Global Resources Fund $ Inc 
Carnegie Worldwide 
CAF Asian Growth Classic Acc 
Credit Suisse Equity Fund (Lux) Global Resources B Acc 
Öhman Sverigefond 
Fiduciary US Smaller Companies Fund E Acc 
FIM Fenno Acc 
Finter Fund Emerging Markets Acc 
Folksams Aktiefond Japan 
Folksams LO Sverige 
Fondita Nordic Small Cap B 
HQ Tillväxtmarknadsfond 
JPMF Emerging Markets Equity Fund A Inc 
JPMF Emerging Markets Select Equity Fund A Inc 
MLIIF European Fund 
Robur Europafond MEGA 
Sampo Nordamerika Aktie 
Svenska Kyrkans Värdepappersfond 
UBS (Lux) Equity Fund - Eco Performance 
UBS (Lux) Equity Fund - Euro Countries 
BL - Global Asset 50 
Finter Fund Yield Portfolio 
KPA Etisk Blandfond 1 
Aberdeen International India Opportunities Fund 
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WestAM Compass Fund European Convergence Fund 
Morgan Stanley SICAV Japanese Equity Growth Fund 
CA-Funds Japan 
Credit Suisse Equity Fund (Lux) Latin America 
Storebrand Norden 
Länsförsäkringar Pension 2020 
SEB Generationsfond 60-tal 
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Appendix B: The sample of 100 individuals 

Individual 
nr: PPM-ID: Fund nr: Fund name: Type of fund: 
1 1069693591 964171 Robur Europafond MEGA Stock Fund 
  348987 Carnegie Fund - Nordic Markets sub-fund Stock Fund 
  819029 Carlson Fund Equity Global Emerging Markets Stock Fund 
  285825 HQ Tillväxtmarknadsfond Stock Fund 
  313 155 Carnegie Fund - Medical sub-fund Stock Fund 
2 1089587328 520221 JPMF Funds - Japan Equity Fund Stock Fund 
  688457 Kaupthing Kina Stock Fund 
  290072 Aktiespararna Topp Sverige Blend Fund 
  269415 JPMF Funds - Eastern Europe Equity Fund Stock Fund 
  249995 HQ Rysslandsfond Stock Fund 
3 1185591133 450981 ODIN Sverige Stock Fund 
  860932 Robur Småbolagsfond Norden Stock Fund 
4 1185607624 378737 CA-Funds Japan Stock Fund 
  941096 Folksam LO Världen Stock Fund 
  976928 Folksam LO Sverige Stock Fund 
5 1304011641 229922 SEB Läkemedelsfond Stock Fund 
  972679 SEB Generation Fund 50-tal Generation Fund 
6 1304021343 126094 Länsförsäkringar Internetfond Stock Fund 
  678128 Öhman Etisk Index USA Stock Fund 
  224493 KPA Etisk Blend Fund 2 Blend Fund 
  273078 Aktie-Ansvar Europa Stock Fund 
  642298 Öhman Etisk Index Pacific Stock Fund 
7 1370866952 797779 Folksams Tjänstemannafond Världen Stock Fund 
  833608 Folksams Tjänstemannafond Sverige Stock Fund 
8 1480946438 439471 Skandia Fond  Time Global Stock Fund 
  319236 Robur Amerikafond Stock Fund 
  441899 Baring North America Fund Stock Fund 
  475301 Skandia Fond Stock Fund Världen Stock Fund 
  686030 Folksams Stock Fund Europa Stock Fund 
9 1480984265 785022 Robur Stock Fund Pension Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
  610121 AMF Pensions Balansfond Blend Fund 
10 1523194790 152835 Carlson Lärarfond 28-44 år Blend Fund 
  511139 Skandia Fond Stock Fund USA Stock Fund 
  224493 KPA Etisk Blend Fund 2 Blend Fund 
  117002 Carlson Lärarfond 45-58 år Blend Fund 
  752204 Robur Rysslandsfond Stock Fund 
11 1523204490 370825 Carnegie Fund - Technology sub-Fund Stock Fund 
  262741 Baring Global Resources Fund Stock Fund 
  396325 FIM Russia Placeringsfond Stock Fund 
  562728 ODIN Norge Stock Fund 
12 1523235527 283408 Robur Contura Stock Fund 
  384818 Carnegie Fund - Worldwide sub-fund Stock Fund 
  323485 Nordea Premiepensionsfond 1965-69 Generation Fund 
  707281 Länsförsäkringar Pension 2030 Generation Fund 
13 1591045311 844522 SPP Generation 80-tal Generation Fund 
  498972 SPP Generation 70-tal Generation Fund 
14 1638720818 785022 Robur Stock Fund Pension Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
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  749788 Öhman Hjärt-Lungfond Stock Fund 
  528133 Länsförsäkringar Sverigefond Stock Fund 
  463141 SPP Generation 60-tal Generation Fund 
15 6692044451 573055 Robur Mix Indexfond Sverige Blend Fund 
  515973 Banque de Luxembourg - Global Bond B Bond Fund 
  574293 AMF Pension Bond Fund Sverige Bond Fund 
  717611 Robur Penningmarknadsfond Bond Fund 
  614370 Folksam Penningmarknadsfond Bond Fund 
16 1744500289 840272 Carnegie Småbolag Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
  585216 Sverige Topp 30 Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
  671453 Länsförsäkringar Pension 2035 Generation Fund 
17 1744552668 941096 Folksam LO Världen Stock Fund 
  563965 Länsförsäkringar Totalfond Stock Fund 
  812941 ING (L) Invest IT Stock Fund 
  229922 SEB Läkemedelsfond Stock Fund 
18 1764323205 319236 Robur Amerikafond Stock Fund 
  247577 Robur Finansfond Stock Fund 
  283408 Robur Contura Stock Fund 
  856682 Robur Småbolagsfond Sverige Stock Fund 
  928341 Robur Medica Stock Fund 
19 1800286929 140087 Robur Kommunikationsfond Stock Fund 
  129692 Insight Investment UK Small Cap Fund Stock Fund 
  993865 Insight Investment US Equity Fund Stock Fund 
  829358 SEB Generation Fund 70-tal Generation Fund 
20 1841010437 283408 Robur Contura Stock Fund 
  928341 Robur Medica Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
21 1886473368 645952 AMF Pensions Stock Fund - Världen Stock Fund 
  610121 AMF Pensions Balansfond Blend Fund 
22 1903233992 928341 Robur Medica Stock Fund 
  283408 Robur Contura Stock Fund 
  753442 Robur Globalfond MEGA Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
23 1988207937 427310 SPP Generation 50-tal Generation Fund 
24 1259279128 140087 Robur Kommunikationsfond Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
  814772 Länsförsäkringar Pension 2015 Stock Fund 
25 2034571029 593715 Handelsbanken 30 i Topp Index Stock Fund 
  427310 SPP Generation 50-tal Generation Fund 
26 1017606539 Premiespar  Stock Fund 
27 2201136515 578542 Folksams Obligationsfond Bond Fund 
  785618 Öhman IT-fond Stock Fund 
  943514 Banco Teknik & Innovation Pension Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
  789271 Robur Sverigefond MEGA Stock Fund 
28 2241161622 599795 Länsförsäkringar Trygghetsfond Blend Fund 
  682377 Lux Obligation ( Selection Fund Swedish Bonds) Bond Fund 
  178335 HQ Obligationsfond Bond Fund 
  325902 Alfred Berg Obligationsfond Bond Fund 
  726117 Skandia Fond Kapitalmarknadsfond Bond Fund 
29 2280026611 319236 Robur Amerikafond Stock Fund 
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  492306 Länsförsäkringar Europafond Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
  743112 Länsförsäkringar Pension 2025 Generation Fund 
30 2317967191 109090 Firstnordic Global Teknologi Stock Fund 
  937433 Firstnordic Sverige-Europa Stock Fund 
  252411 Firstnordic Global Index Stock Fund 
31 2317973019 Premiespar  Stock Fund 
32 2337688265 140087 Robur Kommunikationsfond Stock Fund 
  856682 Robur Småbolagsfond Sverige Stock Fund 
  211748 Robur Japanfond Stock Fund 
  964171 Robur Europafond MEGA Stock Fund 
  753442 Robur Globalfond MEGA Stock Fund 
33 2337704757 313155 Carnegie Medical Stock Fund 
  283408 Robur Contura Stock Fund 
  144337 Nordea Tillväxtbolagsfond Stock Fund 
  681783 AMF Pension Stock Fund Sverige Stock Fund 
  645952 AMF Pension Stock Fund Världen Stock Fund 
34 2379957958 749192 Robur Mixfond Pension Blend Fund 
  789271 Robur Sverigefond MEGA Stock Fund 
  463141 SPP Generation 60-tal Generation Fund 
35 2401926517 Premiespar  Stock Fund 
  941096 Folksam LO Världen Stock Fund 
  681783 AMF Pensions Stock Fund - Sverige Stock Fund 
36 2423509986 194092 SEB Teknologifond Stock Fund 
  229922 SEB Läkemedelsfond Stock Fund 
  829358 SEB Generation Fund 70-tal Generation Fund 
37 2444917887 892513 Robur Etik och Miljöfond Stock Fund 
  928341 Robur Medica Stock Fund 
  283408 Robur Contura Stock Fund 
  463141 SPP Generation 60-tal Generation Fund 
  671453 Länsförsäkringar Pension 2035 Generation Fund 
38 2464723348 194092 SEB Teknologifond Stock Fund 
  840272 Carnegie Småbolag Stock Fund 
  327734 Handelsbanken Europa Aggressiv Stock Fund 
  220244 Catella Reavinstfond Stock Fund 
39 2483477322 283408 Robur Contura Stock Fund 
  140087 Robur Kommunikationsfond Stock Fund 
  384818 Carnegie Fund - Worldwide sub-fund Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
40 2502254587 140087 Robur Kommunikationsfond Stock Fund 
  928341 Robur Medica Stock Fund 
  492306 Länsförsäkringar Europafond Stock Fund 
  829358 SEB Generation Fund 70-tal Generation Fund 
  829945 Firstnordic Aktiv Förmögenhetsförvaltning Blend Fund 
41 5496503935 123679 Handelsbanken Utlandsfond Stock Fund 
  475301 Skandia Stock Fund Världen Stock Fund 
  321653 HQ Utlandsfond Stock Fund 
  645952 AMF Pension Stock Fund Världen Stock Fund 
  528133 Länsförsäkringar Sverigefond Stock Fund 
42 2572933631 123679 Handelsbankens Utlandsfond Stock Fund 
  928341 Robur Medica Stock Fund 
  635623 Länsförsäkringar Pension 2040 Generation Fund 
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  471649 UBS (Lux) Equity Fund - Euro Countries Stock Fund 
  789271 Robur Sverigefond MEGA Stock Fund 
43 2672674854 Premiespar  Stock Fund 
44 2672719476 797779 Folksams Tjänstemannafond Världen Stock Fund 
  941096 Folksam LO Världen Stock Fund 
  833608 Folksams Tjänstemannafond Sverige Stock Fund 
  976928 Folksam LO Sverige Stock Fund 
  761940 Folksams Tjänstemannafond Obligation Bond Fund 
45 2835529127 140087 Robur Kommunikationsfond Stock Fund 
  928341 Robur Medica Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
  290072 Aktiespararna Topp Sverige Blend Fund 
46 2893125785 677534 Robur Bond Fund Pension Bond Fund 
  941096 Folksam LO Världen Stock Fund 
  686030 Folksams Stock Fund Europa Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
  641704 Svenska Kyrkans Värdepappersfond Stock Fund 
47 3138008108 Premiespar  Stock Fund 
48 3158621574 610717 Lux Amerika (Svenska Fund America Shares) Stock Fund 
  313155 Carnegie Fund - Medical sub-fund Stock Fund 
  327734 Handelsbanken Europa Aggressiv Stock Fund 
  463141 SPP Generation 60-tal Generation Fund 
49 4218462001 928341 Robur Stock Fund Medica Stock Fund 
  825109 Robur Östeuropafond Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
50 3215195853 420646 Länsförsäkringar Penningmarknadsfond Bond Fund 
  671453 Länsförsäkringar Pension 2035 Generation Fund 
51 3232552069 650200 Folksams Stock Fund USA Stock Fund 
  730366 Carlson Sverigefond Stock Fund 
  Premiespar  Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
52 3266427377 471052 Folksams Stock Fund Asien Stock Fund 
  785618 Öhman IT-fond Stock Fund 
  140673 SPP Aktieindexfond Europa Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
  212332 SPP Aktieindexfond Sverige Stock Fund 
53 3478052278 Premiespar  Stock Fund 
54 3531386755 283408 Robur Contura Stock Fund 
  964767 Öhman Varumärkesfond Stock Fund 
  941096 Folksam LO Världen Stock Fund 
  833608 Folksams Tjänstemannafond Sverige Stock Fund 
  681783 AMF Pensions Stock Fund - Sverige Stock Fund 
55 3531405183 385401 Länsförsäkringar Asien Stock Fund 
  384818 Carnegie Fund - Worldwide sub-fund Stock Fund 
  313155 Carnegie Fund - Medical sub-fund Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
  212332 SPP Aktieindexfond Sverige Stock Fund 
56 3584645578 Premiespar  Stock Fund 
57 3610378706 313155 Carnegie Fund - Medical sub-fund Stock Fund 
  430975 Nordea Premiepensionsfond 1950-54 Generation Fund 
  144337 Nordea Tillväxtbolagsfond Stock Fund 
  108506 Nordea Europafond Stock Fund 
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  528133 Länsförsäkringar Sverigefond Stock Fund 
58 3610381619 645952 AMF Pensions Stock Fund - Världen Stock Fund 
  610121 AMF Pensions Balansfond Blend Fund 
59 3658790432 229922 SEB Läkemedelsfond Stock Fund 
  928341 Robur Medica Stock Fund 
  475301 Skandia Fond Stock Fund Världen Stock Fund 
  175919 Robur Kapitalinvest Stock Fund 
  104844 SPP Stock Fund Sverige Stock Fund 
60 3730944859 914358 HQ Fund - Gorilla Stock Fund 
  290072 Aktiespararna Topp Sverige Blend Fund 
61 3730966200 313155 Carnegie Fund - Medical sub-fund Stock Fund 
  972679 SEB Generation Fund 50-tal Generation Fund 
  463141 SPP Generation 60-tal Generation Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
62 2672686493 218412 Kaupthing Bas Stock Fund 
  903435 Kaupthing Småbolag Stock Fund 
  840272 Carnegie Småbolag Stock Fund 
  220244 Catella Reavinstfond Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
63 3754921311 283408 Robur Contura Stock Fund 
  964171 Robur Europafond MEGA Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
64 3922235645 283408 Robur Contura Stock Fund 
  140087 Robur Kommunikationsfond Stock Fund 
  146753 Premievalsfonden Stock Fund 
  721860 Folksams Stock Fund Sverige Stock Fund 
  578542 Folksams Obligationsfond Bond Fund 
65 4002799963 749788 Öhman Hjärt-Lungfond Stock Fund 
  707281 Länsförsäkringar Pension 2030 Generation Fund 
  463141 SPP Generation 60-tal Generation Fund 
66 4030040480 471052 Folksams Stock Fund Asien Stock Fund 
  283408 Robur Contura Stock Fund 
  943514 Banco Teknik & Innovation Pension Stock Fund 
  140673 SPP Aktieindexfond Europa Stock Fund 
  212332 SPP Aktieindexfond Sverige Stock Fund 
67 4030055024 161927 Lux IT (Svenska Selection Fund Global IT) Stock Fund 
  844522 SPP Generation 80-tal Generation Fund 
  629543 Handelsbankens Europafond Index Stock Fund 
  593715 Handelsbanken 30 i Topp Index Stock Fund 
68 4348042367 291906 Didner & Gerge Stock Fund Stock Fund 
  574293 AMF Pension Bond Fund Sverige Bond Fund 
  313155 Carnegie Medical Stock Fund 
  785618 Öhman IT-fond Stock Fund 
  538462 AMP Pension Europafond EURO Stock Fund 
69 4105567589 283408 Robur Contura Stock Fund 
  229922 SEB Läkemedelsfond Stock Fund 
  176503 SPP Aktieindexfond Japan Stock Fund 
  789271 Robur Sverigefond MEGA Stock Fund 
  933184 Storebrand Norge Stock Fund 
70 4152990882 771030 Lannebo Vision Stock Fund 
  969014 Storebrand Teknologi Stock Fund 
  928341 Robur Medica Stock Fund 
  498972 SPP Generation 70-tal Generation Fund 
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  842690 Lannebo Småbolag Stock Fund 
71 4153000584 785618 Öhman IT-fond Stock Fund 
  176503 SPP Aktieindexfond Japan Stock Fund 

 661124 EP Aktieindexfond Sverige Stock Fund 
  AMF Pensions Stock Fund - Världen Stock Fund 
  291906 Didner & Gerge Stock Fund 
72 4236006400 283408 Robur Contura Stock Fund 

 785618 Öhman IT-fond Stock Fund 
  Robur Globalfond MEGA Stock Fund 
  686030 Stock Fund 
  291906 Didner & Gerge Stock Fund 
73 4295605133 291906 Didner & Gerge Stock Fund Stock Fund 

4310722581 882779 SPP Aktieindexfond Nasdaq 100 Stock Fund 
  Skandia Fond Kapitalmarknadsfond Bond Fund 
  573055 Robur Mix Indexfond Sverige 
  212332 SPP Aktieindexfond Sverige Stock Fund 

 291906 Didner & Gerge Stock Fund Stock Fund 
4310729380 291906 Didner & Gerge Stock Fund Stock Fund 

  300996 Stock Fund 
 515973 Bond Fund 

76 4418379005 152835 Carlson Lärarfond 28-44 år Blend Fund 
 117002 Carlson Lärarfond 45-58 år Blend Fund 
77 4418409073 941096 Stock Fund 
  976928 Folksam LO Sverige Stock Fund 
78 4418432357 117002 Carlson Lärarfond 45-58 år Blend Fund 
 981175 Carlson Lärarfond 59+ Blend Fund 
79 4488680728 Premiespar Stock Fund 
80 4488686543 582791 Skandia Fond Stock Fund Japan Stock Fund 
  475301 Skandia Fond Stock Fund Världen Stock Fund 
 749788 Öhman Hjärt-Lungfond Stock Fund 
  686030 Stock Fund 
  212332 SPP Aktieindexfond Sverige Stock Fund 
81 4510585269 665372 Handelsbankens Flermarknadsfond Blend Fund 

 146753 

 
645952 

Stock Fund 

 
753442 

Folksams Stock Fund Europa 
Stock Fund 

74 
726117 

Bond Fund 

 
75 

BL - Equities America 
 BL - Global Bond 

 
Folksam LO Världen 

 
 

 
Folksams Stock Fund Europa 

 Premievalsfonden Stock Fund 
  384818 Carnegie Fund - Worldwide sub-fund Stock Fund 
  681783 AMF Pensions Stock Fund - Sverige Stock Fund 
82 4551977110 Premiespar  Stock Fund 
83 4593919904 Premiespar  Stock Fund 
84 4635798688 229922 Stock Fund 
  579136 UBS (Lux) Equity Fund - Health Care Stock Fund 
  113340 SGAM Fund Equities Global Quant Bond Fund 
  384818 Carnegie Fund - Worldwide sub-fund Stock Fund 
85 5210236565 247577 Robur Finansfond Stock Fund 
  860932 Robur Småbolagsfond Norden Stock Fund 
  677534 Robur Bond Fund Pension Bond Fund 
86 5234110209 686030 Folksams Stock Fund Europa Stock Fund 
  690289 Skandia Fond Stock Fund Sverige Stock Fund 
  108506 Nordea Europafond Stock Fund 
  498972 SPP Generation 70-tal Generation Fund 
  599795 Länsförsäkringar Trygghetsfond Blend Fund 
87 5234114086 950774 SEB Emerging Markets Stock Fund 
  403642 SkandiaBanken Allt i Ett Försiktig Stock Fund 
  492306 Länsförsäkringar Europafond Stock Fund 

SEB Läkemedelsfond 
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  721860 Folksams Stock Fund Sverige Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
88 5258881099 840272 Carnegie Småbolag Stock Fund 
  229922 SEB Läkemedelsfond Stock Fund 
  943514 Banco Teknik & Innovation Pension Stock Fund 
  901017 SEB Generation Fund 60-tal Generation Fund 
89 5284992522 534800 SPP Obligationsfond Bond Fund 
  574293 AMF Pensions Bond Fund - Sverige Bond Fund 
90 5313484335 364158 UBS (Lux) Equity Fund - Biotech Bond Fund 
  296152 KPA Etisk Stock Fund Stock Fund 
  463141 SPP Generation 60-tal Generation Fund 
  610121 AMF Pensions Balansfond Stock Fund 
  681783 AMF Pensions Stock Fund - Sverige Blend Fund 
91 3803711341 771030 Lannebo Vision Stock Fund 
  146753 Premievalsfonden Stock Fund 
  688457 Kaupthing Kina Stock Fund 
  842690 Lannebo Småbolag Stock Fund 
  249995 HQ Rysslandsfond Stock Fund 
92 5396501781 176503 SPP Aktieindexfond Japan Stock Fund 
  305243 JPMF Funds - Emerging Markets Equity Fund Stock Fund 
  248161 SPP Aktieindexfond USA Stock Fund 
  291906 Didner & Gerge Stock Fund Stock Fund 
  140673 SPP Aktieindexfond Europa Stock Fund 
93 4657776943 283408 Robur Conturafond Stock Fund 
  928341 Robur Stock Fund Medica Stock Fund 
  247577 Robur Finansfond Stock Fund 
  896761 Robur Småbolagsfond Europa Stock Fund 
  785022 Robur Stock Fund Pension Stock Fund 
94 5471389665 140673 SPP Aktieindexfond Europa Stock Fund 
  140087 Robur Kommunikationsfond Stock Fund 
  928341 Robur Medica Stock Fund 
  645952 AMF Pensions Stock Fund - Världen Stock Fund 
  681783 AMF Pensions Stock Fund - Sverige Stock Fund 
95 5471399367 511139 Skandia Fond Stock Fund USA Stock Fund 
  840272 Carnegie Småbolag Stock Fund 
  108506 Nordea Europafond Stock Fund 
96 5471423612 108506 Nordea Europafond Stock Fund 
  287656 Nordea Premiepensionsfond 1970-74 Generation Fund 
97 5826055615 Premiespar  Stock Fund 
98 6202292425 Premiespar  Stock Fund 
99 6475612234 Premiespar  Stock Fund 
100 6670191323 Premiespar  Stock Fund 
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Appendix C: Calculation of input data to MATLAB 
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Appendix D: Individual portfolio with one asset 

 Fund 1    

Returns 2002 -0,27    

Returns 2003 0,187   Input 

Returns 2004 0,101   Output 
     

Expected Return 0,006    
Variance 3,93%    
Standard 
deviation 19,82944%    
     
     
Value in Fund Weight    
14307,018 100,000000%    
     
     
     
     
 100,000000% Should be 1  
14307,018 Tot value    
     
Covariance Fund 1    
Fund 1 3,9321%    
     
Variance terms 3,932067%  Variance 3,932067% 
   Std dev 19,83% 
   Returns 0,006 
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Appendix E: Individual portfolio with two assets 

 Fund 1 Fund 2   

Return 2002 -0,056 -0,18   

Return 2003 0,45 0,385  Input 

Return 2004 0,231 0,292  Output 
     

Expected return 0,208333333 0,165666667   
Variance 4,29% 6,12%   
Standard 
deviation 20,71945% 24,73544%   
     
     
Value in fund Weight    
6385,102128 24,831968% 75,168032%   
19328,13181     
     
     
     
 100,000000% Should be 1  
25713,23394 Tot value    
     
Covariance Fund 1 Fund 2   
Fund 1 4,2930% 4,9080%   
Fund 2 4,9080% 6,1184%   
     
     
     
     
     
Variance terms 1,180830% 4,37317% Variance 5,553996% 
   Std dev 23,57% 
   Returns 0,17626164 
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Appendix F: Individual portfolio with three assets 

 Fund 1 Fund 2 Fund 3   

Return 2002 -0,285 -0,377 -0,349   

Return 2003 0,049 0,081 0,305  Input 

Return 2004 0,007 0,025 0,193  Output 
      

Expected return -0,076333333 -0,090333333 0,049666667   
Variance 2,21% 4,16% 8,16%   
Standard 
deviation 14,854255% 20,398911% 28,558400%   
      
      
Value in Fund Weight     
6229,067852 16,175131% 35,785442% 48,039427%   
13781,0288      
18500,05742      
      
      
 100,000000% Should be 1   
38510,15407 Tot value     
      
Covariance Fund 1 Fund 2 Fund 3   
Fund 1 2,2065% 3,0301% 4,2378%   
Fund 2 3,0301% 4,1612% 5,8188%   
Fund 3 4,2378% 5,8188% 8,1558%   
      
      
      
      
Variance terms 0,562419% 1,70858% 3,211796% Variance 5,482793% 
    Std dev 23,42% 
    Returns -0,0208136 
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Appendix G: Individual portfolio with four assets 

 Fund 1 Fund 2 Fund 3 Fund 4   

Return 2002 -0,6 -0,169 0,199 -0,319   

Return 2003 0,517 0,243 0,609 0,506  Input 

Return 2004 -0,102 -0,047 0,187 0,582  Output 
       

Expected return -0,061666667 0,009 0,331666667 0,256333333   
Variance 20,88% 2,99% 3,85% 16,65%   
Standard 
deviation 45,69043% 17,27966% 19,61655% 40,80035%   
       
       
Value in fund Weight      
12037,13294 24,575327% 25,000492% 25,023252% 25,400929%   
12245,38115       
12256,52922       
12441,51755       
       
 100,000000% Should be 1    
48980,56086 Tot value      
       
Covariance Fund 1 Fund 2 Fund 3 Fund 4   
Fund 1 20,8762% 7,7830% 7,9246% 14,7020%   
Fund 2 7,7830% 2,9859% 3,2204% 4,7531%   
Fund 3 7,9246% 3,2204% 3,8481% 3,2818%   
Fund 4 14,7020% 4,7531% 3,2818% 16,6467%   
       
       
       
Variance terms 3,144069% 1,16811% 1,138343% 2,50225% Variance 7,952775% 
     Std dev 28,20% 
     Returns 0,135200094 
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Appendix H: Individual portfolio with five assets 

 Fund 1 Fund 2 Fund 3 Fund 4 Fund 5   

    Return 2002 -0,346 -0,296 -0,276 -0,199 -0,435   

    Return 2003 0,117 0,125 0,246 0,228 0,174  Input 

    Return 2004 0,067 0,149 0,035 0,118 -0,05  Output 
        
      Expected  
      return -0,054 -0,007333333 0,001666667 0,049 -0,103666667   
     Variance 4,30% 4,18% 4,60% 3,28% 6,33%   

     Standard dev 0,207481726 0,20435318 0,21440512 0,181021177 0,251502596   
        
        
   Value in Fund Weight       
  1 708,873245 17,015535% 19,101550% 22,436684% 26,652675% 14,793557%   
  1 918,372091        
  2 253,320195        
  2 676,733021        
  1 485,719561        
 100,000000% Should be 1     
  1 0043,01811 Tot value       
        
     Covariance Fund 1 Fund 2 Fund 3 Fund 4 Fund 5   
     Fund 1 4,3049% 4,1945% 4,2298% 3,7125% 5,0241%   
     Fund 2 4,1945% 4,1760% 3,9233% 3,5355% 4,6926%   
     Fund 3 4,2298% 3,9233% 4,5970% 3,8299% 5,3877%   
     Fund 4 3,7125% 3,5355% 3,8299% 3,2769% 4,5192%   
     Fund 5 5,0241% 4,6926% 5,3877% 4,5192% 6,3254%   
        
        
     Variance     
      terms 0,717282% 0,76944% 0,968891% 0,98835% 0,75452% Variance 4,198481% 
      Std dev 20,49% 
      Returns -0,0124914 
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Appendix I: Calculation of efficiency measure 

Individual Standard Deviations Returns SD on efficient frontier Efficiency Measure 
1 20,49% -1,25% 0,032 0,024390238 
2 21,41% 12,98% 0,036 0,028272985 
3 23,57% 17,63% 0,068 0,083233596 
4 23,42% -2,08% 0,0375 0,025638272 
5 20,38% -7,80% 0,078 0,146480848 
6 21,03% -1,09% 0,03 0,020349979 
7 20,38% -7,80% 0,078 0,146480848 
8 20,49% -10,42% 0,095 0,214962792 
9 19,81% 0,93% 0,0287 0,02098915 
10 18,78% 1,97% 0,0361 0,036950747 
11 28,20% 13,52% 0,04 0,020119712 
12 22,49% -6,49% 0,068 0,091419515 
13 23,88% -2,89% 0,0418 0,030639658 
14 23,59% -0,67% 0,0263 0,012429556 
15 0,88% 4,56% 0,003 0,116219008 
16 26,82% 1,14% 0,0143 0,002842854 
17 23,11% -11,75% 0,132 0,326248085 
18 22,92% -4,68% 0,0548 0,057165221 
19 22,68% -5,33% 0,05893 0,067512903 
20 22,26% -5,27% 0,0575 0,066724506 
21 19,64% 1,59% 0,012 0,003733185 
22 22,35% -6,75% 0,0667 0,089062855 
23 14,55% 0,13% 0,021 0,020831119 
24 25,05% -2,01% 0,0366 0,021347485 
25 19,79% 1,09% 0,0147 0,005517509 
26 19,83% 0,60% 0,02 0,010172192 
27 27,79% 1,97% 0,01 0,00129486 
28 2,13% 5,01% 0,002 0,008816593 
29 23,73% -1,99% 0,036 0,023014923 
30 22,11% -5,02% 0,0591 0,071449217 
31 19,83% 0,60% 0,02 0,010172192 
32 21,57% -4,74% 0,0551 0,065253364 
33 24.78% -3,04% 0,0434 0,030674455 
34 20,85% 1,28% 0,015 0,005175716 
35 22,03% 0,74% 0,0199 0,008159756 
36 22,48% -8,77% 0,0833 0,137308489 
37 21,46% -5,64% 0,0615 0,082127915 
38 32,47% 3,17% 0,0051 0,000246704 
39 25,92% -3,36% 0,046 0,031495294 
40 19,21% -5,74% 0,0631 0,107895663 
41 22,49% -3,47% 0,047 0,04367338 
42 22,63% -3,59% 0,052 0,052800445 
43 19,83% 0,60% 0,02 0,010172192 
44 15,52% 0,90% 0,0179 0,013302174 
45 28,10% 1,12% 0,0141 0,002517825 
46 17,60% -2,65% 0,04 0,051652893 
47 19,83% 0,60% 0,02 0,010172192 
48 21,47% -5,61% 0,0611 0,080987563 
49 19,84% 4,58% 0,0043 0,000469736 
50 14,02% -1,90% 0,0351 0,062678444 
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51 25,03% 0,65% 0,0197 0,006194564 
52 25,79% -1,99% 0,036 0,019485086 
53 19,83% 0,60% 0,02 0,010172192 
54 24,14% -1,97% 0,031 0,016491071 
55 24,47% -1,67% 0,0299 0,014930503 
56 19,83% 0,60% 0,02 0,010172192 
57 24,90% -4,16% 0,0521 0,0437801 
58 19,64% 1,60% 0,0142 0,005227496 
59 21,69% -6,48% 0,0688 0,100613851 
60 30,59% 1,74% 0,011 0,001293083 
61 22,51% -1,73% 0,03 0,017761986 
62 31,62% 6,66% 0,0032 0,000102418 
63 23,66% -4,20% 0,052 0,048303345 
64 19,05% -1,30% 0,0199 0,010912297 
65 20,44% -2,86% 0,0419 0,042020988 
66 30,11% -1,55% 0,021 0,004864263 
67 26,03% -3,25% 0,044 0,028573077 
68 21,48% -3,09% 0,0382 0,031627013 
69 24,67% 0,08% 0,0186 0,005684439 
70 24,71% -0,55% 0,027 0,011939387 
71 26,22% 0,32% 0,0212 0,006537419 
72 25,40% -5,65% 0,0619 0,059390074 
73 29,29% 6,80% 0,0045 0,00023604 
74 20,86% 3,80% 0,0049 0,000551777 
75 12,15% 1,70% 0,013 0,011448119 
76 20,75% -1,53% 0,0341 0,027006764 
77 25,08% -0,99% 0,03 0,01430828 
78 13,16% 1,37% 0,0152 0,013340601 
79 19,83% 0,60% 0,02 0,010172192 
80 22,98% -3,86% 0,0489 0,045281173 
81 20,87% 0,80% 0,0198 0,009000891 
82 19,83% 0,60% 0,02 0,010172192 
83 19,83% 0,60% 0,02 0,010172192 
84 18,39% -9,91% 0,092 0,250271961 
85 11,18% 5,99% 0,018 0,025921576 
86 21,40% -2,44% 0,039 0,033212508 
87 20,78% 0,79% 0,0191 0,008448423 
88 28,51% -2,93% 0,0422 0,021909399 
89 1,58% 7,00% 0,0047 0,088487422 
90 21,46% -0,12% 0,024 0,012507285 
91 24,83% 8,42% 0,0073 0,000864355 
92 22,15% -0,41% 0,0267 0,014530316 
93 23,54% -2,70% 0,041 0,030335754 
94 23,08% -1,81% 0,035 0,022996645 
95 26,90% -1,67% 0,0312 0,01345255 
96 21,88% -7,14% 0,0729 0,11100957 
97 19,83% 0,60% 0,02 0,010172192 
98 19,83% 0,60% 0,02 0,010172192 
99 19,83% 0,60% 0,02 0,010172192 
100 19,83% 0,60% 0,02 0,010172192 
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Appendix J: Calculation of returns of the sample 

         
 Percentile and Percentile Rank Calculations     
       
  x 

x-th 
Percentile  y 

Percentile 
rank of y   

  50 -0,0083  0,0 50   
  80 0,01298  0,01298 80   
  90 0,04562  0,04562 90   
         
 Quartiles        
  1st Quartile -0,032775      
  Median -0,0083 IQR 0,04185    
  3rd Quartile 0,009075      
         
 Other Statistics       
  Sum -0,7792914      
  Size 100      
  Maximum 0,1763      
  Minimum -0,1175      
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Appendix K: Calculation of standard deviations of the sample 

    Sales Data   
       
       
Measures of Central tendency     
       
Mean 0,2153687 Median 0,2157 Mode 0,1983  
       
Measures of Dispersion     
  If the data is of a    
  Sample Population    
 Variance 0,00267522 0,0026482 Range 0,3159  
 St. Dev. 0,05172256 0,05146068 IQR 0,0418  
       
      
Percentile 
and 
Percentile 
Rank 
Calculations    

 

 

  
x-th 
Percentile     

 x   y   
 50 0,2157  0,2   
 80 0,24858  0,24858   
 90 0,26836  0,2
     
Quartiles  

 
   

Percentile 
rank of y  

 1st Quartile 0,1983   50  
 Median 0,2157 IQR 0,0418 80  
 3rd Quartile 0,2401   90  
       
Other 
Statistics       
 Sum 21,3215     
 Size 99     
 Maximum 0,3247     
 Minimum 0,0088     
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