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Abstract
This study have focused on the creation of a smart beta investment strategy to
make risks in terms of beta for individual assets more transparent, and to explore
if the constructed portfolios risk in terms of standard deviation significantly gets
lower than for different benchmark indexes. The strategy could be used for inve-
stors who want to decrease their contribution to systemic risk, without sacrificing
return. Further it has been investigated if the returns for the portfolio are signifi-
cantly higher than for the benchmarks, and if there exists a correlation between
the portfolio’s standard deviation and its return. The portfolio were constructed
and followed during the period 2013-12-30 - 2017-01-05. The study had its star-
ting point in criticism against EMH, CAPM and the way beta are commonly used.
The study is a quantitative and deductive study, made from a positivistic point of
view, where the approach and used data further defines it as experimental, longitu-
dinal and retrospective. In the study, secondary data consisting of approximately
123.000 numerical values of daily quoted prices for stocks and market indexes
have been used, which through different calculations generated primary data. The
writer created five sub-indexes constituting of 16 stocks each, where the constuti-
tents were based on different industries that can be observed on the Swedish stock
exchange Stockholmsbörsen. For each stock in the sub-indexes, the beta (smart
beta) was calculated at three points in time based on three years daily stock da-
ta, values which were the basis for which stocks to include and exclude in the
portfolio. The included stocks at initial purchase and re-balancing dates were con-
sequently based on having an even spread of smart betas, covering low to high
values. All the sub-indexes and the portfolio were equally weighted, where the
portfolio where re-balanced annually and some stocks were replaced. The results
from the approach were a portfolio with lower standard deviation and conside-
rably higher returns than for any of the benchmarks which represented the market
and with good evaluation measures (SR and IR). The portfolio got a statistically
significantly lower standard deviation than the benchmark indexes, whereas the-
re were no significant correlation between the portfolios standard deviation and
return. The returns of the portfolio could also not be proven to be statistical sig-
nificantly higher than for the benchmarks. Finally, the majority of data turned out
to not be normally distributed, making all statistical results questionable. Despite
this, the writer believes that the results should be enough to motivate individuals
to implement similar studies, creating a wider basis of risk transparent investment
strategies which can decrease systemic risks.

Keywords:Smart beta, smart beta strategy, portfolio strategy, risk transpa-
rency, indexing investing, CAPM, Stockholmsbörsen, systemic risk
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Directory of abbreviations and concepts
Market index - The aggregated value of several stocks or assets.

EMH - Efficient marhet hypothesis: A theory that states that financial markets
are efficient in setting prices, implying it is impossible to beat the market in terms
of return.

RWT - Random walk theory: A theory stating that changes in stock prices are
random, i.e. future price changes can’t be foretold.

MPT - Modern portfolio theory: A theory used to construct portfolios with maxi-
mum return at given level of risk.

CAPM - Capital asset pricing model: A model that calculates an estimate of an
assets cost of capital with respect to risk.

Cost of capital (Also referred to as required return or cost of equity): The out-
put one gets by using CAPM, which is the return an investor demands of an asset,
with respect taken to risk.

Return: The gain or loss over a period.

Risk: The probability of gain or loss over a period. In this work, risk are refer-
red to as standard deviation (for portfolio and benchmark indexes) and beta values
(for individual assets).

Beta: A measure for a stocks volatility relative to the markets.

Smart beta strategy: A strategy when one uses alternative weighting schemes ins-
tead of e.g. weighted market capitalization weighting, to construct portfolios.

IR - Information ratio: A ratio that shows how well a portfolio performs, in terms
of consistency and return, compared to a benchmark.

SR - Sharpe ratio: A ratio that shows how well a portfolio performs with respect
taken to its volatility.

Technical analysis: A broad methodology that aims to predict future stock mo-
vements by looking at historical stock data.
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Fundamental analysis: A broad methodology that aims to predict future stock
movements by interpreting annual reports, balance sheets etcetera.

Bull market: A term for when the market keeps rising in price.

Bear market: : A term for when the market keeps falling in price.

Anomaly: A term for when an observation differs from the expected, which can
be seen as evidence against theories and models.
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BACHELOR THESIS 1 INTRODUCTION

1 Introduction

The concept portfolio management is a widely used practice, which shortly can
be expressed as how different parties such as fund managers, investors, compa-
nies etcetera, can invest in order to meet their objectives. These objectives can
for instance be achieving the highest possible return or hedging a companies bu-
siness activities. Investors are commonly categorized into being either active or
passive; active investors believe that they can invest in a way to beat the market
(represented by an index) whereas the passive investor commonly creates port-
folios consisting stocks in the proportions they occur in an index to replicate the
index returns. The common practice among active investors is that they try to find
an opportunity to beat the market by obtaining mispriced stocks1.

For an outside investor that invests in a managed fund, it most often is cheaper
to go for passively managed funds, since these funds need less work to compose
and are also generally associated with lower transaction costs. Active managed
fund on the other hands are a more costly alternative, but usually with higher
expectations in terms of return. These costs occur from paying salaries to analysts
which find mispriced stocks and from higher transaction costs due to a higher
portfolio turnover.

However, regardless of investment strategy, a key component when it comes to
expected return from an investment is risk. At the stock market, risk is generally
defined as the probability of earning less than expected from an investment. In
the mid-century, before the development of capital asset pricing model (CAPM),
it was common to measure the historical variance in assets as a fundament for
risk-assessment. The higher volatility in terms of variance, the higher the risk and
a higher expected return as a compromise for this.

Portfolio theory today builds on two large pillars, the efficient market hypothesis
(EMH) and CAPM. The EMH shortly says that markets are efficient when prices
on assets to a certain degree reflect the available information around them; i.e.
one can not make arbitrage by obtaining mispriced assets2. CAPM were develo-
ped back in 1964, with its roots in modern portfolio theory (MPT), random walk
theory (RWT) and EMH, and is used to e.g. estimate cost of capital and evalu-
ate portfolios performances3. The model intuitively connects risk and expected

1Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. pp. 357-358.

2Fama, F. Eugene. Efficient capital markets: A review of theory and empirical work. The jour-
nal of finance. Vol. 25 no. 2 (1970): pp. 383-417.

3Fama, F. Eugene & French, R. Kenneth. The capital asset pricing model: Theory and evidence.
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BACHELOR THESIS 2 PROBLEMATISATION

return, where assets expected return are dependent on the markets movement.

Despite the wide usage and teaching of these models, if CAPM and EMH would be
good and accurate models, it wouldn’t be a point of being an active investor on the
market. They offer together a perhaps too simplistic view of the risk and return,
where there might exist deeper issues regarding risk and the way it is assessed.
One observation against these models are the numerous successful active investors
on the market. The observation of repeated occurrence of financial crises can be
seen as perhaps the hardest evidence of the issue with risk assessment, where the
models simply seem to overlook critical components, implicating deficiencies of
these models.

2 Problematisation

The following section contains a problem background regarding the subject, which
gets narrowed down to this works problem discussion. After this, the works expli-
cit delimitations are presented followed up by three research questions connected
to the subject, and finally a short disposition and stated purposes of the study.

2.1 Problem background

Proponents of the efficient market hypothesis argue that passive investing strate-
gies are the best ones when investing, and are often performed by replicating the
content of an index, or by buying index-funds. Active investors on the other hand
believes that they can use models and strategies to assess intrinsic values on the
stock market, leading them to mispriced securities which they then invest in4. This
strategy simply aims to gain a higher return than the market which they see as in-
efficient. Actively managed funds are not seldom criticized for not living up to its
expectations in terms of return, which partly is due to higher transaction costs and
a high portfolio turnover. And on the other hand if they meet this required return,
they might have unsatisfying SR and IR. Regarding which approach is better sui-
ted for the market, the answer should lie in the underlying theory and models that

The journal of economic perspectives. Vol. 18 no. 3 (2004): pp. 25-46.
4Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill

Irwin, 2014. p. 515.
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BACHELOR THESIS 2 PROBLEMATISATION

they rely on.

CAPM, which is based on EMH and crucial assumptions is widely teached and
used, this even though it has a poor empirical record and many opponents. A
few of the assumptions are (i) - transaction costs and taxes are free for investors,
(ii) - all information is free and available for all investors and (iii) - all investors
are rational, risk averse and holding only efficient portfolios5. CAPM contains
an important variable, beta, which stands for the assets volatility compared to a
benchmark index. The beta for an asset is a key component when calculating the
expected return, and it also implicitly stands for systematic risk for the asset. The
beta for an asset depends on which benchmark, usually a market index, the returns
are compared to; hence, the way an index is constructed is in that sense indirect
related to the beta of an asset6. The most common way of constructing indexes
is by using weighted average market capitalization, which results in that larger
companies have higher impact of the index performance. Research have showed
that these indexes have a historically sub-optimal performance compared to other
alternatives as e.g. equally-weighted indexes, observations implying that neither
EMH nor CAPM can prevail7. Further, one problem with beta, is that there is no
strict definition of what the market (represented by a benchmark index) really is,
i.e. one asset can get several beta values8; this could increase the risk of misjudg-
ment when investing which contributes to the flaws of CAPM9. Some other large
problems with beta, is that it doesn’t reflect true risk, probability of default, for
investments, and neither does it seem to exist a significant correlation between
beta and return as CAPM predicts10.

If EMH and CAPM were accurate, there would be no point in being active on
the market; and also there should simply not be possible for financial crises to
occur if market prices always are correct. But why does these crises occur every
once in a while? The fact of occurrence shows us that portfolio theory based on
these models underestimates risk and doesn’t cover systemic- and liquidity risk.

5Berk, Jonathan & DeMarzo, Peter. Corporate finance 3rd ed. Boston: Pearson education Inc,
2014. pp. 379-380.

6Brealey, A. Richard & Myers, C. Stewart & Allen, Franklin. Principles of Corporate Finance
10th ed. New York: McGraw-Hill Irwin, 2010. pp. 174-175

7Fernández, Pablo & Carelli, Jose Paulo & Ortiz, Alberto. The Market Portfolio is NOT effici-
ent: Evidences, consequences and easy to avoid errors. Occasional paper (2016). pp. 1-17.

8Roll, Richard. A critique of the asset pricing theory’s tests - Part I: On past and potential
testability of the theory. Journal of financial economics. Vol. 4 no. 2 (1977): pp. 129-176.

9Fernández, Pablo & Fernandez, A. Isabel. Betas used by professors: A survey with 2500
answers. China-USA Business review. Vol. 15 no. 7 (2016): pp. 337-361.

10Roll, Richard. A critique of the asset pricing theory’s tests - Part I: On past and potential
testability of the theory. Journal of financial economics. Vol. 4 no. 2 (1977): pp. 129-176.
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BACHELOR THESIS 2 PROBLEMATISATION

This work have focused mainly on the problem in latter part, and an attempt to
treat and illustrate risk differently have been done by using a smart beta strategy,
which could be seen as a possible solution to the issue. The strategy have been
based on enhancing the transparency of risks, which can be used as a basis for
more accurate construction of portfolios with a more fair view of the measure
risk.

2.2 Problem discussion

There have been several studies that have investigated the performance of Smart
beta portfolios compared to benchmark indexes (market indexes), where many
outcomes are positive in terms of e.g. lower standard deviation, higher SR, return
and high IR. The techniques to construct portfolios with help from smart beta are
different between many portfolios, but a common denominator is that they aim to
exploit the markets inefficiencies to generate higher returns11,12.

Investors who are using smart beta strategies takes starting point from, accor-
ding to them, an inefficient market (e.g. market index), and actively reconstructs
it into a portfolio where they passively invest. The implementation of this strate-
gy is based on individual criteria created to take advantage of the inefficiencies
the investor perceives on the market; these criteria generates alternative weighting
schemes, rather than the traditional e.g. market capitalized weighting schemes,
where the latter in their eyes are sub-optimal due to over-/underweighting over-
/undervalued stocks13.

Since the criteria that are the basis for smart beta portfolios are individually set,
there are numerous ways of using this strategy; this implicitly means that a smart
beta strategy and its performance depends on the knowledge and beliefs that the
creator of the portfolio possesses. A few of the more commonly used strategi-
es will be presented below, where the focus will be on studies with aggregated
results for several smart beta portfolios over larger time periods. Research in-
dicates that one smart beta strategy that over time has proven to outperform the
indexes the portfolio were derived from, are equally weighted market indexes. The
re-balancing varies between daily to quarterly, but in regardless of this, these port-

11ibid
12Amenc, Noël & Goltz, Felix & Martellini, Lionel. Smart beta 2.0. Position paper (2013). pp.

1-36.
13Financial times. Definition of smart beta. n.d. http://lexicon.ft.com/Term?term=smart-beta

(Retrieved 2017-04-21).
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BACHELOR THESIS 2 PROBLEMATISATION

folios consequently tend to outperform the market indexes in terms of return14.

Another model is fundamentally index weighting which uses metrics as e.g. di-
vidends, price-to-book-value, price-to-earnings etcetera as a basis for choosing
components into the portfolio. This model are used to find the true value of mispri-
ced stocks, and can be applied in several ways. A study made over a large ti-
me period shows that fundamental indexing portfolios outperformed the capital
weighted benchmark index in terms of return in normal-, bull- and bear market,
and it got higher SR over the period15. Other used smart beta strategies are glo-
bal minimum variance (GMV) and maximum sharpe ratio (MSR) models, which
are used to create portfolios with lower volatility (variance) and higher SR re-
spectivelly than a benchmark index. One study performed on the American stock
market with S&P500 as a benchmark index, shows that regardless of including
only small-, mid- or large cap stocks into a portfolio, the results for GMV- and
MSR portfolios outperforms the benchmark in terms of volatility and SR16.

As mentioned above, the common denominator for smart beta strategies is to ex-
ploit market inefficiencies to obtain higher return over time and with respect to
risk. The writer of this thesis however have not been able to find any research
of how this strategy can be used to enhance the transparency of risk, i.e. being
able to answer the question Where does risk arise from on the market? This lat-
ter part is this works identified research gap, which consequently will be the area
where the main focus will be laid. A smart beta portfolio have been constructed
by following certain criteria, and followed over three years. The aim have been
to show that risk can be more transparent, and still be used to generate high risk
adjusted returns and lower standard deviations than three benchmark indexes. A
focus have also been laid on the properties of the data, e.g. standard deviation is
only an appropriate risk measure when conditions for normality are fulfilled17.

14Fernández, Pablo & Carelli, Jose Paulo & Ortiz, Alberto. The Market Portfolio is NOT effici-
ent: Evidences, consequences and easy to avoid errors. Occasional paper (2016). pp. 1-17.

15Amenc, Noël & Goltz, Felix & Lodh, Ashish. Smart beta is not monkey business. The journal
of index investing. Vol. 46 no. 7 (2016): pp. 12-29.

16Amenc, Noël & Goltz, Felix & Martellini, Lionel. Smart beta 2.0. Position paper (2013). pp.
1-36.

17Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. p. 170.
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2.3 Delimitations

The main delimitations of this bachelor thesis are presented below, with a following
short motivation.

i The portfolio that will be constructed will only contain stocks from the Swe-
dish stock exchange Stockholmsbörsen, where they are listed on either large-,
mid- or small-cap - Since this work focuses solely on the Swedish stock market.

ii All transaction costs that occur during buying and selling stocks are ignored -
Due to the limited time of work and it’s the common practice.

iii The portfolio’s return excludes dividends over all three periods - Due to the
limited time of work.

iv Buying fractions of stocks will be possible - This in order to fit investments
into the equally weighed portfolio.

v The composed portfolio and its tracked return will a recent period with normal
market climate - A conscious decision to make the study more contemporary.

vi Betas will at each calculation be calculated with stock data reaching three
years back - Follows the same procedure as Yahoo finance uses.

Other smaller delimitations, and assumptions which could be assessed as delimi-
tations, will be presented in section 4 and onward.

2.4 Research questions

The questions that this work have been focusing on are being presented below:

i Can a well diversified portfolio constructed with help from a smart-beta strate-
gy with stocks from the Swedish stock exchange Stockholmsbörsen repeatedly
beat three benchmark indexes?

ii Can this portfolio strategy significantly be considered to be less risky than
investing in the indexes?

iii Is the smart beta portfolio’s periodical standard deviation a significant deter-
minant for the portfolio’s return?

6 12th of June 2017



BACHELOR THESIS 2 PROBLEMATISATION

Question i and ii were tested by performing hypothesis testing on their two re-
spective samples of data, and question iii were tested by performing a regression
analysis. More on this will presented in section 3.7 and onward.

2.5 Disposition

In section 3, the relevant theory around the subject will be reviewed. Theories as
EMH, CAPM and portfolio theory will be gone through, with surrounding theory
regarding beta, smart beta and different types of risks and more. The section gets
rounded of with criticism aimed at EMH, CAPM, beta and a brief presentation of
the statistical tests that will be performed.

In section 4, this work’s methodology will be presented. The implementation of
the work along with the collection and analyze of data, the work’s validity, reli-
ability and replicability will be described and discussed. The statistical methods
will also here be presented with the associated assumptions.

In section 5 the visual results in form of graphs and tables for the portfolio’s
and indexes performances will be illustrated, which gets followed up with the
results from the performed statistical tests. The section gets rounded of by a short
summarize and outcome of these tests.

In the final section (section 6), the results will be discussed in light of the theore-
tical framework and previously done research on the subject. The results are here
also being connected to the work’s research questions. The general conclusions
that can be drawn gets presented, along with the experienced limitations during
this work. The section ends with proposals to further research on the subject.
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2.6 Purpose

The purpose of this study where to quantitatively investigate whether a smart beta
strategy could generate a portfolio that repeatedly beat three benchmark-indexes
on the Swedish stock market. This work further aimed to see if the risk where
lower for the portfolio; this were done by observing if the calculated periodical
portfolio standard deviations where significantly lower than for the correspon-
ding benchmarks. Finally, this work looked at the connection between risk and
return as declared by CAPM, this were done by observing the portfolio’s periodi-
cal standard deviations and if these variable could be used as a predictor for future
periodical returns for the portfolio.

The portfolio where composed in a way partly to fulfill the objectives above, but
mainly to make it more clear where risk arises from in the portfolio with respect
to different industries. This is an attempt to make the risks more transparent, for
investors which can pick stocks from a branch-index, with smart-betas in line with
their risk level. The first part of the purpose is therefore an contribution to portfolio
management theory with focus on risk and return, while the latter could be seen
as an attempt to make a contribution to the same research field, but focusing on
the way risks are assessed.

In summary, the writer of this work believes that the used approach made to make
risk more transparent could be of use for investors wanting to contribute to a
decrease of the systemic risks, without making sacrifices in terms of returns.
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BACHELOR THESIS 3 THEORETICAL FRAMEWORK

3 Theoretical framework

Below, the literature review are presented, consisting of the theory, models and
previous research that have been used in this work.

3.1 Efficient market hypothesis

The efficient market hypothesis (EMH) is a theory that developed during the 1960’s,
which aimed to explain how prices of assets in capital markets are formed18. At
that time, previously research had showed that prices of assets seemed to be ran-
dom, unpredictable and independent of previous movements, and also that ex-
pectations about the future had an effect on the price today. The EMH can be seen
as a mechanism which in capital markets prices e.g. securities are based on dif-
ferent kinds of available information, where in theory, no arbitrage opportunities
exists; a market where prices are set in this way, are called an efficient market19.
In such markets, attempts to act actively to outperform the market can be seen as
meaningless since prices are already fairly set, whereas passive investment strate-
gies are more appropriate.

According to the EMH, a capital market can have one of the following three forms
of market efficiency; each form explain which type of information that are requi-
red to price securities on such markets:

i Weak form: Actors on the market have full access to historical information,
i.e. the price of a security can be derived from historical data.

ii Semi-strong form: The market has full access to public information, which
should explain the price of a security.

iii Strong form: This form asserts that a securities price reflects all information,
such as historical-, public- and private information. The latter information are
in a monopolistic way only accessable to certain groups (e.g. insider informa-
tion)20.

18Fama, F. Eugene. Efficient capital markets: A review of theory and empirical work. The jour-
nal of finance. Vol. 25 no. 2 (1970): pp. 383-417.

19ibid
20ibid
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So EMH implies that all investors are exposed for a certain type of information. If
a market is, lets say semi-efficient, a security quickly reflects new public informa-
tion, as e.g. enhanced net margins, which results in a higher price of the security.
If the same market for instance have one investor which comes over strong infor-
mation as e.g. insider info, the market might be disturbed; but then the law of one
price could be considered as a process to make the market rational again21.

The EMH has some further assumptions about the conditions that must apply
in capital markets for the hypothesis to hold. Sufficient conditions are met when
(i) transaction costs are excluded, (ii) all information regarding the market are
free and available for all investors and (iii) they all interpret this information
equal (current and future price will fully reflect the available information). This
is though not met in practice, but this doesn’t mean that EMH doesn’t hold. Ho-
wever, necessary conditions for EMH can bet met by assuming that there is always
a larger part of rational, than irrational investors which act randomly, on the mar-
ket. The latters actions summed up will not at all, or to a very small extent, have
an effect on market prices22.

The strong version of EMH is more of a concept rather than a practically use-
ful theory, and can not be true since transaction and information costs exists, but it
still remains necessary as an benchmark against other versions of market efficien-
cy. The semi-strong version is the version most literature and research implicitly
refer to as the EMH, and by including costs that occur by investing, market effici-
ency can be expressed as where prices reflect the state when the benefits by acting
on information doesn’t exceed the costs23. But repeated anomalies in the financial
markets, such as such as financial crises, investors repeatedly gaining abnormal
returns etcetera, speaks against this theory. Other research have showed that the
market can’t be fully efficient, partially since then there would be no point for
financial institutions to hire e.g. investment analysts to perform profound analy-
zes on certain data, aiming to find stocks intrinsic values before others24. Another
factor is the behavioral and psychological elements of investors, making them
act irrationally on the market; actions leading to e.g. mispricing of securities ar-

21Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. p. 395

22Fama, F. Eugene. Efficient capital markets: A review of theory and empirical work. The jour-
nal of finance. Vol. 25 no. 2 (1970): pp. 383-417.

23Jenssen, C. Michael. Some anomalous evidence regarding market efficiency. Journal of finan-
cial economics. Vol. 6 (1978): pp. 95-101.

24Burton, G. Malkiel. The efficient market hypothesis and its critics. Journal of economic per-
spectives. Vol. 17 no. 1 (2003): pp. 59-82.
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bitrage opportunities that violates the EMH25. Capital asset pricing model is a
model that’s associated with EMH (and modern portfolio theory), and the criti-
cism against EMH will therefore indirectly be continued under section 3.3.

The random walk theory (RWT) is a theory often discussed when talking about
efficient markets. The theory aims to explain the randomness of movements in
security prices, and are based on two main hypotheses:

i Security markets are efficient, no active investment strategy can outperform
the market.

ii Price changes for a security are independent random variables, and also in-
dependent from other securities movements, so it’s not possible to determine
future movements with historical data.

Empirical results from studies show that stock prices on the market aren’t fully
independent random variables, and that the rebalancing frequency is of interest
when comparing different portfolios return, e.g. with an index26.

3.2 Portfolio theory

A basic assumption regarding fundamental-/technical analysis and the process of
constructing portfolios, is that it’s mainly influenced by historical observation, ex-
perience and beliefs about future returns for observed assets. A result of this can
be seen every day at the stock market, where buyers and sellers meet, and the-
se parties individual opinions regarding the factors above results in e.g. the price
of a security at one moment. As time passes, the parties can e.g. get other beliefs
about future performance, resulting in a lower or higher price of the same security.

This work will take standpoint from modern portfolio theory (MPT), a theory
developed by Harry Markowitz which later got the nobel price for this theory. The
theory assumes that investors are risk averse and strive for portfolios with maxi-
mal return given the level of risk that are taken, which when practiced are called
efficient diversification27. This theory used to create optimal, so called efficient
portfolios, emphasizes statistical measures for stocks, as variance and correlation,

25ibid
26Cheng, L. Pao & Deets, M. King. Portfolio returns and random walk theory. The journal of

finance. Vol. 26 no. 1 (1971): pp. 11-30.
27Markowitz, Harry. Portfolio selection. The journal of finance. Vol. 7 no. 1 (1952): pp. 77-91.
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which are used to determine which stocks to include in a portfolio. The efficient
frontier is a graphical illustration (in shape of an upward sloping hyperbola) that
captures efficient portfolios with a range level of risks, and coherent levels of re-
turn; this can be used as a reference when composing portfolios, thus investors
want to be as possible close to the efficient frontier regardless of risk level. One
can also include risk-free assets in the portfolio to optimize the returns; by using
e.g. Markowitz portfolio optimization model, an investor can include a certain
amount of risk-free assets in different efficient portfolios, which when plotted as
the efficient frontier above, will be linear rather than being shaped as a hyperbola.
This line is called Capital market line (CML, blue line below), and when com-
bining these two graphs, the intersect where the linear representation tangent the
efficient frontier (red line below) is the optimal mix of risky- and risk-free assets
28.

σport f olio

E(rport f olio)

Figure 3:2.1 - Conceptual illustration of CML, efficient frontier and the optimal
portfolio where the lines intersect.

The slope of the line representing CML above is the SR of the market, where it
should be impossible to construct a portfolio that lies above this line according to
the EMH and passive investment theories29; thus, a constructed portfolio with SR
higher than the market will place itself above the CML.

28Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. pp. 220-222

29ibid. pp. 187-189
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3.3 Capital asset pricing model

The capital asset pricing model (CAPM) is a model with it’s roots in modern
portfolio- and efficient market theories, which calculates an estimate of an assets
cost of capital/expected return with respect to risk. This value can be in other mo-
dels as e.g. dividend discount model to estimate a securities value, to calculate a
firms residual earnings or to find a firms internal rate of return to calculate net
present values30. CAPM that were developed during the mid 1960’s, advocates
that the risk of a stock should be measured in comparison with a market portfolio
(usually an market index), but the model doesn’t strictly state what type of as-
sets that can be included in the market portfolio; but regardless of this, the higher
the risk, the higher expected return is the fundament of the model 31. The security
market line is a graphic illustration of where efficient investments (calculated with
CAPM) are gets a linear representation, this will presented in the coming subsec-
tion.

The CAPM rests on a couple of assumptions that one have to take into considera-
tion when using it in practice:

i Investors on the stock market can act (buy/sell) at competetive market prices
without having to pay taxes or transaction costs.

ii Investors can at lend and borrow at the risk-free interest rate at all times.

iii All relevant information is available for all investors, at all time.

iv Investors plan investments over the same time horizons.

v Investors are risk-averse and rational, holding only efficient portfolios, i.e.
maximum expected return given the risk level.

vi Investors have homogeneous expectations regarding the stocks and markets:
expected return, volatility and correlations.

vii Investors can hold fractions of- and short any assets32.

30Penman, H. Stephen. Financial Statement Analysis and Security Valuation 5th ed. New York:
McGraw-Hill Education, 2013.

31Fama, F. Eugene & French, R. Kenneth. The capital asset pricing model: Theory and evidence.
The journal of economic perspectives. Vol. 18 no. 3 (2004): pp. 25-46.

32Berk, Jonathan & DeMarzo, Peter. Corporate finance 3rd ed. Boston: Pearson education Inc,
2014. pp. 379-380
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The formula for CAPM used on asset i, and a brief explanation of its constituting
elements is presented below:

E[ri] = ri = r f +βi,m× (E[rm]− r f )

where ri is the expected return, r f is the risk-free rate, βi,m the assets beta with
respect to the market, and E[rm] is the expected return for the market. The value
of βi,m explains the assets volatility due to market risk and relative to the markets
movements; this variable, and what the market is, will be further discussed under
section 3.4.

3.3.1 Systemic, Systematic- and idiosyncratic risk

There is three types of risk that are commonly mentioned and discussed in portfo-
lio theory, below these will shortly be reviewed.

Idiosyncratic risk is the risk that is associated with each unique stock on a mar-
ket. This risk are affected on which type of parameters, and to what degree these
can have an impact on the stocks price on the market. Firm-specific news are a
common factor that causes a stock price to fluctuate. This risk is diversifiable, i.e.
a portfolios summed up idiosyncratic risks can be lower than the simple sum of
these risks, this due to correlation effects among the assets33.

Systematic risk is the risk that apply for the market as a whole, e.g. increased in-
terest rates affect all market participants, not just some. This risk is supposed to
explain market fluctuations due to market-wide news, while idiosyncratic risk ex-
plain individual stock fluctuations due to specific news regarding each firm. Since
all firms don’t have the same idiosyncratic risk, composing portfolios usually lo-
wers the total risk by diversification, where the result theoretically can end up in a
portfolio only carrying systematic risk. And following from arbitrage theory and
the law of one price, investors should not be compensated for holding idiosyncra-
tic risk since the risk premium for this is 0 (since it can be diversified away). The
measure which tells something about an individual security’s sensitivity to a effi-
cient portfolio carrying only systematic risk (e.g. a broad market index) is called
beta, which will be further discussed under section 3.434.

Systemic risk is a risk that occur when a party or parties in the financial system
is indispensable, and are a prerequisite for the system to function properly. The-
se parties can carry ripple risk, which simply means that if one of these parties

33ibid. pp.331-332
34ibid. pp. 331-334

14 12th of June 2017



BACHELOR THESIS 3 THEORETICAL FRAMEWORK

fail, the whole system might be affected with a strong bear market as a result. For
instance, failing financial institutions were one of the reasons for the global finan-
cial crisis in mid 2000’s, and regulations of how these institutions deal with risk
is more and more regulated through e.g. the Basel framework35.

In this work however, the focus lays on investors and their way to contribute to
this risk. Investors who acts irrationally by following deficient models as CAPM
and EMH, are assessed as possible sources to systemic risk.

3.3.2 Security market line

The Security market line (SML) is a linear, upward sloping graphical illustration
of a individual stocks risk-return trade-off that follows from CAPM. The slope of
this graph is the markets risk premium and is useful when CAPM and its assump-
tions are assumed to hold. The securities expected return (ri) and beta value (βi)
which is the different levels of systematic risk for the security, is represented on
the Y− and X−axis respectively. The linear graphs interception at the Y −axis is
the lowest required return when investing, i.e. the risk-free rate (r f ), the ri where
β = 1 is the required return for the market portfolio, whereas lower/higher syste-
matic risk for the security indicates lower/higher expected return. The SML can be
used by investors believing in CAPM; securities that are positioned above the line
offers higher expected return than it should with respect taken to the risk level, i.e.
it is undervalued and should be purchased. The opposite action should be taken
for securities positioned below the line36.

3.3.3 Risk free rate, market risk and market risk premium

The risk-free rate (r f ) is a variable describing the return of the safest possibly
investment on the market. Usually r f are set equal to the rate of a short-term tre-
asury bill for a stable country (e.g. the US 3-month treasury bill). The estimated
required return of the market (E[rm]) is the return investors expect when taking
on only systematic risk, i.e. investing in a market portfolio. The market risk pre-
mium is return that gives investors incentive to hold systematic risk instead of

35Hull, C. John. Risk management and financial institutions 4th ed. New Jersey: John Wiley &
Sons Inc, 2015. p. 326

36Brealey, A. Richard & Myers, C. Stewart & Allen, Franklin. Principles of Corporate Finance
10th ed. New York: McGraw-Hill Irwin, 2010. pp. 192-194.
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just investing in risk-free assets, and is defined as37 E[rm]− r f . The market risk
premium have no fix value, but depends on the approach estimating it. The two
most common approaches are: ex post-approach - one compares historical returns
of market portfolios compared to risk-free instruments, ex ante-approach - one
asks large and relevant actors on the market about their expectations of market
risk premium38.

When CAPM are used for individual assets, the beta will correct the expected re-
turn depending of the volatility of the asset (with respect to the market). A security
that carries e.g. twice as much risk as the market portfolio, an investor should de-
mand at least twice the market risk premium to invest in that particular security,
hence risk premium for individual securities are defined as39: βi,m× (E[rm]− r f ).

3.3.4 Criticism against CAPM and efficient markets

If CAPM really would be a flawless model, where markets is efficient, one would
be tempted to state that all observable prices for different assets are fairly set, and
leaving no room for speculation. Even with actors acting irrational, if they play a
zero-sum-game, or close to it, the models could still hold (as stated above). One
contradiction against these models/theories are the individuals and institutions that
repeatedly beats the portfolio carrying only systematic risk; but these events could
perhaps be seen as random abnormalities rather than anomalies that disproves the
models.

Another aspect that speaks against CAPM and EMH is the arise and existence
of systemic risk, which strongly effects idiosyncratic- and systematic risk. If a
financial crisis occur due to e.g. a financial institutions actions in terms of risk
taking, both stock- and market index prices tend to fall dramatically. The most
recent example is the credit crisis of 2007, which started out in the early 2000’s.
Relaxation of lending standards, securitization and re-securitization of subprime
mortages into asset backed securities and higher competition in the market of
credit default swaps are just a few factors that led to the burst of the American
housing bubble, and the starting point to a global financial crisis40.

37Berk, Jonathan & DeMarzo, Peter. Corporate finance 3rd ed. Boston: Pearson education Inc,
2014. pp. 327-328.

38PwC Sverige. Riskpremien på den svenska aktiemarknaden. 2016. http://www.pwc.se
/sv/publikationer/corporate-finance/riskpremiestudien-2016.html (Retrieved 2017-04-27).

39Berk, Jonathan & DeMarzo, Peter. Corporate finance 3rd ed. Boston: Pearson education Inc,
2014. pp. p. 341

40Hull, C. John. Risk management and financial institutions 4th ed. New Jersey: John Wiley &
Sons Inc, 2015. pp. 121-131.
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Researchers state that the fact there historically has been occurrence of global
financial crises questions the validity of both CAPM and the theory of market
efficiency. Regarding CAPM, the difficulties to obtain abnormal returns and the
absence of a better model simply is according to some sufficient to not fully reject
it41. On the other hand, without the assumptions in CAPM, market prices still
would react to new information, crowd psychology, herding etcetera, which could
create bubbles or liquidity black holes, events that could lead to financial crises42,
implying that CAPM is wrong.

Other research regarding CAPM state that the model is deficient mainly due to two
of its elements, namely beta and market risk premium. Different parties can use
widely different methods to estimate these two, and thus violating against CAPMs
key assumptions, resulting in different market views and possibly a source of irra-
tionality43. Further, CAPM and its definition of market risk premium doesn’t hold
in the real world due to: heterogeneous expectations among investors, different
betas, expected/required market risk premium for the same assets and markets;
hence the market risk premium is not as described above44 (see section 3.3.3).
Further, studies show that there’s no significant correlation between systematic
risk in terms of beta, and stock returns, which is the basic prediction of CAPM; an
anomaly implying that CAPM might be wrong45. An argument against EMH pro-
ponents (as e.g. passive investors) is the fact that a number of portfolio strategies
as: smart-beta-strategies, multifactor models and equal-weighting (1

n ) approaches
generate repeatedly higher return than several large market indexes and portfoli-
os around the world. The latter strategy (depending on re-balancing period) have
also done this consequently over relatively large time periods; this in combina-
tion with the fact it outperforms portfolios based on mean-variance optimization
(MPT), could be seen as evidence that the market is not efficient46.

41Smith, Tom & Walsh, Kathleen. Why the CAPM is half-right and everything else is wrong.
Abacus. Vol. 49 no. 1 (2013): pp. 73-78.

42Dempsey, Mike. The capital asset pricing model (CAPM): The history of a failed revolutio-
nary idea in finance? Abacus. Vol. 49 (2013): pp. 7-23.

43Fernández, Pablo & Fernandez, A. Isabel. Betas used by professors: A survey with 2500
answers. China-USA Business review. Vol. 15 no. 7 (2016): pp. 337-361.

44Fernández, Pablo. CAPM: an absurd model. Occasional paper (2014). pp. 1-14.
45Fama, F. Eugene. Efficient capital markets: II. The journal of finance. Vol. 46 no. 5 (1991):

pp. 1575-1617.
46Fernández, Pablo & Carelli, Jose Paulo & Ortiz, Alberto. The Market Portfolio is NOT effici-

ent: Evidences, consequences and easy to avoid errors. Occasional paper (2016). pp. 1-17.
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3.4 Beta and smart beta

What beta is, how it’s used and can be calculated will be presented in the following
section. After that, a short criticism of beta will come, followed up by a review of
smart beta.

3.4.1 Beta

Beta (β ) is a measure of systematic risk and volatility which is calculated with
respect to two variables, the return of the market and the return of a stock. A
positive β implies that the stock price to a certain degree tend to follow the the
market, while a negative β implies that the stock price goes the opposite direction
compared to the market. When β is 1, the stock price are expected to replicate the
movement of the market (i.e. having very alike volatility), and the market always
has β = 1 since its fluctuations only depends on systematic risk. A β < 1 indicates
that the stock price are expected to change in a lower degree than the market (i.e.
lower volatility), and a β > 1 signals that the stock price are expected to change
in a higher degree than the market’s (i.e. higher volatility). The same reasoning
applies for negative betas47.

Three ways of calculating the beta for an asset i, with respect to a market m,
is presented below:

Alternative i

Volatility of asset i that is common with the market m.

βi,m =

︷ ︸︸ ︷
σri×ρri,rm

σrm

where rm and ri indicates the market, and asset return over a certain period,σri and
σrm are the standard deviations of these returns returns and ρri,rm is the correlation
between the same variables. This expression can be rewritten in a way it’s more
commonly used48:

βi,m = Cov(rm,ri)
Var(rm)

.

47Brealey, A. Richard & Myers, C. Stewart & Allen, Franklin. Principles of Corporate Finance
10th ed. New York: McGraw-Hill Irwin, 2010. pp. 174-175

48ibid. p. 176.

18 12th of June 2017



BACHELOR THESIS 3 THEORETICAL FRAMEWORK

Alternative ii

βi,m = ρi,m×
σri
σrm

where

ρi,m = Cov(rm,ri)
σm×σi

.

ρi,m is a value between −1 and 1, which is the correlation coefficient between
the variables i (an asset) and m (the market). A value of 1 or −1 means perfect
positive or negative correlation, and a value of 0 implies that there is no corre-
lation between the variables. rm and rs are the returns of the market and stock
respectively, and σri and σrm is the standard deviation for ri and rm. σm and σi is
the standard deviation for the market and stock.

In order to calculate the standard deviation for e.g. a stocks return we use the
following formula:

σrs =

√
∑

n
i=1|ri−r̄i|2

n

where n is the number of observations, ri is the return for day i, r̄ is the arithmetic
average stock return for the observations.

This alternative is an rewritten version of alternative i, which utilizes the rela-
tionships between correlation, standard deviation and variance.

Alternative iii

We here use capital asset pricing model to find the expected return for asset i:

E(ri) = r f +βi,m× (E[rm]− r f )

where E[ri] and E[rm] is the expected return for the asset and the market, and r f
is the risk-free rate. βi,m can be estimated by breaking it out from the equation
above:

βi,m =
E[ri]−r f
E[rm]−r f
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This work will use this alternative to estimate βi,m, but with an ex-post-approach:

βi,m =
ri−r f
rm−r f

where ri and rm is the arithmetic average for the asset respectively market return
over a certain period. With help from computer software, e.g. excel, this can be
done by calculating daily returns for an asset and the market, (ri and rm) over a
period, and then subtract r f , these values are stored in two different arrays with no
time lagg between. Then excels built in function Slope can be used on these two
arrays of daily returns to calculate the slope, which becomes an estimate of βi,m

49.

This work will construct portfolios with equal weights for the assets, so the calcu-
lation for its beta is simply: Let i= 1,2,3, ...,n be the number of stocks in the port-
folio from each of the sub-indexes j = 1,2,3, ...,m. Let ωi be a weight standing
for the percentage invested in stock i relative to the sub-index: ω1,ω2, ...,ωn =

1
n .

By first calculating βi, j for each stock with respect to its’ sub-index, the beta for
the included stocks from subindex m in the portfolio will be:

β j = ∑
n
i=1 βi×ωi.

The portfolios beta is thereafter defined as50:

βport f olio =
1
m ∑

m
j=1 β j

.

Note: Use the same observation period and index for the calculations.

3.4.2 Criticism against beta

A fundamental assumption when speaking of risk, is that when investors take
risks, they have expectations of returns higher than less risky alternatives. Through
this reasoning, investors should like risk, rather than dislike, and beta (as volatility
measure) should work as an appropriate variable in CAPM. A problem though is
that beta might overlook true risk, i.e. the probability of default in investments,

49Own deriviation
50Own derivation
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a risk that must be taken into consideration by a good risk-measure51. Also as
mentioned above under section 3.3.4, several studies have not been able to show
a significant correlation between beta and returns. Further, beta depends on what
type of benchmark its derived from, making it a risk measure that depends on how
its calculated; a problem for which it has been criticized for since the index that
best represents the market are not generally recognized52.

3.4.3 Smart beta

The smart beta has no fix definition, but the idea is that investors can break the a
traditionally constructed index (typically price-weighted or market-capitalization-
weighted), and reconstruct it with different criteria. Investors whom are using this
strategy typically constructs an index based on their own criteria, then passively
investing in it, believing they are getting a higher return with respect to risk than
by investing in an inefficient market. The smart-beta-strategies as a subject got
more popular after the most recent global financial crisis; investors wanted to
controll risks, not just maximize profits, where this type of strategy could be a
good approach53.

Market-capitalized indexes can be seen as starting-point for active investors, and
a template to follow for passive investors; the index reflects true development of
the market, but as a benchmark it is not arguably efficient54. By looking at smart-
beta-strategies as passive strategies might be misleading; it might be costly to get
and assess data/information from similar strategies in order to construct an own
strategy. Also one has to consider how much information and data that is needed
to underpin the constructed model, this in a way to adequately be able to assess
risk and performance55.

Other research confirms the problems with smart-beta, these passive strategies
needs active decisions to encircle factors/variables that are relevant for the mo-
dels purpose. Apart from this, also weighting technique and re-balancing period
are factors investors have to carefully take into consideration when developing the

51Fernández, Pablo & Carelli, Jose Paulo & Ortiz, Alberto. The Market Portfolio is NOT effici-
ent: Evidences, consequences and easy to avoid errors. Occasional paper (2016). pp. 1-17.

52Roll, Richard. A critique of the asset pricing theory’s tests - Part I: On past and potential
testability of the theory. Journal of financial economics. Vol. 4 no. 2 (1977): pp. 129-176

53Financial times. Definition of smart beta. n.d. http://lexicon.ft.com/Term?term=smart-beta
(Retrieved 2017-04-21)

54Amenc, Noël & Goltz, Felix & Martellini, Lionel. Smart beta 2.0. Position paper (2013). pp.
1-36.

55ibid.
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strategy. In other words, this seemingly passive strategy to a large extent depends
on the investors knowledge, beliefs and ability to make well motivated delimita-
tions56.

Investors are though aware of the risks of mispricing in financial markets (e.g. IT-
bubble in the early 2000’s) due to overweighting overvalued- and underweighting
undervalued stocks. Traditional active portfolio management (e.g. active funds)
is one way to utilize the occurrence of mispricing, but has been criticized for its
performance compared to the market. Smart-beta-strategies on the contrary, are
strategies that doesn’t have the same issues as active managed funds; it’s associ-
ated with lower transaction costs and less problems with information asymmetry.
As described above, the approach to create a smart-beta-strategy is rather straight
forward, and dependent on what factors that determines which stocks to constitute
the index. These strategies are usually transparent and quantitative methodologies.
The outperforming of market indexes can mainly be derived from how smart-beta
to a higher degree retrieves the intrinsic value from companies with lower market
capitalization57.

3.5 Evaluation measures

Two of the evaluation measures that have been used in this work is: Sharpe- and
information ratio, which both will be presented below.

The information ratio (IR) is a measure used to tell something about a certain port-
folio’s ability to consistently generate excess returns compared to a benchmark.
To calculate the ratio, one needs to calculate the arithmetic average of the excess
returns, and the tracking error for these returns. The excess return of a portfolio are
expressed as: ERt = Rp,t −RB,t , where t = 1,2,3, ...,T denotes the observations,
Rp,t and RB,t is the return for the portfolio and benchmark for period t respectively.

The arithmetic average of excess returns are expressed as:

ER = 1
T ∑

T
t=1 ERt .

The tracking error for the excess returns are expressed as:

56Jacobs, I. Bruce & Levy, N. Kenneth. Smart beta versus smart alpha. The journal of portfolio
management. Vol. 40 no. 4 (2014): pp. 1-4.

57Hsu, Jason & Kalesnik, Vitali & Li, Feifei. An investor’s guide to smart beta strategies. AAII
Journal. (2012): pp. 11-14

22 12th of June 2017



BACHELOR THESIS 3 THEORETICAL FRAMEWORK

σ̂ER =
√

1
T−1 ∑

T
t=1(ERt−ER)2

and the IR can now be expressed as: IR = ER
σ̂ER

. The higher the value of IR, the
higher consistency of overperforming the benchmark58.

The Sharpe ratio (SR) measures risk-adjusted return, where one investigates how
a portfolio performs with respect to it’s volatility in terms of standard deviation.
This ratio can be used to compare e.g. portfolio A and B, and if they both have
the same return but one has lower standard deviation, that one offers higher risk-
adjusted return. This work used an ex-post-approach for this measure, and were
for observations t = 1,2,3, ...,T , be calculated as:

SR =
rp−r f

σp

where r f is the risk-free rate, rp is the arithmetic average of portfolio returns:

rp =
1
T ∑

T
t=1 rp,t

and σp is the standard deviation for the portfolio’s return during the period:

σp =
√

1
T ∑

T
t=1(rp,t− rp)2.

A higher value for the SR implies that it has a higher risk adjusted return59. This
work was based on daily data and the annual ER, rp, σ̂ER and σp were calculated
by the following procedures:

i ERannual = 252×ER.

ii rp,annual = 252× rp,daily.

iii σ̂ER,annual =
√

252× σ̂ER,daily.

iv σp,annual =
√

252×σp,daily.

58Goodwin, H. Thomas. The information ratio. Financial analysts journal. Vol. 54 no. 4 (1998):
pp. 34-43.

59Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. p. 134
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The risk-free rate used in SR will be calculated for three periods, where the annu-
alized return will be used. This will be calculated as:

r f = ((1+ r f ,period1)× (1+ r f ,period2)× (1+ r f ,period1))
1
3 −1.

3.6 Common weighting schemes for indexes

The two most common weighting schemes for indexes are market-capitalization-
and price weighted. Market-capitalized weighted indexes are based on the com-
panies market value. The companies with largest market capitalization
(outstanding shares × price per share) are included in the index, with a weight
corresponding to its size. The index’s value will thereby be driven by the behavior
of the market60. A drawback of this method, from the eyes of an active inves-
tor, is that overvalued- and undervalued stocks are constituting larger respectively
smaller parts of the index.

Price-weighted indexes include an equal number of shares within the index, thus
included securities with a higher price will constitute a larger part of the index.

This work will use an equal weighting scheme, giving each stock in the portfo-
lio the same weight, partly due to its simplicity, and perhaps mainly due to its
performance (as mentioned in section 3.3.4).

60FTSE Russel. How are indexes weighted? n.d. http://www.ftserussell.com/research-
insights/education-center/how-are-indexes-weighted (Retrieved 2017-04-23).
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3.7 Hypothesis testing and linear regression

When comparing two populations, to see if one is significantly different from
the other, hypothesis testing is a good approach during the right circumstances.
Simple linear regression is a good method to see whether there is a way that an
independent variable has an effect on a dependent variable. This work’s first two
first research questions have been tested by performing hypothesis testing, where-
as the last research question were tested with a regression analysis. The research
questions with their corresponding hypotheses are, in words and mathematical
form, presented below.

(i) Can a well diversified portfolio constructed with help from a smart-beta strate-
gy with stocks from the Swedish stock exchange Stockholmsbörsen repeatedly beat
three benchmark indexes?

The null hypothesis were that the portfolio’s and benchmarks return are the sa-
me, whereas the alternative hypothesis were that these measures are unequal:

(i)
{

H0 : rm = rp
H1 : rp 6= rm

(ii) Can this portfolio strategy significantly be considered to be less risky than
investing in the indexes?

The null hypothesis were that the portfolio’s and benchmarks standard deviations
are the same, whereas the alternative hypothesis were that these measures are
unequal:

(ii)
{

H0 : σm = σp
H1 : σp 6= σm

The third research question:

(iii) Is the smart beta portfolios periodical standard deviation a significant deter-
minant for the portfolios return?

was analyzed by performing a linear regression. The theory and how these tests
have been implemented with certain assumptions in this work will be presented
below under section 4.3.1−4.3.2.
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4 Method

The following section will declare what type of study this is, how the work were
implemented by declaring procedures and e.g. smart beta criteria. Further, as-
sumptions regarding the hypothesis test and linear regression will be presented,
rounded with a reflection of the methodology.

4.1 Type of study

This work, made from a positivistic point of view is a quantitative study with a
deductive approach, where the continuous numerical data for a market index and
a composed portfolio, have been subject for the analysis. What characterizes a
deductive study, is that a hypothesis are deduced based on already existing theories
of a domain, theories that the study based on empirical observation (collected and
analyzed quantitative data) either aim to confirm or revise61. This process can
below be seen as a simple flow chart.

Theory Hypot-
hesis

Collect
data

Findings
Confirm/

reject
hypothesis

Revise
theory

Figure 4:1.1 - The deductive approach in quantitative studies62

The study is experimental, longitudinal and retrospective, based on two samples of
historical secondary data, values of daily prices for 80 stocks- and three different
indexes, constituting approximately 123.000 numerical values over a total of six
years. How this data have been collected and description of the samples will be
further explaind below in section 4.2.1 and 4.2.2.

61Bryman, Alan & Bell, Emma. Business research methods 4th ed. Oxford: Oxford university
press, 2015. pp. 26-28

62ibid
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4.1.1 Literature search

This work is based on university textbooks in statistics and economy, peer-reviewed
articles, occasional papers, position papers and a few web-pages. Only peer-reviewed
material were desired but due to the fact that the research on smart-beta are jud-
ged as relatively small, other sources were included. Google Scholar were used in
the search of articles, were the main keywords used were: Smart beta, smart be-
ta strategy, beta, efficient markets, CAPM, indexing investing. In some cases, the
references in an article were followed to obtain the source of a part in an article.

4.2 Choice of implementation

This work have compared the constructed Smart beta portfolio’s performance
against three market-capitalized weighted indexes as benchmarks during the peri-
od 2013-12-30 - 2017-01-05, where 3000SEK were invested in each:

i OMXS30 - Contains the 30 stocks with highest turnover on Stockholmsbörsen.
Dividends are excluded.

ii SIX30RX - Contains the 30 stocks with highest turnover on Stockholmsbör-
sen. Dividends are included.

iii OMXSPI - Contains all stocks listed on the exchange Stockholmsbörsen. Di-
vidends are excluded.

All of these indexes are in this work seen as different representatives of the market.
The first two will in technical terms contain n = 30 stocks, which is equal to the
size of the constructed portfolio, whereas the latter index can be seen as a more
true representation due to its complete inclusion of listed companies. Since the
constructed portfolio will exclude dividends, the benchmark that is best suitable
to compare with, in terms of performance, is OMXS30 due to its properties above.
The fact that SIX30RX includes dividends, whereas the portfolio does not, makes it
logically harder to beat in terms of return. The market and its movements are most
commonly represented by an certain index, where different indexes can be used as
representative by different observants. One individual might say that OMXSPI is
the best representative of the market, whereas another might claim that OMXS30
(a subset of OMXSPI) works just as good; this is the main reason for why three
different benchmark indexes were included in this work.
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In practice, this work have constructed a 1
n−weighted portfolio of the same size of

the OMX30 and SIX30RX benchmark. The components in the portfolio have been
retrieved from five constructed sub-indexes of the same size as these benchmark-
indexes. This procedure have practically been done in the following way:

i i = 1,2,3,4,5 different industries have been identified which was used to ca-
tegorize different stocks into, where each industry was used to construct a
sub-index.

ii Five branch-specific sub-indexes were created by in each identified industry
i, j = 1,2,3, ...,16 number of stocks were included; all stock had to be listed
within the range of small, mid- and large cap.

iii For each sub-index i, the smart-betas for each stock based on three years of
historical stock prices were calculated63.

iv These beta-values were ranked from low to high within each sub-index, and 6
stocks from each index were included into the portfolio, resulting in 30 stocks
in total. The spread of beta-values from each index were consequently even.

The identified industries in step i that were the basis for the sub-indexes in this
work was: 1 - Finance and real estate, 2 - Groceries, 3 - Industrial goods, material
and services, 4 - Information technology and telecom, 5 - Energy, power supply
and rarities. The implementation of identifying these divisions and companies
that belonged to them were done with help from the stock broker Avanza bank,
where Stockholmsbörsen (Nasdaq OMX) are responsible for the categorization of
stocks (industry/size).

The portfolio was constructed at a certain time, t = 0 (i.e 2013-12-30), by buying
that days opening price, and then held for a total of three years, t = 1,2,3. The
portfolio had a re-balancing at the end of each year, i.e. when t = 1,2. This re-
balancing was performed with the same initial basis of shares from t = 0, where
the procedures iii and iv above are remade. At the re-balancing dates, the stocks
were sold at closing prices and the new stocks were being bought at the next
days opening price. It should be emphasized that that the indexes and portfolio’s
daily return are seen as the return-measure, while their corresponding standard
deviations are seen as the risk-measure.

This work’s research questions and an explanation of how the results aim to an-
swer them, will again be presented below, with each questions associated method
and approach.

63The same procedure that Yahoo Finance has.
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4.2.1 Collection of data

All the collected secondary data that have been processed and analyzed in this
work was retrieved from Thomas Reuters Eikon Database. The collected and pro-
cessed data have properties corresponding to the inverval-scale, and when analy-
zed in SPSS, these values were all set to Scale-variables. The data were exclusi-
vely daily quoted stock- and index prices retrieved from listed large-, mid- and
small cap companies on the Swedish stock exchange Stockholmsbörsen. There
were no collected data regarding each individual stocks dividend rates over the
period.

The data collection did generate a total of six years of daily stock data, and three
years of index data that were processed and analyzed as described above in section
4.2, and below in section 4.4. The processes used created primary data connec-
ted to the approach of this work. This data (e.g. periodical returns and standard
deviations) was stored in excel and were statistically analyzed in SPSS.

4.2.2 Population, selection and data loss

The population in this work is the broad Swedish stock market, i.e. what the results
aim to be generalizable for. However, it was difficult to pin down the definition
of the market, hence three different possible candidates of the market were used.
This choice made it possible for individuals with different view of what index best
represents the market, to a higher degree can embrace the results of this study.
The selection process of included stocks into the portfolio aimed to be considered
to be random, and the samples were due to the works sub-index categorization,
categorized as a stratified random sample. Each stock included in this work had to
fulfill all the following criteria:

i Daily stock data for the whole observed periods had to be available.

ii The stock had to be listed as either large-, mid- or small cap.

iii To be included in a sub-index, each stock needed to belong to one of the
identified industries in section 4.2.

This process eliminated the possibility for stocks with insufficient amount of avai-
lable stock data and or stocks without industry affiliation to be included in the
samples.
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4.2.3 Smart beta criteria

The first step in this portfolio strategy were as described above, to create sub-
indexes containing only companies acting in the same industry, and calculate betas
for all these. This made risk more transparent within each sub-index, and offered
opportunity to better choose stocks in line with branch-specific risk-appetite.

The stocks to include in the portfolio were based on four criteria with short moti-
vations:

i 1
n -weighting scheme were used for the portfolio - A method that historically
has generated higher returns than several market indexes.

ii An equal amount of stocks were picked from each sub-index into the portfolio
- The portfolio were not overexposed in any of the sub-indexes.

iii Stocks that were included had an even spread of smart beta values - This
spreads the risk evenly within each sub-index.

iv Rebalance the portfolio each year - This lowers the risk of getting over-/under
exposed in over-/under valued stocks over time.

4.3 Analyze of collected data

The variables rm, ri, rp, βi,m (calculated with respect to sub-index), r j,p and σi,p
was calculated in excel. The calculations were based on daily data, for each of the
observed periods, where the days i = 1,2,3, ...,252 is one period. The return at
the first day in period t = 1,2 were calculated with respect to the new portfolios
value and its development from the day before. The analyze of this data were be
performed in three steps in order to answer the research questions: hypothesis tes-
ting, regression analysis and calculation of evaluation measures. These processes
are described below.

The work used two different risk-free rates r f 1 and r f 2, which were for the periods
set to −0,161% and 0,98% respectivelly, which was the annualized return for the
observed periods 2− and 10 year rate for the Swedish government bond64. The
reason for this were to provide readers with two different SR covering perspectives
for short-term- as well as long-term investment horizons.

64Sveriges riksbank. Räntor och valutakurser. n.d. http://www.riksbank.se/sv/Rantor-och-
valutakurser/Sok-rantor-och-valutakurser/ (Retrieved 2017-04-30).
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Initially, the collected data constituted of stock- and index data over a total peri-
od of six years. The arithmetic daily returns were then calculated for these two
samples by: ri =

Pi
Pj

, where Pi is the quoted closing price day i, and Pj is the cor-
responding value for the previous day ( j = i−1). For all the sub-indexes and for
the smart-beta portfolio, the arithmetic daily returns also were calculated, where
another approach were used. The approach will be described with an example for
one of the 1

n -weighted sub-indexes, which contains s = 1,2,3, ...,16 stocks, and
i = 1,2,3, ...,1512 days:

i At day i = 0, each stock were given a weight of w = 100, and the index got a
weight of 16×100 = 1600.

ii The arithmetic daily return were defined as above for all stocks: rs,i =
Pi

Pi−1

iii For all days, on day i, each weighted value for each stock were set to: ws,i =
ws,i−1× rs,i

iv The sum of all ws,i, for s = 1,2,3, ...,16 and day i were set to the new value
for the sub-index, mi.

v The arithmetic daily return were set to mi
mi−1

.

All the values from the above described approach, i.e. the development for all
the sub-indexes, were necessary to calculate the value for each stocks smart-beta,
βi,m.

After the portfolio had been constructed by the strategy described above (see sec-
tion 4.3), the included stocks- and the portfolios arithmetic daily returns were
calculated (for the observed number of days i = 1,2,3, ...,756) in the same way as
described above. The difference in approach occurred at rebalancing date i = 252
(and at i= 504), where the daily return at i= 253 had to be calculated with respect
to the new stocks opening- and closing price the same day. The amount invested
in each stock at re-balancing date were equal to the portfolios value divided by
the number of included stocks. A simplistic version of this works approach is
presented in figure 4:4.1 below:

31 12th of June 2017



BACHELOR THESIS 4 METHOD

Calculate
daily

returnsCalculate
betas

Construct
portfolio Re-

balance
portfolio

Sta-
tistical
tests

Collect
data

Draw
conclu-
sions

Figure 4:4.1 - The process of analyzing data.

Note: The figure doesn’t include the construction of sub-indexes, and the statisti-
cal tests will be performed first when all the collected data over the observed time
periods are retrieved and stored.

4.3.1 Hypothesis testing

The following hypothesis testing regarding research question i and ii were perfor-
med on two samples of data data, (i) portfolio- and benchmark return: ri,p, ri,m
for each day i = 1,2,3, ...,n and period t = 1,2,3; (ii) the portfolios respectively
the index standard deviations, σ j,p and σ j,m for observed subset j, of a period T
(see section 3.5 for procedure). The respective two samples were considered to
be paired data, since e.g. on day i, the portfolio has a certain return that can be
compared to the return of the index the same day.

The tests that has been performed are paired samples t-test which is a parametric
test. The distributions of the variables above and the differences (σ j,p−σ j,m) and
(ri,p− ri,m) are assumed to be normally distributed. This normality assumption
is commonly made among researchers on the subject, but just because of this
practice, it doesn’t necessarily need to hold. A statistically significant result based
non-fulfilled normality requirements are simply not significant. This is the main

32 12th of June 2017



BACHELOR THESIS 4 METHOD

reason why this work provide readers with results from normality tests, histograms
and Q-Q plots for the data that were used in the statistical analyses.

The two hypotheses that were tested are as follows, where the first aimed to an-
swer the first research question:

Can a well diversified portfolio constructed with help from a smart-beta strategy
with stocks from the Swedish stock exchange Stockholmsbörsen repeatedly beat
three benchmark indexes?

(i)
{

H0 : rm = rp
H1 : rp 6= rm

And the second which aimed to answer the second research question:

Can this portfolio strategy significantly be considered to be less risky than in-
vesting in the indexes?

(ii)
{

H0 : σm = σp
H1 : σp 6= σm

The assumptions were, apart from the normality assumption above, that all samples
within each dataset are paired, and that the number of sample differences (e.g.
σ j,m−σ j,p are viewed as a random sample from its own population; no further
assumptions were needed since both tests will have sufficient amount of observa-
tions65.

Our test statistic in each test, t, were calculated in the following way, where xi
and yi denotes an observed pair of data, and i = 1,2,3, ...,n is the number of ob-
servations:

t =
d
σd√

n

where the components are calculated through the following procedure:

i The difference di between the observed pairs were calculated: di = xi− yi

ii The mean difference for all pairs were calculated: d = 1
n ∑

n
i=1 di

65Peck, Roxy & Devore, L. Jay. Statistics: The exploration & analysis of data 7th ed. Boston:
Brooks/Cole Cengage learning, 2012. p, 539
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iii The standard deviation, σd , for the differences di were calculated (see section
3.4 for formula)

iv The degrees of freedom (n f ) for the test were set to n−1.

The tests were performed at a significance level of 95%, i.e. α = 0.05, and by
using the computed test statistic t, with the number of n f will give us a p−value.
If p−value < α , the hypothesis H0 can be rejected. The tests each also provided a
confidence interval, CI, which declares how H1 should be interpreted. In the case
of rejecting H0, the true value of observed differences should lie within the CI
with 95% certainty 66.

In this work the hypothesis testing were performed through the statistical software
SPSS; the input was four arrays of data for each hypothesis: the daily returns
for the portfolio and benchmark indexes (ri,p,ri,m) and j = 1,2,3, ...,27 number
of calculated periodical standard deviations for both the benchmark indexes and
constructed portfolio. For the latter, the total number of daily returns in the four
arrays was be broken down into 27 subsets (containing data of 28 days each),
where the pairs of standard deviations was calculated for each subset.

4.3.2 Linear regression

A simple linear regression analysis between two variables have been performed
as an attempt to answer the third research question:

Is the smart-beta-portfolios periodical standard deviation a significant determi-
nant for the portfolios return?

The total amount of daily returns for the portfolio were broken down into sub-
sets in the same manner as described above, i.e. into j = 1,2,3, ...,27 periods of
returns, each period containing 28 days of data. For each subset, the periodical
standard deviation of returns, σ j,p, and arithmetic average return, r j,p was calcu-
lated in excel (following the approach described in section 3.5). The regression
analysis were thereafter done by using SPSS, where r j,p were set to dependent-,
and σ j,p to independent variable.

To run a linear regression analysis, the data need to fulfill the requirements below:

i - Variables must be on the continuous scale.
66ibid
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ii - A linear relationship must exist between the variables.

iii There can be no outlayers.

iv - Observations must be independent.

v - The data need to show homoscedasticity.

vi - The residual errors of the regression line must be normally distributed67.

This work however assumes that the data fulfills the conditions above, but the sa-
me reasoning regarding normal distribution also applies here. If the data violates
any of the requirements above, the resulting model, even if presented as statisti-
cally significant, might not truly be so. The data have though not been tested for
fulfillment of the requirements.

The test resulted in a p-value, where a p− value < α would indicate that the re-
sulting model is a good fit for the data. The model is of the form be of the form
constant+factor×independent variable, which describes how the independent va-
riable can determine the dependent variable.

4.3.3 Calculation of evaluation measures

Both the IR and SR were calculated on an annual basis manually in excel for all the
periods, by using the composed portfolios daily returns for the periods, rt,p, and
the corresponding values for the benchmark index, rt,m. For the latter ratio, two
different risk-free rates were used, r f 1 and r f 2 (see section 4.4), which resulted in
two different SR, SR 1 and SR 2.

67Lærd statistics. Linear Regression Analysis using SPSS Statistics. n.d. https://statistics.
laerd.com/spss-tutorials/linear-regression-using-spss-statistics.php (Retrieved 2017-04-29)
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4.4 Reflection of methodology

When implementing quantitative studies there are two key conceps one must take
into consideration, validity and reliability. The concept reliability regards the re-
search results and its ability to be repeated, i.e. answers to what degree the data are
measured in a reliable way. Validity regards how well the data collected and used,
measures what is meant to measure68. Below these two concepts will be further
discussed.

4.4.1 Validity

Validity in quantitative research consists of several dimensions, where the ones
relevant for this work will be presented below. First the definition are presented,
followed up by a brief discussion regarding each type, to give the reader opportu-
nity to assess its presence in this work.

External valididy regards if the result from the study can be generalized to a con-
text larger than the one observed69. In this work, the population that are being
observed are loosely defined as the market, and a smart beta bortfolio where their
performances will be compared. The result of the work might not be seen as ge-
neralizable since the observed sample might be assessed as insufficient to draw
general conclusions; and since the observed time period are assessed as a time of
normal market, the work doesn’t include times of bull- and bear market, it can not
be generalizable for all market conditions.

Face validity is a rather intuitive process which deals with the question if the
measurement clearly can be connected to the concept the work focuses on70. In
this particular work, where e.g. standard deviation were seen as a risk-measure,
face validity arose from discussions with the supervisor and business students
regarding the approach, and further through observation of other research.

Concurrent validity regards if the results from the analysis based on new mo-
dels is consistent with results from previous research based on well-established
models71. In this work’s case, the procedure of creating sub-indexes, usage of 1

n -
weighting, calculation of betas, daily returns and standard deviations, assumption

68Bryman, Alan & Bell, Emma. Business research methods 4th ed. Oxford: Oxford university
press, 2015. pp. 49-50

69ibid. pp. 50-51.
70ibid. p. 170
71ibid
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of normality (and so on) are seen as actions well in line with previously research
and its approach. This whereas the creation of sub-indexes as a basis for making
risk more transparent haven’t been observed in any previous research.

Construct validity regards to which degree the devised measures from the theo-
retical framework really reflects the theoretical concept it aims to reflect72. The
variations in returns and standard deviations are the core variables in this work,
which are commonly used measures for return and risk, and are therefore judged
as variables addressed by the experiment. Also the way these variables were ana-
lyzed with well-established and suitable statistical procedures felt well addressed.

Internal validity deals with the causality between observed variables, and to what
degree the conclusions can be seen as reliable73. This work focuses partly on
the causality between standard deviation (risk) and return under assumption of
normality. This assumption itself can be violated, which would reject the works
conclusions. Further, there is a risk that systematic error (selection bias) can occur
in the construction phase of the sub-indexes. The process of selecting stocks into
the sub-indexes were therefore aimed to be as random as possible.

4.4.2 Reliability

As for validity, reliability consists of several elements, where the ones relevant for
this work will be discussed below. First the definition are presented, followed up
by a brief discussion regarding each type, to give the reader opportunity to assess
its presence in this work.

Stability basically deals with the question if the test’s outcome are independent of
time; if two identical tests are performed on the same sample at different times,
there should be a high correlations between the observations74. This work consists
of three measurement-periods of one years each, where the statistical analyses
are performed on the whole time period; due to this, there would be needed an
identical approach with the same samples two check for stability. The approach
of the work, apart from the part of constructing sub-indexes as a basis for risk-
transparency, are though quiet in line with previous research where the results can
be compared, which contributes to the works stability.

Inter-rater reliability regards if the measurement process and research is free from

72ibid. p. 171.
73ibid. p. 50.
74ibid. p. 168.
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systematic error75. This type of reliability mainly comes into focus at the sample
selection of stocks into the portfolio, but also at the implementation of calculation
and statistical testing. To assess the degree of inter-rater reliability, one could let
several individuals perform the same procedures as outlayed in this work, and then
compare the results and the correlations between them.

Replication regards to what degree the research and its method are possible to
replicate, i.e. others should, by using the same method, data and approach, reach
the same result. The research should be objective, free from expectations and bias
from the researcher, and contain explicit explanations of all the relevant proce-
dures76. The writer of this work aimed to keep an objective view with support in
previous research, and put a large focus to support readers with all possible infor-
mation in form of models, formulas, assumptions, explanations, observed period,
and so on, enabling them to replicate the project in an identical way.

Even though the methodology have been the main focus of this work, there are
numerous ways in which the outcome can have been incorrect at implementation.
The data collection, the process of generating measurements/sub-indexes and the
statistical analyses are extra sensitive for errors; these procedures have therefore
been performed with the highest possible caution.

75ibid. p. 170.
76ibid. p. 50.
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5 Empirical data and analysis

Below the result of this study will be presented. In the initial section, visual results
such as performance graphs and tables including evaluation measures etcetera
will be shown. The sections following will display the outcome of the performed
statistical analyses, and what conclusions that can be made by on the basis of
them.

5.1 Visual results

The constructed smart-beta-portfolio and its performance compared to the three
benchmarks will below be illustrated with a few graphs and tables. The included
stocks in the portfolio, that were included on the basis of an even-spread of smart-
beta at period t from each sub-index, can be observed in appendices 1− 5. The
complete set of stocks, their calculated daily returns, standard deviations, smart-
betas and portfolio betas can be observed in the attached excel-file.

Figure 5:1.1 - The portfolio versus OMXS30

In figure 5:1.1 above, the portfolio’s performance against the most fair benchmark
(due to equal size and exclusion of dividends) are illustrated. Except from a short
period during 2014, the portfolio outperforms the index in terms of return.
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Figure 5:1.2 - The portfolio versus SIX30RX

In figure 5:1.2 above, the portfolio’s performance against a less fair benchmark
(due to equal size but with inclusion of dividends) are illustrated. During the first
half of the total observed period, the performance seem similar, while on the later
half of the period, the portfolio outperforms the index.

Figure 5:1.3 - The portfolio versus OMXSPI

In figure 5:1.3 above, the portfolio’s performance against the probably best re-
presentation of the market (due to its complete inclusion of listed companies at
Stockholmsbörsen) are illustrated. Similar to the previous figure, the portfolio se-
em to perform equivalent as the index the first half, and outperforms the index the
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second half of the observed period.

Figure 5:1.4 - Accumulated return over the observed period for the portfolio and
the indexes

In figure 5:1.4 above, the accumulated returns over the observed time period for
the portfolio and the three benchmark-indexes are illustrated. By visual observa-
tion, the returns seem in general to follow a pattern in terms of volatility for the
portfolio and the indexes. OMXS30 delivers the lowest return whereas OMSPI
and SIX30RX seem to perform rather equally on the second place. The portfolio
outperforms all the three benchmarks.

Table 5:1.1 - Performance and evaluation measures for the portfolio and the
benchmark indexes

In table 5:1.1 above, the returns for figure 5:1.1-5:1.3 are quantified and comple-
mented with evaluation measures. Except from a significantly higher return for
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the portfolio, the annual standard deviation is smaller than for the benchmark-
indexes, implicitly meaning it bears less risk. Following from SR 1 and SR 2 (The
first calculated with short-term-, the latter with long-term risk-free rate), the port-
folio delivers the highest risk adjusted return, where the evaluation criteria simply
is the higher the better. The portfolios SR and annual standard deviation are hig-
her respectively lower than corresponding values for several smart-beta-portfolios
constructed on the American market77. The IR tells us that the portfolio performed
best against OMXS30, followed up by OMXSPI and SIX30RX, where an IR> 0,75
are considered as very good, IR > 0,5 as good78. All the IR are higher than for
several smart-beta-portfolios on the American market79, but these portfolios are
observed over a significantly larger time period, making an comparison unfair.

Table 5:1.2 - The portfolios and components from sub-indexes beta at three points
in time

In table 5:1.2 above, the portfolios- and included stocks from sub-indexes beta at
construction- and at re-balancing balancing dates are illustrated (see section 3.4.1

77Amenc, Noël & Goltz, Felix & Martellini, Lionel. Smart beta 2.0. Position paper (2013). pp.
1-36.

78Kidd, Deborah. The sharpe ratio and the information ratio. Investment risk and performance.
Vol. 2011 no. 1 (2011): pp. 1-4

79Hsu, Jason & Kalesnik, Vitali & Li, Feifei. An investor’s guide to smart beta strategies. AAII
Journal. (2012): pp. 11-14
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for approach). It can be observed that over time, except for information technology
and telecom, there is a trend of decreasing beta for the sets of included stocks.

Table 5:1.3 - Performance for the portfolio and its contributing stocks sub-indexes

In table 5:1.3 above, the total return, annual standard deviation and sharpe ratio for
the included stocks from each sub-index (which together generates the portfolios
corresponding values) are illustrated. What can be seen is that the stocks from
sub-indexes groceries and information technology and telecom provides the least
to the risk adjusted return of the portfolio, whereas the others contributes fairly
more.

In summary, the conclusions that can be drawn from this section is that the port-
folios performance in terms of return, standard deviation and evaluation measures
are good compared with the benchmarks. In the following sections, the results of
the statistical analysis associated each research question will be presented.
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5.2 Statistical analyses and results

This work have tested three research questions statistically with help from the
statistical software SPSS. The analyses, results and conclusions from each test
will be presented in the following subsections.

5.2.1 Hypothesis test 1

The input for the hypothesis test 1, as described in section 4.4.1 were the complete
set of daily returns for the portfolio, ri,p and the benchmark indexes, ri,m. All
the daily returns for the portfolio and benchmark indexes can be observed in the
attached excel-file. In table 5:2:1.1 below, the initial average differences between
these variables are illustrated.

Table 5:2:1.1 - Initial differences between portfolio- and benchmark returns

The average daily return for the portfolio are higher than for all the three of the
benchmark indexes, implying that if there is a significant difference between any
of the pairs, it should result in a rejection of H0 and confirmation of ri,p > ri,m.

The correlations between the portfolio’s daily returns and corresponding values
for the different benchmark indexes are illustrated below in table 5:2:1.2.
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Table 5:2:1.2 - Correlation coefficients between the portfolio’s- and the bench-
mark indexes daily returns

In the table above, one can see that there is a statistically significant high correla-
tion between the variables in each observed pair (0,05 > p− value).

In table 5:2:1.3 below, the result from the performed paired sample t-test are pre-
sented.
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Table 5:2:1.3 - Result from paired sample t-test

By interpreting the table above one gets the following:

Difference between portfolio and OMXS30: t757 = 1,444, p− value = 0,149 >
0,05

Difference between portfolio and SIX30RX: t757 = 0,742, p− value = 0,458 >
0,05

Difference between portfolio and OMXSPI: t757 = 1,042, p− value = 0,298 >
0,05

hence it could not be shown that there exists a significant difference between any
of the indexes- and the portfolio’s daily return, i.e. H0 can not be rejected in neither
of the cases. The first observed pair were the one with a p−value closest to giving
a rejection of H0.
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5.2.2 Hypothesis test 2

The input for the second hypothesis test, as described in section 4.4.1, were a set
of 27 periodical standard deviations for both the portfolio, σ j,p and the benchmark
indexes, σ j,m. In appendix 7, the input can be observed; observations where σ j,p <
σ j,m for any benchmark are highlighted in green. In table 5:2:2.1 below, the initial
average differences between these variables are illustrated.

Table 5:2:2.1 - Initial differences between portfolio’s- and benchmark periodical
standard deviations

The average periodical return for the portfolio is lower than for all the three of the
benchmark indexes, implying that if there is a significant difference between any
of the pairs, it should result in a rejection of H0 and confirmation of σp < σm.

The correlations between the portfolios periodical standard deviations and corre-
sponding values for the different benchmark indexes are illustrated below in figure
5:2:2.2.

Table 5:2:2.2 - Correlation coefficients between the portfolio’s and the benchmark
indexes periodical standard deviations
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In the table above, one can see that there is a high significantly correlation between
the variables in each observed pair (0,05>p− value).

In table 5:2:2.3 below, the result from the performed paired sample t-test are pre-
sented.

Table 5:2:2.3 - Result from paired sample t-test

By interpreting the table above, one gets the following:

Difference between portfolio and OMXS30: t26 =−5,142, p− value < 0,05
(95% CI [−0,0137, −0,0059])

Difference between portfolio and SIX30RX: t26 =−4,948, p− value < 0,05
(95% CI [−0,0134, −0,0055])

Difference between portfolio and OMXSPI: t26 =−3,3447, p− value < 0,05
(95% CI [−0,0081, −0,0021])

hence the tests shows that there is a significant difference between the variables σp
and σm, leading to a rejection of H0 in all three cases. This in favor of H:1: σp 6=
σm; which due to negative mean values for all differences σp−σm and resulted
CI implies that σp < σm applies at a significance level of 95%. This means that
the true difference between the portfolio’s and the different benchmarks periodical
standard deviations, with 95% certainty lies within each resulted CI.
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5.2.3 Linear regression analysis

The input for the linear regression analysis, as described in section 4.4.2, were
again a set of 27 periodical standard deviations for the portfolio return, σ j,p and
an equal large set of arithmetic average return, r j,p for the corresponding period.
All the input can be observed in appendix 6.

In table 5:2:3.1 below, the result from the performed paired sample t-test, and
Anova analysis are presented.

Table 5:2:3.1 - Initial summary of regression test

By looking at the table above, one can see that there is a very low correlation
between the variables (R = 0,012), and that the dependent variables variance to a
non-existent degree can be explained by the independent variable (R2 = 0.000).

The p-value from the Anova analysis (p-value*) describes how well the regression
equation (given in the next table) fits the data that were subject for the analysis.
The table here indicates that there is no statistically significance for the regression
model (p− value = 0,953 > 0,05), i.e. the resulting model does not statistically
significantly predicts the dependent variable. Despite this, one more table and
figure from the analysis are presented below.
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In table 5:2:3.2 below, the coefficients for the regression equation will be illustra-
ted.

Table 5:2:3.3 - Table of coefficients

By using the coefficients in the table above, one gets the regression equation:

r j,p = 0,017−0,031×σ j,p.

In figure 5:2:3.1 below, the linear regression regression line for this equation in
combination with the observed values will be illustrated.
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Figure 5:2:3.1 - Linear regression line for the model

By observing the figure above (note that the regression equation is rounded to two
decimal places), one can see that there doesn’t seem to exist a correlation between
the portfolios periodic return and standard deviation. This gets support from the
previously illustrated tables and presented data in this section, i.e. the proposed
regression equation: r j,p = 0,017− 0,031×σ j,p is not a statistically significant
equation for the relationship between periodical return and standard deviation.
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5.2.4 Summarize of tests

Based on this complete work’s approach and the assumptions adopted regarding
the data, the following conclusions can be made for the associated research ques-
tions:

i Hypothesis 1 - Can a well diversified portfolio constructed with help from a
smart-beta strategy with stocks from the Swedish stock exchange Stockholms-
börsen repeatedly beat three benchmark indexes?{

H0 : rm = rp
H1 : rp 6= rm

This hypothesis got no support from the statistical analyze and H0 could not be
rejected; i.e. one can not say that the portfolio’s return are statistically significantly
higher than for any of the three benchmark-indexes over the observed period.

ii Hypothesis 2 - Can this portfolio strategy significantly be considered to be
less risky than investing in the indexes?{

H0 : σm = σp
H1 : σp 6= σm

This hypothesis got support from the statistical analyze and H0 could be rejected;
i.e. one can say that the portfolio’s periodical standard deviation are statistically
significantly smaller than for any of the three benchmark-indexes over the obser-
ved period.

iii Research question 3 - Is the smart-beta-portfolios periodical standard
deviation a significant determinant for the portfolios return?

This regression analysis resulted in a regression equation:

r j,p = 0,017−0,031×σ j,p

which is not statistically significantly valid, i.e. the independent variable σ j,p and
its associated constant does not determine the dependent variable r j,p.
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6 Discussion of results

The first section below will discuss the results of this work, with a point of view
from the theoretical framework; the latter sections will present what general con-
clusions that can be drawn, what the main limitations have been and give propo-
sals for further research on the subject.

6.1 Discussion

This work have constructed a smart beta portfolio and compared its performan-
ce in terms of return and risk to three benchmark indexes, and the connection
between the portfolio’s risk and return were analyzed. The approach resulted in
a portfolio with higher return and lower risk than the benchmarks, where the lo-
wered risk were the only result that were statistically significant.

The goal of this work was to investigate whether it was possible to construct a
portfolio based on a risk transparent strategy, with higher returns and lower risk
than the market, which were represented by three benchmark indexes. The star-
ting point of this work consisted mainly of criticism against EMH and CAPM,
supported with surrounding theoretical framework. By just looking at the results
in terms of return from this study, it indicates that the market observed aren’t fully
efficient and CAPM might not prevail, i.e. active investing strategies at the obser-
ved market and period led to an outperforming of the passive strategy to replicate
any of the market indexes. Either the result can be seen as an observed anomaly,
contributing to the disproval of CAPM and EMH, or it can be seen as an random
outcome with no similar properties.

The results from this study however, seem to be well in line with previous rese-
arch on smart beta strategies. It should be mentioned that the comparison have
been done with results derived from different markets than the one observed, but
the writer of this work argues that this is irrelevant in the context. For example,
American investors can act on the Swedish stock exchange, and vice versa, which
is the main reason for the approach in comparison with previous research.

Firstly, by looking at portfolio strategies based on 1
n -weighted indexes carried out

by researchers on other markets80, the portfolio delivered similar returns, clear-

80Fernández, Pablo & Carelli, Jose Paulo & Ortiz, Alberto, The Market Portfolio is NOT effici-

53 12th of June 2017



BACHELOR THESIS 6 DISCUSSION OF RESULTS

ly above the benchmarks. The composed portfolio also delivered lower annual
standard deviation and higher SR than the benchmark indexes, which is in line
with previous results from GMV- and MSR models respectively81. When looking
at previous results based on fundamental based indexing strategies, the portfolio’s
results in terms of SR and annual returns are similarly outperforming the capi-
tal weighted benchmark index82. The same study also presents results from 1

n -
weighted index which also delivers higher SR and annual returns than the bench-
mark. Lastly, the result of this study are in line with research presenting a minimum
variance portfolio, with higher return, lower standard deviation and higher SR than
the benchmark index83; the same study also delivers results from a fundamental-
and 1

n -based strategy, but these portfolios got higher standard deviation than the
benchmark index. The composed portfolio also delivered higher IR than these th-
ree studied smart beta portfolios84.

So in summary, the composed portfolio behaved similarly to other previously
composed portfolios. But one has to remember that there is no direct fair portfolio
to compare with since the approach this work uses are based partly on previously
used methods and partly on experimental methods. But regardless of this, suppor-
ted by the evaluation measures and performance of the portfolio (see table 5 : 1.1),
the work illustrates a result that are in conflict to what CAPM and EMH predicts.

By looking at risk in terms of standard deviations, the risk was almost completely
consistently lower for the portfolio than for the benchmarks (see appendix 7). As
above in section 3.3.4, the occurrence of financial crises speaks against CAPM85;
and the writer of this work believes that the approach made to make risk mo-
re transparent could be of use for people wanting to contribute to a decrease of
the systemic risks, without sacrificing returns. The correlation between risk repre-
sented by standard deviation and return could not be proven in this work, which
others also have failed at proving (but with risk represented by beta), something
which again speaks against CAPM86. When looking at the calculated short- and

ent: Evidences, consequences and easy to avoid errors. Occasional paper (2016). pp. 1-17.
81Amenc, Noël & Goltz, Felix & Martellini, Lionel. Smart beta 2.0. Position paper (2013). pp.

1-36.
82Amenc, Noël & Goltz, Felix & Lodh, Ashish. Smart beta is not monkey business. The journal

of index investing. Vol. 46 no. 7 (2016): pp. 12-29.
83Hsu, Jason & Kalesnik, Vitali & Li, Feifei. An investor’s guide to smart beta strategies. AAII

Journal. (2012): pp. 11-14
84ibid
85Dempsey, Mike. The capital asset pricing model (CAPM): The history of a failed revolutionary

idea in finance? Abacus. Vol. 49 (2013): pp. 7-23.
86Fama, F. Eugene. Efficient capital markets: II. The journal of finance. Vol. 46 no. 5 (1991):

pp. 1575-1617.
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long term SR for the portfolio and the benchmarks in table 5:1.1, it is clear that the
portfolio outperforms all of these market candidates. This implies that the portfo-
lio places itself above the CML, regardless of benchmark, which contradicts the
predictions of EMH87.

Regarding the statistical analyses, only hypothesis 2 got a statistically significant
rejection of the zero hypotheses, indicating that the strategy used to construct
the portfolio generated a less risky portfolio than the benchmark indexes. This
whereas the same portfolio’s return weren’t statistically significantly higher. As a
final test to confirm the results, the writer did test if the normality assumptions did
hold for each of the hypothesis, with the following result:

i The normality assumption doesn’t hold, neither for the smart beta portfolio’s-
nor for the benchmark indexes daily returns (see appendix 8− 10 for histo-
grams, Q-Q plots and summary).

ii For hypothesis 1, only the differences rp− rOMXS30 and rp− rSIX30RX could
statistically significantly be assessed as normally distributed (see appendix
11).

iii For hypothesis 2, none of the spreads between portfolio’s- and benchmark in-
dexes periodical standard deviations could statistically significantly be judged
as normally distributed (see appendix 12).

These results contradicts the assumptions made in this work regarding the two
hypothesis that were tested, making both the rejection and non-rejection for the
hypotheses questionable.

Regardless of this, the performance for the portfolio, both in terms of risk and
return, is seen as an indication that the market represented by an index doesn’t de-
liver optimal return with respect to risk. Replicating market capitalized weighted
indexes brings the risk of being over-/under exposed in over-/under valued stocks.
This whereas 1

n -weighted indexes are less exposed for this particular risk. By furt-
her basing a portfolio on an equal amount of stocks from sub-indexes, all with an
even spread of smart beta, the risks should be lower since the portfolio are not
over exposed in any industry.

The main result that are to be emphasized are the reduction of the portfolio’s
standard deviation and its evaluation measures. The most common explanation

87Bodie, Zvi & Kane, Alex & Marcus, J. Alan. Investments 10th ed. New York: McGraw-Hill
Irwin, 2014. pp. 187-189
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for bubbles that burst in the economy (leading to financial crises), are investors
who speculates on the market, putting to much reliance on companies future per-
formance. This causes over valuated stocks, and when investors realize the true
value of these stocks, prices fall. By using a similar strategy as used in this work,
risk can be more transparent with respect to different industries; by 1

n -weighting,
the exposure to over valued stocks gets lowered, and risk can more accurately be
controlled by both suitable re-balancing periods and a chosen range of smart beta
values within chosen stocks have to belong. As a result from this, the systemic risk
should be lowered.

6.2 General conclusions

From the result of this study, as well as from other studies, CAPM is a deficient
model when looking at the connection between risk and return. As mentioned in
section 3.3, CAPM builds on several crucial assumptions, and it is here not pos-
sible to pin down exactly which of the assumptions in the model that contributes
the most to this rejection. Regarding EMH, this work doesn’t provide sufficient in-
formation to determine to which degree (strong, semi-strong or weak) the market
observed are efficient.

The general conclusions that can be drawn is simply that there seem to be possible
to lowering the risk without giving up return, possibly contributing to lowering of
the systemic risk. There also seem not to exist a correlation between risk and
return. But one must remember that when the statistical methods used gave a
significant result, the data couldn’t be proven to be normally distributed (and vice
versa), meaning that the results of this study has no true statistical significance.
To reconnect with the research questions, they will again be presented below with
the associated conclusion.

i Can a well diversified portfolio constructed with help from a smart-beta stra-
tegy with stocks from the Swedish stock exchange Stockholmsbörsen repeated-
ly beat three benchmark indexes? - The illustrative results in section 5.1 shows
that the portfolio outperforms the benchmarks. The statistical tests however,
does not provide sufficient data to generalize the results.

ii Can this portfolio strategy significantly be considered to be less risky than
investing in the indexes? - The difference between the portfolio’s and bench-
marks periodical standard deviations (see appendix 7) indicates that the port-
folio bears less risk. The statistical tests does provide sufficient data to gene-
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ralize the results, the data however could not be proven to be normally distri-
buted.

iii Is the smart beta portfolio’s periodical standard deviation a significant deter-
minant for the portfolio’s return? - The resulting regression equation did not
fit the data statistically significantly well, i.e. the portfolio’s standard deviation
does not seem to determine return.

6.3 Limitations

The important limitations for this work were completely due to the limited amount
of time, where the most relevant ones are presented below.

The amount of stocks included in each sub-index, and the size of portfolio had
to be kept at 16, which is considered as relatively low. Another limitation was
the length of the period observed, which was considerably less than the studies
which the results were compared to. The exclusion of dividends were a delimita-
tion that might have influenced the result.Also the re-balancing period for the used
1
n -weighting of one year where a limitation, where previous research, as discussed
above, used between daily- to quarterly re-balancing periods.

6.4 Proposals for further research

For further research on the same subject, the writer mainly proposes to more strict-
ly define what index best represents the market both with respect to size and in-
clusion/exclusion of dividends. For example, growth- and value stocks often have
different levels of dividends, which creates a potential drawback of using indexes
with excluded dividends. The writer also proposes to use larger samples, both with
respect of stocks in the sub-indexes and time. The size of portfolio recommended
to be kept the same, i.e. containing n = 30 stocks, similarly to the common bench-
mark OMXS30. But if the research are based on an larger index as market repre-
sentative, e.g. the OMXSPI, the size of the portfolio should be increased. Also,
the re-balancing period are suggested to be set to shorter intervals between daily
and quarterly, intervals which were observed in previous results for 1

n -weighted
portfolios. The final proposal is to test the data observed for normality, and that it
actually fulfills the conditions described in section 4.4.1 (hypothesis testing) and
4.4.2 (linear regression); by doing this, the results achieved will regardless of re-
sult be statistically correct. If the data aren’t normally distributed, it is suggested
to find the most suitable distribution and non-parametric test that best fits the data.
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8 Appendices

Appendix 1: Included stock from sub-index finance and real estate at period t.

Appendix 2: Included stock from sub-index groceries at period t.
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Appendix 3: Included stock from sub-index Industrial goods, material and
services, at period t.

Appendix 4: Included stock from sub-index information technology and telecom
at period t.
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Appendix 5: Included stock from sub-index energy, power supply and rarities, at
period t.
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Appendix 6: Periodical standard deviations and returns for the smart beta
portfolio and benchmark indexes (used in hypothesis 2 and the linear regression

analysis)
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Appendix 7: The spread of the smart beta portfolios and benchmark indexes
periodical standard deviations (used in hypothesis 2)
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Appendix 8: Histograms of smart beta portfolio- and benchmark indexes daily
returns over the observed period.
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Appendix 9: Normal Q-Q plots for the smart beta portfolios- and benchmark
indexes daily returns over the observed period.
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Appendix 10: Result from normality test for the smart beta portfolios and
benchmark indexes daily returns (*Kolmogorov-Smirnov-, **Shapiro-Wilk

normality test).

Appendix 11: Result from normality test for the spread of the smart beta
portfolios and benchmark indexes daily returns, for hypothesis 1

(*Kolmogorov-Smirnov-, **Shapiro-Wilk normality test).

Appendix 12: Result from normality test for the spread of smart beta portfolios
and benchmark indexes periodical standard deviations, for hypothesis 2

(*Kolmogorov-Smirnov-, **Shapiro-Wilk normality test).
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