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I 

Abstract 
This essay will compare the capital asset pricing model (CAPM), Fama and French three-

factor model and Carhart´s four-factor model, to see which of these models that can explain 

portfolio excess returns best on the Swedish stock market. This thesis will tempt to validate 

the three and four-factor models because of the limited amount of research done on the 

Swedish stock market. The results indicate that the three-factor model improves explanatory 

power for portfolio returns in comparison to the CAPM, and the four-factor model gives a 

small improvement in the explanatory power compared to the three-factor model. The results 

also indicate that all models have a low explanatory power when the market is volatile.  

 

Keywords: Fama and French three-factor model, Carhart´s four-factor model, Capital Asset 

Pricing Model (CAPM), portfolio returns, excess returns, Swedish stock market. 
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1. Introduction 
1.1 Background 

Many investors globally seek to estimate expected return on portfolios and cost of equity on 

individual stocks. They rely on different models which can estimate both expected returns and 

the cost of equity. For example, it is crucial for portfolio managers to know expected returns 

and for companies to estimate the cost of equity.  

 

The capital asset pricing model (CAPM) of William Sharpe, John Lintner, Jan Mossin and 

Jack Treynor is one of the most popular model due to the fact that the model offers an easy 

and useful way to measure risk, expected return and the cost of equity.  

The CAPM has been exposed to a lot of criticism because of the empirical record is limited. 

For example, the model lacks the ability to explain all of the returns for a portfolio consisting 

of various stocks. The CAPM also have some assumptions that are in some ways problematic. 

For example, the case with the market portfolio that some researchers refer to as God´s 

portfolio. Meaning that it is a portfolio consisting of all assets in the world. But this is very 

impractical to use, because the market portfolio cannot be observed. 

But despite all the criticism to CAPM, many chief financial officers use the CAPM to 

estimate the cost of capital. Graham and Campbell (2001) found that 73.5% of all the CFOs 

used CAPM to find the cost equity, because of its simplicity the CAPM is used to a greater 

extent than the three-factor model to find cost on equity.  

(Bartholdy & Peare. 2002, Bodie et al. 2014, pp 291-316) 

 

In the 1980´s, research papers started to appear that identified price anomalies on the US 

stock market. For example, Rolf W. Banz (1981) presented a paper where he found that firms 

with a low market capitalization tend to outperform large cap stocks. 

Another researcher by the name Sanjoy Basu (1983) found that value stocks (i.e. stocks with 

high book-to-market ratio) outperforms growth stocks (i.e. stocks with low book-to-market 

value). Kenneth French and Eugene Fama based their paper on the work from Basu and Banz 

among others when they in 1992 presented the three-factor model for the first time. Since 

then, the authors have continued to write papers on the subject, with the goal of improving the 

empirical evidence for the three-factor model and other multifactorial models. 
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In their paper in 1992 they added two factors to explain expected returns better than the 

CAPM, the two factors where book-to-market ratio (BE/ME) and market capitalization (ME). 

(Fama & French 1992, Bodie et al. 2014, pp 226-431). 

 

In 1997 Mark Carhart presented a paper that evaluated mutual funds. The paper based it 

empirical findings on the three-factor model. Carhart took the three-factor model and added a 

fourth factor, which was the momentum factor. According to his paper, the fourth factor 

increased the accuracy in measuring portfolio returns compared to the three-factor model.  

(An-Sing & Shih-Chuan 2009, Bodie et al. 2014, p 432) 

 

1.2 Problem discussion 

The problem that will be addressed in this paper is whether the three-factor model and the 

four-factor model can explain portfolio returns better than the CAPM. In this thesis, the 

investigation will focus on whether the empirical findings found on the USA stock markets 

for the three-factor model and the four-factor models also can be found on the Swedish stock 

market. 

It exists little research on how their thesis holds up on the Swedish stock market and if the 

models are better at explaining portfolio returns than the CAPM model. This thesis will try to 

validate if the models empirical findings on US stock markets can be found on the Swedish 

stock market. 

 
1.3 Purpose  

The purpose of this thesis is to investigate if the Fama-French three-factor model and the 

Carhart four-factor model can explain portfolio results better than the CAPM model on the 

Swedish stock market.  

My thesis will have three specific research questions: 

Does the Fama-French three-factor model explain portfolio returns better than the CAPM on 

the Swedish stock market?  

Does the Carhart four-factor model explain portfolio returns better than the CAPM on the 

Swedish stock market?  

Which model is best for portfolio managers to use on the Swedish stock market? 
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1.4 Limitations 

This paper limits its research to only include companies that are listed on Nasdaq OMX large 

or mid cap list under the selected time period of 2010-2015.  

The reason to only include large and mid cap companies is because of the limited accessible 

information for small cap stocks and because they have small trading volumes, which can 

affect stock prices and ultimately the results.  

The time period was chosen because of the limited amount of time and also because in 

Bartholdy and Peare (2002) paper, they suggest that the beta values in the three-factor model 

and CAPM can become bias if the research period is longer than five years.  

 
1.5 Outline     

This paper has the following outline.  
 
Part 2: The models are introduced and the formulas behind the models are presented. 
Furthermore, other research papers with similar orientation are presented.  
 
Part 3: The method used in this paper is introduced in detail.  
 
Part 4: The results are presented and analyzed. 
 
Part 5: A discussion part, the conclusion of the paper and also thoughts and ideas for future 
research is presented.   
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2. Theoretical Background 
2.1 Capital Asset Pricing Model (CAPM) 

The capital asset pricing model were first introduced in the 1960´s when William Sharpe, 

John Litner, Jan Mossin and Jack Treynor presented a series of papers and developed the 

CAPM. For the CAPM model to work, assumptions are made that are simplified and 

generalized. The assumptions of CAPM are: 

1. Individual behaviour  

a. Investors are rational, mean-variance optimizers 

b. Their planning horizon is a single period  

c. Investors have homogeneous expectations 

2. Market structure  

a. All assets are publicly held and trade on public exchanges, short positions are 

allowed, and investors can borrow or lend at a common risk-free rate. 

b.  All information is publicly available 

c. No taxes 

d. No transaction costs. 

(Bodie et al. 2014, p 304) 

The model also assumes that an investor bear two types of risks. It is the systematic risk, 

which refers to the risk that companies themselves cannot effect in any way. For example, the 

global financial crisis that hit the world in 2008, that is something that an individual company 

itself can not affect in anyway and investors cannot diversify away this type of risk. 

The other type of risk that an investor can hold is called the firm-specific risk. But this type of 

risk can be diversified away. For example, if an airline company’s employees go on a strike, 

the strike will affect the airline stock negatively but the incident itself will not affect other 

companies (as long as the strike only affect that specific company) nor industries. If an 

investor therefore diversifies his or her portfolio properly, the portfolio will not be affected by 

the airline company´s strike, but if a financial crisis hit then the investor´s portfolio will be 

affected.  
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Diversifying a portfolio means adding stocks so that the variance term (firm-specific risk) in 

the portfolio drops. The systemic risk and the firm-specific risk added together is the total risk 

for an asset, it is expressed mathematically: 

!"
# = %"

#!&
# + !#()*) 

 

The %"#!&#  describes the systemic risk and will always be present even if the investor adds 

more assets. The term	!&#  is the market-index risk. The term  !#()*) which is the firm-

specific risk can be diversified away.  

The formula for the term is: 

!# )* = (
1
.
)#

/

"01

!# )" = 	
1
.
!#()) 

 

In this formula n stands for the amount of assets, the variance of the portfolio drops if more 

assets are added to the portfolio. Eventually the variance term for the assets will cancel out, 

because of the law of averages. The law of averages can be implied because of the )" terms 

are independent and have zero expected value. (Bodie et al. 2014, pp 259-264). 

The investors will therefore be rewarded for the systematic risk that they hold for the 

diversified portfolio and not the firm-specific risk. 

The formula for the market beta of asset i according to CAPM is: 

%&" = 	
234(5", 57)
!#(57)

 

 

In words the formula describes that the market beta of asset i is equal to the covariance 

between the returns of asset i and the market portfolio divided by the variance of returns in the 

market portfolio.  

The formula gives a market beta value for asset i, this value describes how the asset will 

correspond to the market portfolio. If %"=1 the asset will move as the market portfolio, If %">1 

then the asset will be more volatile than the market portfolio and if %"<1 then the asset will be 

less volatile than the market portfolio. If an investor has a market beta of the asset that is 

higher than one, they will expect higher returns than the market portfolio, but also the asset 

will be more volatile than the market portfolio. The market beta of an asset is also the slope in 

the CAPM equation and (8 57 − 5:) coefficient is the market risk premium. This describes 
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how much returns an investor will demand to bear one more unit of risk. (Sharpe 1964, Bodie 

et al. 2014, pp 291-316) 

The CAPM function: 

8 ;" = ;: +	%7"	[8 57 − 5:] 

 

The variables can be explained as follows: 

8 ;"  = The expected return on asset i.  

5: = The risk-free interest rate in government bonds. 

%" = Market beta of asset i. 

8 ;7  = Expected return of the market portfolio. 

 

Unfortunately, this model cannot be tested in a regression analysis because to actually test the 

CAPM, the market portfolio must first be gathered and that is impossible. Therefore, an assets 

true market risk can never be observed. Instead it is common to use the S&P 500 index as a 

substitute for the market portfolio. Therefore, an assets true market beta can never be 

estimated.  

The regression function will be: 

;" − ;: = > + %1 ;7 − ;: +	?"		 

 

;" = The return on asset i 

;:= The risk-free interest rate in government bonds 

> =Intercept of the regression line   

;7 = Return of the market portfolio. 

%1 = Beta value of the independent variable rm-rf 

?" = residuals of the regression model 

 

The term ;" − ;: is the excess returns for asset i. The returns of asset i is subtracted with the 

risk free rate. When the CAPM are tested, the risk free rate that is most commonly used is the 

rate of a government bond and the return on the market portfolio usually is the returns for the 

S&P 500 index or some other stock index of similar character. (Black, Jensen & Scholes 

1972) (Bodie et al. 2014, p 291-316) 

Unfortunately for the CAPM, the market beta alone does not explain expected excess returns 

on assets. That is why the CAPM have been exposed to criticism over the years. For example, 
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the criticism has been concerning the low explanation rate for expected excess returns and 

assumptions over the “market portfolio”. Empirical tests show that the CAPM does not 

capture market anomalies like size and value effects. That is why Fama and French started 

working on the three-factor model, they added variables to capture these markets anomalies 

and they tried to find a model that could explain assets returns better, which they also did in 

1992. The negative side of the CAPM is also a positive one, it only has one beta value 

explaining stock returns and therefore the model is simple to use and popular. The models 

described below will add more beta factors to explain returns better than the CAPM. (Fama & 

French 2004). 

 

2.2 The arbitrage pricing theory (APT) 

The APT model was developed by Ross (1976) and the model relies on three key 

propositions: 

1. Security returns can be described by a factor model 

2. There are sufficient securities to diversify away firm-specific risk 

3.  Well-functioning security markets do not allow for the persistence of arbitrage 

opportunities 

The APT formula is: 

8(;") 	= 	;: 	+	%"1	@	1 +	%"#@#+	. . +	%/@/ 

 

8 ;"  = The expected return on asset i.  

;: = The risk-free interest rate in government bonds. 

%"B = Asset beta sensitivity to different risk factors 

@	B = The risk premium of the factor  

k= (1,2 … n) number of the factor   

 

The model assume that it exists n factors that affect the expected rate of return for asset i. 

Compared to the CAPM that only have one beta factor that affect the expected rate of return 

for asset i. Both the CAPM and the APT shows that expected return is a linear function of 

asset i sensitivity to the systemic risk. The APT has n sources for the systemic risk factor 

compared to the CAPM that only have one. The CAPM b describes how the asset will 

correspond to the market portfolio, which usually is a stock index. The APT b describes how 

asset i will correspond to the factors that are choose to be included in the model. The CAPM 
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model can be seen as a special case of the APT, with only one specific b factor.  

The model`s main use for investors is to exploit arbitrage possibilities and see if the 

theoretical price for asset i differ from the real prices of asset i, if asset´s i is mispriced than an 

arbitrage opportunity emerges for the investor. Bodie et al. 2014, pp 328-338) 

 
2.3 Fama-French Three-factor model  

Kenneth French and Eugene Fama presented a paper, the cross-section of Expected Stock 

Returns (1992), were they investigated variables that could explain cross-section expected 

stock returns better than the beta value in the CAPM. They found two anomalies that the 

CAPM could not explain, it was the book-to-market equity ratio (BE/ME) and the size of 

company (market capitalization). They discovered that size has a negative relationship 

between average returns and firm size and also that stocks with high BE/ME ratios have 

higher average returns. (Fama & French 1992). 

They also tested other variables like leverage and earnings/price ratio. But it was the size and 

BE/ME factor that showed the most promising results and it was these two variables that they 

used to create the three-factor model. The three-factor formula is an extended version of the 

CAPM, the first factor is the same as in the CAPM which is the beta value for the asset.  But 

in the three-factor model it also exists two others beta coefficients, this means that the beta is 

divided in to three beta coefficients. (Fama & French 1992) 

In their paper they discuss why these variables work so good, in their paper they write: 

 

If assets price are priced rationally, our results suggest that stock risks are 

multidimensional. One dimension of risk is proxied by size(ME). Another 

dimension of risk is proxied by BE/ME. (Fama & French 1992, p 2). 

 

But they do not really give a good answer to why it works, instead they have released more 

papers and are still providing data through Kenneth French (2016) own website.  

Instead of presenting a good explanation to why these factors work, they present more data on 

different assets, time-periods and markets to show that their model outperform the CAPM.  

 

The three-factor model´s first factor describes how the asset correspond to the market 

portfolio, factor two in the model is size and it is called SMB and stands for Small market 

capitalization Minus Big market capitalization. The SMB coefficient measures historical 

excess return of small caps over large caps companies. This factor will be measured by taking 
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the number of shares outstanding at the end of June at year t and multiply it by the current 

stock price at the same time. (Fama & French 1993). 

Factor three is HML and it stands for High book-to-market ratio Minus Low book-to-market 

ratio. The HML factor measures the historical excess returns of value stocks over growth 

stocks. This factor will be measured by taking the value of equity (BE) divided by the market 

capitalization (ME), both ME and BE will be measured at the end of December year t-1.  

Value stocks are represented by a high BE/ME ratio and growth stock are represented by low 

BE/ME-ratio. (Fama & French 1993). 

The models foundation is the three explanatory variables Rm-Rf, SMB and HML, these three 

variables is how the three-factor model is supposed to explain stock returns better than 

CAPM. Because together they explain the non-diversified risk in stocks better than the CAPM 

according to Eugene Fama and Kenneth French. (Fama & French 1993). 

 

The three-factor model showed in its regression form: 

;" − ;: = > + %1" ;7 − ;: +	%#" CDE +	%F" GDH +	?"	 

 

The variables can be explained as follows: 

>	= Intercept of the regression line   

;" = The return on asset i 

;:= The risk-free interest rate in government bonds 

;7 = Return of the market portfolio  

CDE  = Return of the size factor  

GDH  = Return of the BE/ME factor  

?"=  residuals of the regression model 

%1I#IF = Beta values of the three independent variables rm - rf, SMB and HML 

 

The SMB factor will divide the stocks in the data in to two sets of groups, the first group will 

contain small stocks and the other group will contain big size stocks. 

The HML factor will divide the stocks in the data in to three sets of groups, its low, medium 

and high. (Bodie et al. 2014, pp 340-342) (Fama & French 1993). 

Fama and French found that the variable BE/ME had a higher explanatory power than stock 

size, that is why they divided this variable into three groups instead of two.  

(Fama & French 1993). 
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2.4 Carhart Four-factor model 

The four-factor model is not as recognised as the other two models mentioned above. Mark 

M. Carhart wrote a paper in 1997 where he presented the model as a tool for valuating mutual 

funds. The paper based it work of what Fama and French did with the three-factor model in 

early 90´s, Carhart also based his work on Jegadeesh and Titman´s (1993) paper. Jegadeesh 

and Titman uncovered a tendency for good and bad performances of stocks to persist over 

several months, in other words a momentum effect. (Bodie et al. 2014, pp 432-433) 

Carharts looked at the previous research and decided to include the momentum factor in to the 

three-factor model and he performed the regression analysis on mutual funds instead of stocks 

which Fama and French used in their paper. (Bodie et al. 2014, pp 432-433) 

The four-factor model in its regression form: 

;" − ;: = > + %1 ;7 − ;: +	%#" CDE +	%F" GDH + %J" KDH +	?"	 

 

The variables can be explained as follows: 

;" = The return on asset i 

;:= The risk-free interest rate in government bonds 

>	= Intercept of the regression line   

;7 = Return of the market portfolio  

CDE  = Return of the size factor  

GDH  = Return of the BE/ME factor  

 (WML) = Return of the momentum factor 

?"= residuals of the regression model 

%1I#IFIJ = Beta values of the three independent variables rm-rf, SMB, HML and WML 

The WML factor stands for winners minus losers, the winner stocks will be the top 30% 

percentile of the data and losers will be the bottom 30% percentile of data. 

(An-Sing & Shih-Chuan 2009, Carhart 1997). 
 

2.5 Previous studies 

Much of the research that had been conducted on the three and four-factor model has mainly 

had its focus on the US stock market. But some researchers have been testing both the three-

factor and four-factor model on other markets. Research papers has also arisen that challenge 

the results and method used by the original authors to the three-factor and four-factor model. 

Below, three research paper are listed that has in some way influenced this thesis. 
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Ann-Sin and Shih-Chuan (2009) presented a research paper where they concluded that the 

three-factor model outperforms the CAPM in the Pacific Basin markets (Japan, Hong Kong, 

South Korea, Malaysia, Thailand, Indonesia, and Singapore), and in addition to their results 

they could not find any support for the momentum effect of the Carhart´s four-factor model. 

Their results showed that the three-factor model performed as well or even slightly better than 

the four-factor model. The paper uses stock instead of mutual funds as Carhart used in his 

four-factor model. They also used another portfolio construction approach than Carhart, this 

can be an explanation to why they get so poor results from the four-factor model. 

 

Bello (2008) did a statistical comparison between the CAPM, the three-factor model and the 

four-factor model in his research paper. He used mutual funds as data to evaluate the models 

instead of stocks. He also did an in-depth analysis about the potential multicollinearity 

problems that could arise when performing regression tests on the three-factor model the four-

factor model. His results showed that no harmful multicollinearity was present in the dataset.  

In the paper he also performs a goodness of fit test, according to his results the goodness of fit 

difference is not significant. But, with respect to the quality of prediction, the three-factor 

model performs better than the CAPM and also the four-factor model performs better than the 

three-factor model.  

 

Lambert and Hübner (2014) investigated the coefficients size and book-to-market effect in the 

three-factor model. Their research suggests that with their modification, they could identify a 

much stronger size effect than Kenneth French and Eugene Fama. Fama and French has 

suggested that the book-to-market ratio is an especially strong factor in the US-stock market 

and size is a weaker factor, but Lambert and Hübner results shows the opposite.  

Their modifications suggest among other things a finer portfolio construction procedure, 

where the size factor is divided into three groups instead of two. They set up specific 

breakpoint for the companies’ market values and book-to-market ratios, in comparison to 

Fama and French that suggest that the percentile in the dataset set the breakpoints for market 

values and book-to-market ratios.  

 Lambert and Hübner also use a different approach when rebalancing the portfolios, instead of 

a rebalancing procedure done every year, they suggest it should be done every month. 

Their results show that their modifications to Fama and French method makes a significant 

difference in order to capture the time-varying dimension of risk and that their method also 

gives better balanced weights in small/large and value/growth portfolios.  
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3. Method 
3.1 Time period 

The time period for this thesis is between 2010 to 2015. Because, the regression analysis on 

the three-factor and four-factor model is very time consuming, the research is limited to only 

six years. Bartholdy and Peare (2002) presented a paper that suggested that the beta values in 

the CAPM and the three-factor model can become bias if the research period is longer than 

five years. 

 

3.2 Sample 

The dataset consists of 106 companies and to be included in the dataset the companies in 

question must had been traded on the Nasdaq OMX large or mid cap list under the selected 

time period of 2010-2015. Companies that had a negative book value under the selected time 

period did not get included in the dataset.  

 

3.3 Data 

The database called AMADEUS has mainly been used to find book-value, market 

capitalization and shares outstanding. This database, unfortunately has not been complete and 

to compensate for AMADEUS lack of data, companies own financial reports have been used 

to find necessary information and also the webpage borsdata (2016) has been used. 

Average returns have been gathered mainly from the AMADEUS database. AMDEUS could 

not provide the monthly stock prices for all companies, so instead some companies stock data 

where gathered from the NASDAQ OMX (2016) homepage. When the historical monthly 

prices were gathered, excel were used to manually calculate the monthly average returns. 

Every portfolios return are gathered from July year t to June year t+1, except for 2015. Instead 

the returns were gathered from July 2015 to April 2016. This is because of the time limit on 

this thesis is 2016-06-01. 

OLS time regression analysis was used to estimate all the betas for the three models. 96 

regressions were done for every year and also 96 regressions were performed on the whole 

period (2010-2015). This will bring the total amount of regressions performed to 672. 
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3.4 Three-factor model  

3.4.1 Exogenous variables  

All the companies in the dataset will be sorted on size and BE/ME every year in June. The 

size factor is the market capitalization at year t in June, the BE/ME factor as mentioned above 

is the book-value divided by market capitalization and is created at year t-1 in December. The 

market capitalization value used in the BE/ME ratio is calculated each December.  

In figure 1 it is showed which size factor and BE/ME factor is included in the portfolio for a 

given year. 

 

Portfolio 2010 Portfolio 2013 

BE/ME Ratio 09-12-31 Market cap 10-06-01 BE/ME Ratio 12-12-31 Market cap 10-06-01 

Portfolio 2011 Portfolio 2014 

BE/ME Ratio 10-12-31 Market cap 10-06-01 BE/ME Ratio 13-12-31 Market cap 10-06-01 

Portfolio 2012 Portfolio 2015 

BE/ME Ratio 11-12-31 Market cap 10-06-01 BE/ME Ratio 15-12-31 Market cap 10-06-01 
Table 1 -  Construction of portfolios each year. 

The companies are sorted into groups. Size factor has two groups, Small and Big. BE/ME 

factor has three groups Low, Medium and High. Then, the companies are sorted in to groups 

to create six portfolios every year. These portfolios average monthly returns are used to create 

the SMB and HML factors. The six portfolios are Small/Low, Small/Medium, Small/High, 

Big/Low, Big/Medium and Big/High. After the portfolios are formed, OLS time regression 

analysis is used to estimate the beta values for Rm-Rf, SMB, HML. 

 

Rm-Rf 

The database Amadeus do not have the ability to show market capitalization for all the 

companies in the dataset, therefore the construction of a value weighted index from the 

dataset becomes difficult. This method is used by Fama and French, but it is not possible in 

this thesis. Instead, the SIX general index (2016) (further on will be only SIX) is selected as 

the market return in the regression analysis. The risk free interest is the one-month treasury 

bill issued by the Swedish National Debt Office. (Riksbanken 2016). 

To create this factor, the risk-free rate must first be expressed on a monthly basis instead of a 

yearly as Riksbanken expresses it.  
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The formula used to get interest rate expressed on a monthly basis: 

5:(L) = (1 + 5`: L )
(
1
1#) − 1 

 

Where 5`: L  is the yearly rate and 5:(L) is the monthly rate. 

After this, the market return is subtracted by the risk free rate each month starting from July at 

year t and ends in year t+1 in June.  

The Rm-Rf factor is the only factor included in the CAPM. As for the four and three-factor 

models, the CAPM will be tested on the 16 portfolios sorted on size and BE/ME, and the 16 

portfolios sorted on size and momentum.  

 

SMB 

The size factor is constructed by dividing the dataset into two groups, the limit is the 50th 

percentile. The companies are then either in a small group (0-50%) or a large group (50-

100%).  

Six portfolios are constructed by sorting the companies into a Small/Low, Small/Medium, 

Small/High, Big/Low, Big/Medium and Big/High portfolio. The Low, Medium and High is 

the BE/ME factor, which will be divided into three groups.  

Average return are calculated for every portfolio and the returns are taken from July year t to 

June year t+1.  

The formula used to get SMB factor: 

CDE =
(5N7OPP/RST) + (5N7OPP/&UV"W7) + (5N7OPP/X"YZ)

3
−
(5\"Y/RST) + (5\"Y/&UV"W7) + (5\"Y/X"YZ)

3
 

 

HML 

All the companies are ranked by their BE/ME ratio, the companies are divided into three 

groups, low 0%-30%, medium 40%-70% and high 70%-100. As mentioned above, six 

portfolios are created Small/Low, Small/Medium, Small/High, Big/Low, Big/Medium and 

Big/High. Average return are calculated for every portfolio and the returns are taken from 

July year t to June year t+1.  

To clarify, the portfolio Small/Low consist of all the companies that have a small market 

value in June year t and also have a low BE/ME ratio in December year t-1. 
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The formula used to get HML factor: 

GDH =
(5\"Y/X"YZ) + (5N7OPP/X"YZ)

2
−
(5\"Y/RST) + (5N7OPP/RST)

2
 

 

3.4.2 Endogenous variables  

According to Fama and French the dataset should be divided into 25 portfolios to form the 

endogenous variable. Because of the small sample size of 106 companies, the companies will 

be divided into 16 portfolios instead of 25 portfolios. This is done to prevent getting portfolios 

consisting of zero companies and limit the number portfolios created with only one company.  

The 16 portfolios are sorted in a similar way as describe above for the six portfolios were, but 

the percentile levels are changed. Size factor are instead divided in to four groups, the groups 

are Small, 2, 3 and Big. BE/ME factor also has four groups Low, 2, 3 and High. This creates 

16 portfolios S/L, S/2, S/3, S/H, 2/L, 2/2, 2/3, 2/H, 3/L, 3/2, 3/3, 3/H, B/L, B/2, B/3 and B/H. 

Then the average return are calculated for every portfolio and the returns are taken from July 

year t to June year t+1. 

In the regression analysis the three models are tested on all the 16 portfolios sorted on the size 

and BE/ME factor. Each year this is done and also for the whole period (2010-2015).  

That brings it to a total of 336 regressions performed on the 16 portfolios sorted on size and 

BE/ME factor. 

 

3.5 Four-factor model  

3.5.1 Exogenous variables 

The first three-factors in the four-factor model Rm-Rf, SMB and HML are all constructed in 

the same way as for the three-factor model. The difference is the adding of a fourth factor 

WML, which stands for Winners Minus Losers, this fourth factor is the momentum factor.  

To create this factor, six new portfolios are constructed that are sorted on size and returns 

performance from the last 12 months. The six portfolios are Small/Losers, Small/Medium, 

Small/Winners, Big/Losers, Big/Medium and Big/Winners. 

Return performances are gathered by taking the monthly average returns for every company 

and then the companies are sorted on their average return performances from July 2009 to 

June 2010. The average return is calculated for every portfolio to create the WML factor, the 

returns are taken from July 2010 to June 2011.  
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In figure 2 it is showed which size factor and average return factor is included in the portfolio 

for a given year. 

 

Portfolio 2010 Portfolio 2013 

Returns 2009/7-2010/6 Market cap 10-06-01 Returns 2012/7-2013/6 Market cap 10-06-01 

Portfolio 2011 Portfolio 2014 

Returns 2010/7-2011/6 Market cap 10-06-01 Returns 2013/7-2014/6 Market cap 10-06-01 

Portfolio 2012 Portfolio 2015 

Returns 2011/7-2012/6 Market cap 10-06-01 Returns 2014/7-2015/6 Market cap 10-06-01 
Table 2 - Construction of portfolios each year 

As for the three-factor model, OLS time regression analysis is used for the four-factor model 

to estimate the beta values for Rm-Rf, SMB, HML and WML. 

 

WML 

The companies are divided into three groups based on their pervious 12-month average return 

performances. The three groups are Losers 0%-30%, medium 40%-70% and Winners 70%-

100%. Six portfolios are created where the companies are sorted on their average return 

performance for year t-1 and market capitalization in June year t.  

These six portfolios are S/L, S/M, S/W, B/L, B/M and B/W. 

The average return are calculated for every portfolio, the returns are taken from July year t to 

June year t+1. 

To clarify, the S/L portfolio consist of companies with small market capitalization in June 

year t and the companies that had the lowest average returns between July year t-1 to June 

year t. 

The formula used to get WML factor: 

KDH =
(5N7OPP/^"//U_`) + (5\"Y/^"//U_`)

2
−
(5N7OPP/RS`U_`) + (5\"Y/RS`U_`)

2
 

 
 
3.5.2 Endogenous variables  

According to both Carhart, Fama and French the endogenous variable for the four-factor 

model should be divided in to 25 portfolios. As explained above for the three-factor because 

of the small sample size of 106 companies, the companies will be divided in to 16 portfolios 

instead of 25 portfolios.  
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The principle for the four-factor models endogenous variable is the same as for the three-

factor model. The 16 portfolios are sorted on size and momentum, size has four groups and 

the momentum factor has four groups. The Momentum factor groups are Losers, 2, 3, 

Winners. The Size factor groups are Small, 2, 3 and Big. 

With these groups, 16 portfolios are created, S/L, S/2, S/3, S/W, 2/L, 2/2, 2/3, 2/W, 3/L, 3/2, 

3/3, 3/W, B/L, B/2, B/3 and B/W. The average return is calculated for every portfolio and the 

returns are taken from July year t to June year t+1. All the models are tested every year and 

for the whole period (2010-2015). That brings it to a total of 336 regression performed on the 

16 portfolios sorted on size and momentum factor. 

As mentioned above, the total amount of regression performed will be 672. 336 of the 

regressions are performed on size and BE/ME factor and 336 of the regressions are performed 

on size and momentum factor.  
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4. Analysis and Results 
The results for the regressions analysis will be displayed below, all of the years in the period 

will be displayed. Also the regression results for the whole period 2010-2015. Only the results 

for the 16 portfolios sorted on size and BE/ME-ratio will be shown in this part. The other 16 

portfolios sorted on size and momentum will be displayed in the appendix part. The results 

from the 16 portfolios sorted on size and momentum will be commented on if the results 

differ significantly from the other 16 portfolios. That is why the models were tested on both of 

them to see if the regression results would differ significantly. 

The adjusted R2 value will be shown in the tables below, because adjusted R2 is an better 

comparison value than the regular R2  value. That is the case when the models have different 

amount of exogenous variables, the adjusted R2 gives a better ability to compare the models. 

Regular R2 shows a higher value if more variables are added, which can be misleading. The 

downside of choosing the adjusted R2 value is that it will show negative values, that 

essentially means that the regressions consists of exogenous variables that give no explanation 

for the variation in the endogenous variable. (Gujarat & Porter 2009).  
 

4.1 Exogenous variables  

In this segment the regression results for the whole period 2010-2015 will be displayed. The 

beta coefficients for the 5-year period gives more interesting results and gives a better 

statistical showing of the results.  

 

Variables (Rm-Rf) (SMB) (HML) (WML) 

Average % 8,32% 5,10% 5,88% 2,75% 

Observations 70 70 70 70 

Table 3 - Number of observations and average yearly returns for the exogenous variable. 
 

In table 3, the average yearly returns for all exogenous variables are shown. HML and SMB 

shows positive values, that is in line with the theory of Fama and French.  

The theory states that small companies outperform big stocks and that value stocks 

outperform growth stocks. The value of SMB is positive, which means that companies with a 

small market capitalization value outperform companies with large market capitalization 

value, under the period 2010-2015. Also the value for the HML factor is positive and that 

means that companies with a high BE/ME-ratio (value stocks) outperform companies with 

low BE/ME-ratio (growth stocks), under the period 2010-2015. It also interesting that the 
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WML variable also have a positive value. This means that a momentum effect is present 

under this period. Companies that had the best returns from the previous twelve-month period 

continues to outperform stocks that had the lowest returns from the previous twelve-month 

period. To summarize, small companies outperform large companies, value stocks outperform 

growth stocks and momentum factor is present, previous winners continue to do well. 

Observe that the dataset only contains companies listed on the NASDAQ Stockholm 

mid/large cap and that this effects are present in the research period (2010-2015). 

 

.
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4.2 Regression results   

4.2.1 2010 

 
Table 4-: Year 2010 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

CAPM show a range of adjusted R2 is between 0.323 and 0.954, the average R2 value is 0.664. 7 of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between 0.197 and 0.957, the average R2 value is 0.723. 9 of 16 portfolios have R2 value >0.75.  

The 4-factor show a range of adjusted R2 between 0.303 and 0.951, the average R2 value is R2 is 0.729. 9 of 16 portfolios have R2 value >0.75.

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB" 
 

(HML" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,000 1,081 0,375 S/L -0,001 0,644 1,715 -0,298 0,548 S/L 0,005 0,876 1,722 -0,102 -0,699 0,542 

S/2 0,026 1,261 0,679 S/2 0,027 1,026 1,431 -0,496 0,918 S/2 0,025 0,946 1,429 -0,564 0,241 0,914 

S/3 0,011 1,244 0,677 S/3 0,012 0,987 1,413 -0,443 0,906 S/3 0,010 0,933 1,412 -0,489 0,162 0,896 

S/H 0,011 2,058 0,845 S/H -0,002 1,157 0,812 1,181 0,924 S/H -0,006 1,021 0,807 1,066 0,409 0,925 

2/L -0,015 1,004 0,464 2/L -0,016 0,771 0,970 -0,195 0,479 2/L -0,016 0,770 0,970 -0,196 0,001 0,404 

2/2 0,000 1,265 0,726 2/2 0,005 1,426 0,627 -0,720 0,812 2/2 0,007 1,484 0,629 -0,672 -0,174 0,790 

2/3 0,007 1,807 0,792 2/3 0,006 1,707 0,146 0,094 0,742 2/3 0,000 1,497 0,139 -0,083 0,631 0,738 

2/H 0,013 1,680 0,760 2/H 0,003 0,893 1,267 0,663 0,846 2/H 0,001 0,835 1,266 0,615 0,173 0,827 

3/L 0,011 0,857 0,651 3/L 0,011 0,726 0,654 -0,181 0,695 3/L 0,007 0,567 0,649 -0,315 0,479 0,720 

3/2 -0,002 1,345 0,853 3/2 -0,002 1,302 0,121 0,001 0,818 3/2 -0,006 1,184 0,117 -0,099 0,356 0,812 

3/3 0,009 1,288 0,754 3/3 0,000 0,564 1,039 0,693 0,881 3/3 -0,003 0,468 1,035 0,612 0,288 0,876 

3/H -0,015 0,882 0,954 3/H 0,014 1,354 0,335 -0,042 0,957 3/H 0,013 1,339 0,335 -0,054 0,045 0,951 

B/L 0,000 0,736 0,612 B/L 0,007 1,203 -0,527 -0,541 0,699 B/L 0,004 1,092 -0,531 -0,634 0,334 0,699 

B/2 0,002 1,184 0,763 B/2 0,009 1,606 -0,232 -0,649 0,786 B/2 0,011 1,691 -0,229 -0,578 -0,256 0,768 
B/3 -0,009 0,480 0,323 B/3 -0,011 0,290 0,221 0,215 0,197 B/3 -0,020 -0,005 0,211 -0,034 0,889 0,507 

B/H -0,015 0,882 0,388 B/H -0,020 0,721 -0,474 0,619 0,361 B/H -0,016 0,862 -0,469 0,738 -0,424 0,303 

Average Value R^2 :              0.664      0.723       0.729 
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4.2.2 2011 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L -0,021 0,811 0,406 S/L 0,003 0,987 2,088 0,166 0,440 S/L -0,023 0,667 1,135 -0,236 -0,084 0,362 

S/2 -0,003 0,834 0,810 S/2 -0,002 0,815 0,403 0,255 0,850 S/2 -0,003 0,783 0,456 0,261 0,124 0,837 

S/3 0,002 1,214 0,730 S/3 0,004 1,165 0,817 0,421 0,797 S/3 -0,004 0,987 1,113 0,457 0,697 0,874 

S/H -0,002 0,933 0,711 S/H 0,000 0,869 0,867 0,345 0,856 S/H 0,001 0,886 0,839 0,341 -0,067 0,837 

2/L 0,002 1,267 0,668 2/L -0,002 1,060 1,277 -0,485 0,712 2/L 0,005 1,204 1,037 -0,514 -0,566 0,730 

2/2 0,007 1,038 0,868 2/2 0,006 0,967 0,379 -0,226 0,857 2/2 0,003 0,909 0,475 -0,214 0,227 0,855 

2/3 0,006 0,762 0,522 2/3 0,008 0,967 0,797 0,358 0,628 2/3 0,009 0,722 0,773 0,355 -0,057 0,576 

2/H -0,008 0,582 0,420 2/H 0,007 0,956 0,678 -0,762 0,605 2/H -0,005 0,577 0,513 0,694 0,109 0,555 

3/L 0,013 1,123 0,800 3/L 0,007 0,956 0,678 -0,762 0,844 3/L 0,001 0,829 0,888 -0,737 0,495 0,929 

3/2 -0,001 1,263 0,716 3/2 -0,002 1,308 -0,675 -0,310 0,723 3/2 -0,012 1,102 -0,331 -0,268 0,809 0,813 

3/3 0,008 1,283 0,903 3/3 0,007 1,275 -0,088 -0,160 0,885 3/3 0,001 1,142 0,134 -0,133 0,523 0,933 

3/H -0,007 0,653 0,511 3/H -0,005 0,756 -0,656 0,221 0,490 3/H -0,012 0,607 -0,407 0,251 0,586 0,608 

B/L -0,001 0,997 0,878 B/L 0,002 1,103 -0,532 0,379 0,899 B/L -0,002 1,026 -0,404 0,394 0,302 0,919 

B/2 -0,003 0,928 0,912 B/2 -0,003 0,942 -0,137 -0,024 0,896 B/2 -0,001 0,998 -0,231 -0,035 -0,222 0,903 

B/3 -0,004 0,491 0,235 B/3 0,002 0,685 -0,854 0,814 0,282 B/3 0,000 0,641 -0,780 0,823 0,174 0,196 

B/H -0,004 0,785 0,557 B/H -0,001 0,842 -0,089 0,411 0,483 B/H 0,011 1,110 -0,535 0,357 -1,051 0,866 

Average Value R^2 :            0.666      0.703       0.737 
 
Table 5 - Year 2011 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 
 

CAPM show a range of adjusted R2 between 0.235 and 0.903, the average R2 value is 0.66. 6 of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between 0.282 and 0.899, the average R2 value is 0.703. 8 of 16 portfolios have R2 value >0.75. 

The 4-factor show a range of adjusted R2 between 0.196 and 0.933, the average R2 value is 0.737- 10 of 16 portfolios have R2 value >0.75.
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4.2.3 2012 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjuste
d R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,012 0,820 0,079 S/L 0,034 1,582 -0,626 -1,573 0,251 S/L 0,034 1,560 -0,630 -1,608 0,063 0,144 

S/2 -0,003 0,973 0,315 S/2 -0,007 0,654 1,248 -0,102 0,687 S/2 -0,014 0,849 1,288 0,194 -0,544 0,678 

S/3 0,006 0,624 0,050 S/3 -0,012 -0,064 0,909 1,155 0,390 S/3 -0,012 -0,068 0,908 1,150 0,010 0,303 

S/H 0,009 0,927 0,239 S/H -0,009 0,254 0,698 1,277 0,550 S/H -0,016 0,444 0,737 1,566 -0,529 0,516 

2/L 0,001 0,457 0,078 2/L -0,004 0,197 0,566 0,267 0,139 2/L -0,016 0,530 0,633 0,772 -0,928 0,220 

2/2 0,014 0,813 0,192 2/2 -0,005 0,102 0,931 1,200 0,697 2/2 0,003 -0,105 0,889 0,886 0,576 0,694 

2/3 0,020 1,503 0,335 2/3 0,002 0,612 0,918 0,267 0,537 2/3 0,009 0,393 0,873 -0,067 0,612 0,519 

2/H 0,020 1,503 0,558 2/H 0,010 1,071 0,695 0,628 0,647 2/H 0,013 0,974 0,676 0,481 0,269 0,603 

3/L -0,007 0,635 0,085 3/L -0,011 0,491 0,154 0,270 -0,117 3/L -0,023 0,837 0,224 0,796 -0,965 -0,158 

3/2 0,000 1,067 0,572 3/2 -0,007 0,825 0,123 0,556 0,549 3/2 -0,005 0,761 0,110 0,459 0,179 0,489 

3/3 -0,001 0,963 0,627 3/3 0,000 1,050 -0,369 0,052 0,617 3/3 0,009 0,789 -0,422 -0,344 0,725 0,677 

3/H -0,003 0,884 0,506 3/H -0,010 0,692 -0,241 0,706 0,503 3/H 0,003 0,311 -0,317 0,128 1,059 0,674 

B/L -0,009 0,358 0,320 B/L -0,010 0,381 -0,398 0,244 0,528 B/L -0,013 0,469 -0,381 0,378 -0,245 0,515 

B/2 0,002 0,593 0,504 B/2 0,009 0,818 -0,106 -0,524 0,589 B/2 0,016 0,603 -0,149 -0,851 0,599 0,701 

B/3 0,027 -0,404 -0,072 B/3 -0,008 -1,457 -0,139 2,947 0,134 B/3 0,006 -1,876 -0,224 2,312 1,166 0,074 

B/H 0,022 0,209 -0,086 B/H 0,011 0,003 -0,923 1,266 -0,092 B/H -0,031 1,197 -0,683 3,079 -3,324 0,740 

Average Value R^2 :            0.269      0.413       0.462 
 
Table 6 - Year 2012 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

CAPM show a range of adjusted R2 between -0.086 and 0.627, the average R2 value is 0.269. 1 of 16 portfolios have R2 value >0.6. 

The 3-factor show a range of adjusted R2 between -0.117 and 0.697, the average R2 value is 0.413. 4 of 16 portfolios have R2 value >0.6. 

The 4-factor show a range of adjusted R2 between -0.158 and 0.74, the average R2 value is 0.462.7 of 16 portfolios have R2 value >0.6.
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4.2.4 2013 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjuste
d R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,002 2,728 0,336 S/L 0,003 0,277 4,209 -3,185 0,827 S/L 0,006 0,378 3,737 -3,115 0,440 0,809 
S/2 0,032 0,370 0,007 S/2 0,019 -0,213 1,812 -0,519 0,364 S/2 0,016 -0,292 2,182 -0,574 -0,345 0,331 
S/3 0,028 0,612 0,344 S/3 0,017 0,856 0,200 0,501 0,459 S/3 0,016 0,821 0,367 0,477 -0,155 0,400 
S/H 0,018 0,434 0,107 S/H -0,001 0,626 0,806 0,585 0,383 S/H -0,001 0,647 0,704 0,600 0,095 0,301 
2/L 0,008 0,582 0,185 2/L 0,012 0,419 0,067 -0,275 0,036 2/L 0,006 0,231 0,951 -0,404 -0,823 0,257 
2/2 0,023 1,147 0,581 2/2 0,010 0,616 1,735 -0,445 0,826 2/2 0,011 0,657 1,544 -0,417 0,178 0,811 
2/3 0,014 1,424 0,448 2/3 0,010 1,745 -0,307 0,491 0,368 2/3 0,014 1,870 -0,892 0,577 0,545 0,329 
2/H 0,017 0,822 0,219 2/H 0,000 1,153 0,477 0,741 0,284 2/H 0,006 1,355 -0,472 0,880 0,883 0,414 
3/L -0,004 1,601 0,757 3/L 0,003 1,559 -0,313 -0,170 0,712 3/L 0,001 1,494 -0,010 -0,214 -0,282 0,688 
3/2 0,016 1,438 0,466 3/2 0,023 1,338 -0,235 -0,249 0,352 3/2 0,019 1,225 0,297 -0,327 -0,495 0,302 
3/3 0,009 0,877 0,517 3/3 0,013 0,924 -0,306 -0,005 0,410 3/3 0,012 0,914 -0,259 -0,012 -0,044 0,327 
3/H 0,014 0,646 0,442 3/H 0,007 0,916 -0,070 0,467 0,549 3/H 0,006 0,860 0,192 0,429 -0,244 0,534 
B/L -0,006 0,835 0,551 B/L 0,007 0,677 -0,529 -0,442 0,663 B/L 0,012 0,809 -1,150 -0,351 0,578 0,812 
B/2 -0,002 0,722 0,569 B/2 0,010 0,832 -0,895 -0,065 0,664 B/2 0,009 0,786 -0,677 -0,097 -0,203 0,649 
B/3 0,007 0,114 -0,084 B/3 0,001 -0,338 1,089 -0,497 0,140 B/3 0,002 -0,312 0,966 -0,479 0,114 0,027 
B/H 0,019 -0,334 -0,045 B/H 0,015 -0,735 0,943 -0,445 -0,156 B/H 0,014 -0,768 1,102 -0,468 -0,148 -0,314 

Average Value R^2 : 0.338      0.430       0.417 
 
Table 7 - Year 2013 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

CAPM show a range of adjusted R2 between -0.084 and 0.757, the average R2 value is 0.338.  1 of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between -0.156 and 0.827, the average R2 value is 0.430. 2 of 16 portfolios have R2 value >0.75. 

The 4-factor show a range adjusted of R2 between -0.314 and 0.812, the average R2 value is 0.417. 3 of 16 portfolios have R2 value >0.75. 
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4.2.5 2014 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjuste
d R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

S/L -0,030 1,710 0,286 S/L -0,014 1,398 2,934 -0,520 0,383 S/L -0,021 1,110 1,308 -0,799 -2,181 0,574 

S/2 -0,010 0,815 0,628 S/2 -0,016 0,957 -0,857 -0,054 0,710 S/2 -0,015 0,991 -0,661 -0,020 0,264 0,702 

S/3 -0,009 1,120 0,697 S/3 -0,012 1,214 -0,264 -0,452 0,645 S/3 -0,010 1,293 0,182 -0,376 0,598 0,698 

S/H 0,001 1,014 0,556 S/H 0,008 0,805 0,970 0,613 0,587 S/H 0,011 0,923 1,636 0,727 0,893 0,760 

2/L 0,011 0,756 0,414 2/L 0,019 0,519 1,072 0,715 0,517 2/L 0,020 0,581 1,416 0,774 0,462 0,536 

2/2 0,008 0,736 0,562 2/2 0,008 0,733 0,108 -0,084 0,458 2/2 0,009 0,764 0,286 -0,054 0,239 0,413 

2/3 0,003 1,066 0,550 2/3 0,000 1,169 -0,066 -0,733 0,484 2/3 0,002 1,242 0,346 -0,662 0,553 0,490 

2/H -0,014 1,571 0,591 2/H -0,001 1,092 1,050 2,634 0,798 2/H -0,002 1,030 0,697 2,573 -0,473 0,797 

3/L 0,003 0,961 0,249 3/L -0,006 1,131 -1,711 0,484 0,358 3/L -0,001 1,348 -0,488 0,694 1,641 0,729 

3/2 0,003 0,991 0,889 3/2 0,002 0,995 -0,176 0,155 0,874 3/2 0,001 0,965 -0,346 0,126 -0,228 0,880 

3/3 -0,002 1,176 0,782 3/3 -0,001 1,146 0,242 -0,015 0,736 3/3 -0,001 1,130 0,156 -0,030 -0,116 0,702 

3/H -0,004 1,196 0,769 3/H 0,000 1,044 0,058 1,128 0,831 3/H 0,001 1,088 0,307 1,171 0,334 0,837 

B/L 0,002 1,093 0,872 B/L 0,000 1,178 0,025 -0,693 0,903 B/L -0,001 1,135 -0,216 -0,734 -0,324 0,929 

B/2 0,009 0,648 0,374 B/2 0,010 0,546 -0,483 1,309 0,648 B/2 0,008 0,463 -0,954 1,228 -0,631 0,803 

B/3 0,006 0,591 0,476 B/3 0,003 0,637 -0,748 0,429 0,653 B/3 0,003 0,653 -0,655 0,445 0,125 0,615 

B/H 0,005 0,926 0,536 B/H 0,005 0,887 -0,275 0,596 0,486 B/H 0,006 0,900 -0,198 0,610 0,103 0,416 

Average Value R^2 :        0.577            0.629             0.680 

 
Table 8 -Year 2014 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

CAPM show a range of adjusted R2 between 0.249 and 0.889, the average R2 value is 0.577. 4 of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between 0.358 and 0.903, the average R2 value is 0.629. 4 of 16 portfolios have R2 value >0.75. 

The 4-factor show a range of adjusted R2 between 0.413 and 0.929, the average R2 value is 0.68. 6 of 16 portfolios have R2 value >0.75. 
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4.2.6 2015 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

S/L 0,018 0,968 0,848 S/L 0,013 0,988 0,414 -0,201 0,844 S/L 0,011 1,011 0,639 0,076 0,219 0,860 

S/2 0,013 1,437 0,744 S/2 0,015 1,383 -0,188 -0,147 0,664 S/2 0,016 1,379 -0,223 -0,190 -0,034 0,598 

S/3 0,016 0,590 0,468 S/3 0,019 0,449 -0,124 -0,656 0,492 S/3 0,019 0,445 -0,162 -0,703 -0,037 0,393 

S/H 0,023 1,020 0,865 S/H 0,024 1,020 -0,147 0,108 0,828 S/H 0,022 1,039 0,030 0,326 0,172 0,820 

2/L 0,013 1,036 0,860 2/L 0,023 0,924 -0,766 -0,030 0,927 2/L 0,021 0,947 -0,547 0,239 0,213 0,951 

2/2 0,011 0,829 0,569 2/2 0,007 0,827 0,345 -0,260 0,466 2/2 0,000 0,889 0,925 0,455 0,565 0,663 

2/3 0,006 1,068 0,675 2/3 0,009 1,104 -0,276 0,393 0,604 2/3 0,003 1,152 0,181 0,956 0,445 0,656 

2/H 0,010 1,152 0,744 2/H 0,022 1,137 -0,991 0,644 0,858 2/H 0,020 1,146 -0,903 0,753 0,086 0,834 

3/L 0,014 1,042 0,710 3/L 0,013 1,146 -0,024 0,565 0,678 3/L 0,015 1,132 -0,161 0,395 -0,134 0,626 

3/2 0,011 1,928 0,570 3/2 0,029 1,348 -1,008 -2,324 0,740 3/2 0,020 1,420 -0,319 -1,475 0,671 0,767 

3/3 0,007 0,447 0,487 3/3 -0,001 0,527 0,627 -0,040 0,569 3/3 -0,005 0,561 0,951 0,359 0,315 0,770 

3/H 0,006 0,969 0,771 3/H 0,014 0,955 -0,658 0,409 0,820 3/H 0,010 0,986 -0,359 0,778 0,292 0,860 

B/L -0,002 1,026 0,845 B/L 0,008 0,859 -0,732 -0,345 0,930 B/L 0,009 0,848 -0,837 -0,474 -0,102 0,925 

B/2 0,012 0,536 0,486 B/2 0,017 0,539 -0,434 0,335 0,456 B/2 0,019 0,518 -0,631 0,092 -0,192 0,421 

B/3 0,002 0,893 0,811 B/3 0,003 0,881 -0,074 -0,006 0,749 B/3 0,004 0,874 -0,141 -0,089 -0,065 0,704 

B/H 0,048 -0,640 -0,048 B/H 0,008 0,231 2,656 2,647 0,255 B/H 0,025 0,088 1,303 0,979 -1,318 0,415 

Average Value R^2 : 0.650         0.680         0.704 

 
Table 9 - Year 2015 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 
 

CAPM show a range of adjusted R2 between -0.048 and 0.865, the average R2 value is 0.65. 6 of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between 0.255 and 0.93, the average R2 value is 0.68. 6 of 16 portfolios have R2 value >0.75. 

The 4-factor show a range of adjusted R2 between 0.393 and 0.951, the average R2 value is 0.704. 8 of 16 portfolios have R2 value >0.75.
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4.2.7 2010-2015 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

S/L 0,001 *1,183 0,342 S/L 0,001 *1,044 *1,270 *-1,006 0,450 S/L 0,002 *1,112 *1,215 *-1,009 -0,319 0,455 

S/2 ***0,008 *0,999 0,576 S/2 0,005 *0,915 *0,633 0,010 0,622 S/2 0,005 *0,860 *0,679 0,012 ***0,263 0,638 

S/3 0,007 *1,011 0,571 S/3 0,003 *0,897 *0,824 0,164 0,671 S/3 0,002 *0,838 *0,873 0,167 **0,278 0,690 

S/H **0,009 *0,985 0,615 S/H 0,004 *0,877 *0,754 **0,297 0,734 S/H 0,004 *0,846 *0,780 **0,298 0,146 0,738 

2/L 0,001 *1,011 0,570 2/L 0,000 *0,945 **0,546 -0,208 0,598 2/L 0,000 *0,971 **0,525 -0,209 -0,120 0,597 

2/2 *0,010 *0,999 0,652 2/2 **0,008 *0,907 *0,734 -0,172 0,725 2/2 **0,007 *0,840 *0,789 -0,169 *0,316 0,757 

2/3 **0,009 *1,079 0,575 2/3 0,006 *1,009 **0,457 ***0,329 0,617 2/3 0,005 *0,952 *0,504 ***0,332 ***0,267 0,631 

2/H ***0,009 *1,090 0,546 2/H 0,003 *1,010 **0,413 *0,861 0,694 2/H 0,002 *0,981 **0,436 0,862 0,133 0,694 

3/L 0,005 *1,016 0,572 3/L 0,006 *1,016 0,054 -0,231 0,569 3/L 0,005 *0,982 0,082 -0,229 0,160 0,570 

3/2 0,004 *1,373 0,660 3/2 0,007 *1,408 -0,180 ***-0,401 0,676 3/2 0,005 *1,287 -0,081 **-0,396 *0,569 0,733 

3/3 0,004 *1,050 0,740 3/3 0,002 *1,017 0,233 0,076 0,744 3/3 0,002 *0,979 ***0,264 0,077 ***0,178 0,752 

3/H 0,005 *0,937 0,685 3/H 0,003 *0,951 -0,205 *0,450 0,727 3/H 0,002 *0,893 -0,157 *0,452 *0,275 0,755 

B/L -0,003 *0,907 0,777 B/L 0,000 *0,960 *-0,354 **-0,213 0,826 B/L 0,000 *0,953 *-0,348 **-0,213 0,033 0,824 

B/2 0,002 *0,828 0,691 B/2 0,002 *0,850 -0,186 0,081 0,690 B/2 0,003 *0,885 -0,215 0,079 ***-0,165 0,701 

B/3 0,004 *0,492 0,174 B/3 0,004 *0,513 -0,218 0,283 0,172 B/3 0,003 *0,482 -0,193 0,284 0,146 0,169 

B/H 0,009 **0,471 0,074 B/H 0,005 **0,407 0,335 **0,676 0,130 B/H 0,008 *0,624 0,156 **0,666 *-1,020 0,339 

Average Value R^2:    0.551       0.603       0.628 
 

Table 10 - Year 2010-2015 regression results for the 16 portfolios sorted on size and BE/ME factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, 

Intercept, coefficients and adjusted R2. *,**,*** = 1% , 5% , 10% significance level. 

 

CAPM show a range of adjusted R2 between 0.074 and 0.777, the average R2 value is 0.551. 1of 16 portfolios have R2 value >0.75. 

The 3-factor show a range of adjusted R2 between 0.130 and 0.826, the average R2 value is 0.603. 1 of 16 portfolios have R2 value >0.75. 

The 4-factor show a range of adjusted R2 between 0.169 and 0.824, the average R2 value is 0.628. 4 of 16 portfolios have R2 value  >0.75.
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4.3 Coefficients  

4.3.1 CAPM 

The results are shown in table 10. All the portfolios have a significant b coefficient (Rm-Rf) 

at one percent level or five percent level. Eight portfolios has an b>1, meaning that eight 

portfolios are more volatile than the SIX has been over the five year period. Three portfolios 

has b value under 0.9 means that these  portfolio is less volatile then the SIX.  

Five portfolios have a significant a, all five portfolios have a values that are larger than zero. 

If a portfolio has an a> 0, it indicates that the portfolio performed better than the benchmark 

index (SIX in this case). 

 

4.3.2 3-factor  

The results are shown in table 10. Only one portfolio has a significant alpha and it is larger 

than zero. This means that 2/2 portfolio have delivered excess returns compared to its 

benchmark, which in this case is the SIX. 

The b coefficient for Rm-Rf are all significant at one or five percent value. As for the CAPM 

b>1 means that the portfolio is more volatile than the SIX, or b<1 means that the portfolio is 

less volatile than the SIX. Six portfolios have been more volatile than the SIX under the 

period 2010-2015. Notice that the portfolio 3/2 has a significant large beta value of 1.4, 

meaning that the portfolio has been very volatile under the period in comparison to the SIX.    

The SMB factor is significant in nine portfolios with the majority of the portfolios with a 

small market value. If the b(SMB) coefficient is >0.5 that means the portfolio contains of 

small cap companies.  Only three portfolios has an significant SMB factor that is <0.5. 

The HML factor is significant in eight portfolios, interesting is that almost almost all 

portfolios that are in the group low or high BE/ME ratio have significant HML factor, one 

exception is 3/L. If the HML beta coefficient is larger than zero, the portfolio consists of 

value stocks. If the HML beta coefficient is smaller than zero, the portfolio consists of growth 

stocks.  
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4.3.3 4-factor 

The results are shown in table 10. One portfolio has a significant alpha value that is 

significant at a five percent level. The alpha value is positive meaning that portfolio 2/2 have 

performed better than the SIX over the period (2010-2015).  

The b coefficient for Rm-Rf are all significant at an one % value. As for the CAPM b>1 that 

means the portfolio is more volatile than the SIX, or b<1 means that the portfolio is less 

volatile then the SIX. Almost all portfolios except B/3 and B/H have a b coefficient (Rm-Rf) 

close to one. B/3 and B/H has been less volatile than the SIX. 

The SMB beta coefficient is significant at a one, five or ten percent level in ten portfolios. 

Almost all of the significant portfolios have a small market capitalization value, in eight out 

of ten portfolios.   

The HML beta coefficient is significant at a one, five or ten percent level in eight portfolios. 

The HML coefficient is significant in all portfolios with the highest BE/ME ratio. Also the 

coefficient is significant in the portfolios consisting of companies with the lowest BE/ME-

ratio. All the portfolios with a significant beta values are distinguished from zero. Meaning 

that the HML coefficient capture portfolios consisting of value stocks or growth stocks.  

The WML beta coefficient is significant at a one, five or ten percent level in seven portfolios.  

Interesting is that all the portfolios that have companies in BE/ME-ratio group two all have 

significant WML beta coefficients 
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4.4 Validity test 

Table 11 - Correlation test. 

 

Table 12 - Multicollinearity test 

Both tests are performed, because if one of the exogenous variables are highly correlated it 

can affect the regression data. But the test shows that there are no multicollinearity problems 

or correlation problems. Because of the VIF values are close to one and the correlation test 

shows no value above 0.5. (Gujarat & Porter 2009). 

 

 

 

 

  

2010-2015 Rm-Rf SMB HML WML 

Rm-Rf 1,000       

SMB 0,260 1,000     

HML 0,051 0,252 1,000   

WML 0,253 -0,047 -0,023 1,000 

Variable VIF 1/VIF 

Rm-Rf 1.16 0.861 

SMB 1.16 0.863 

HML 1.08 0.922 

WML 1.07 0.936 

Mean VIF 1.12   
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5. Conclusion 

5.1 Discussion 

In the section 4.1 the average monthly returns are shown for every exogenous variable that 

appear in all the models. These results are interesting as it shows that value stocks and small 

market capitalization stocks outperform growth stocks and big market capitalization stocks. It 

also shows that a momentum factor is present, which means that companies with the best 

returns from the previous twelve-month period continues to outperform stocks that had the 

lowest returns from the previous twelve-month period.  

Fama and French (2012) investigated among other things if the momentum factor is present in 

developed stock markets around the world. They looked at 22 developed stock markets in 

Europe (including Sweden), North America and Asia, they found empirical evidence that the 

momentum factor is present in all the markets expect on the Japanese stock market. 

With the results in mind from the Fama and French paper in 2012, makes the appearance of a 

momentum factor in the dataset reasonable.  

 

The results in table 3 shows that small market capitalization companies have higher returns 

under the research period than large market capitalization companies. If the dataset had 

contained companies from the OMX small cap list, the results could have differed and 

therefore it would have been interesting to include the companies from the small cap list in 

the dataset. Because according the results and regard to the dataset, the results says that mid 

cap companies outperform large cap companies. This is a valid result because the OMX mid 

cap GI index has outperformed the OMX large cap GI index over the research period. 

(NASDAQ OMX 2016). 

 

According to table 3, it is also shown that value stocks outperform growth stocks, because the 

HML factor is positive. If small caps companies would have been included in the dataset the 

results could have been affected. How the results would be effected is hard to speculate about, 

because the research period has had both a strong stock market from the year 2014 to 2016 

and 2010 to 2011, and a volatile period from year 2012 to 2013. In a strong market growth 

stock performs better because in a “bull” market (strong market growth) investor expectations 

are higher. When the market developed to a “bear” market (negative market growth), growth 

stocks will be affected negative because investor expectations falls. Also if the market is 

volatile and it exist uncertainty in the market as in 2012 and 2013, then growth stocks tends to 



 
 

 31  

perform worse. Of course value stocks will be affected in the same way, but their historical 

performance show that they are less volatile than growth stocks. Therefore, value stocks will 

not be affected as much when its exist uncertainty and volatility on the market. Expectations 

will exist and this is an example in general terms on how growth and value stocks differ from 

each other.  

 

In the appendix the regression results are shown for the 16 portfolios sorted on size and 

momentum, overall all three models adjusted R2 values are worse in comparison to the 16 

portfolios sorted on size and BE/ME-ratio. The four-factor model gives the best results, that 

do not differ. In the 16 portfolios sorted on size and momentum, the HML factor decrease in 

significance and WML factor significance increases.  

This is in some way naturally that the sorting factor on the endogenous variable is caught by 

exogenous variable sorted on the same factor. 

It would be interesting to assemble random portfolios or use mutual funds as the endogenous 

variable, to see which factor is more significant.  

 

5.2 Research questions  

• Does the Fama-French three-factor model explain portfolio returns better than the 

CAPM on the Swedish stock market?  

In the tables 4-19 the regression results are shown for all models. In table 19 it is shown that 

the three-factor model gives a better goodness of fit than the CAPM for the period 2010-2015 

and have more portfolios with high adjusted value. Also it consequently outperforms the 

CAPM in the number of portfolios with high adjusted R2 values and average adjusted R2 for 

every specific year. In the appendix where the results are shown for the 16 sorted on size and 

momentum, deliver the same conclusion that the three-factor outperform the CAPM. 

According to data for this thesis the Fama-French three-factor model does indeed explain 

portfolio returns better than the CAPM on the Swedish stock market.  
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• Does the Carhart four-factor model explain portfolio returns better than the CAPM on 

the Swedish stock market?  

The four-factor models show similar results to the three-factor model. For the 2010-2015 

period the four-factor model has a higher average adjusted R2 and also the number of 

portfolios with high adjusted R2 value are more. Also the four-factor model shows higher 

adjusted R2 value every year and has more portfolio with a higher adjusted R2 value every 

year. In the appendix where the results are shown for the 16 sorted on size and momentum, 

deliver the same conclusion that the four-factor outperform the CAPM. 

According to data for this thesis the Carhart four-factor model does indeed explain portfolio 

returns better than the CAPM on the Swedish stock market. 

 

• Which model is best for portfolio managers to use on the Swedish stock market? 

In table 19 the four-factor outperforms the three-factor in both average adjusted R2 value and 

number of portfolios with a high adjusted R2 value. Furthermore, in five out of six years the 

four-factor model outperform the three-factor model, the expectation is the year 2013. 

It is a marginal difference, but the difference cannot be ignored. The results for the variables 

also show that the momentum factor is present in the dataset under the research period. The 

appendix also shows that the four-factor model has a higher average adjusted R2 value than 

the three-factor model in five out of six time periods. The four-factor model also has a higher 

average adjusted R2 value for the whole period and consequently has more portfolios with a 

higher adjusted R2 value. According to data for this thesis the Carhart four-factor model is 

best for portfolio managers to use on the Swedish stock market to measure excess returns. 

 

5.3 Conclusions 

With limited resources and with no access to a good database, many of the calculations had to 

be done manually and as a result the data material comes from different sources. The validity 

of the research results can therefore be questioned. But despite that, the results show that the 

three-factor model and four-factor model does indeed give better results than the CAPM. The 

regression results also show that the four-factor model gives the best results of capturing 

excess returns in all the portfolios (endogenous variable) for the research period 2010-2015. 

Unfortunately, all three models show poor results in the 2012 and 2013 period, the results are 

worse in comparison to the other periods. In these years, the Stockholm stock market was 

more volatile compared to the other years and it seems that all three models have trouble to 
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catch excess returns in the portfolios under these market conditions.  

According to the results of this thesis it is hard to suggest one model over another, because of 

the three and four factor model does indeed deliver better results than CAPM, but are the 

results good enough to reject the CAPM?  

 

5.4 Further research  

In recent years a lot of research has been done on the portfolio construction for both the four-

factor model and three-factor model. It would be interesting to see further research on this 

subject, to see if results would differ. For example, in Ann-Sin and Shih-Chuan (2009) 

research paper, where the endogenous variable is made out of the 27 portfolios constructed in 

a different way than Fama and French suggest. One suggestion is to include more companies 

in the dataset from the OMX small cap list and extend the time period. 

 

Also further research can be done to see which coefficients is best suited for the Swedish 

stock market. Maybe the size factor is more significant than on the US stock market, or 

another factor that is more significant on the Swedish market than the coefficients in both the 

three-factor and four-factor models.  

 

In 2015 Kenneth French and Eugene Fama presented the five factor model, where two factors 

are added to three-factor model. Its CMA (Conservative Minus Aggressive), which is the 

average return on the two conservative investment portfolios minus the average return on the 

two aggressive investment portfolios and RMW (Robust Minus Weak) is the average return 

on the two robust operating profitability portfolios minus the average return on the two weak 

operating profitability portfolios. This model would also be interesting to test on the Swedish 

stock market and compare the different models. (Kenneth French 2016)  
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Appendix 
2010 

 

Table 13 - Year 2010 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 

coefficients and adjusted R2. 

The CAPM R2 average is 0.663. The range is between 0.327 and 0.919 

The three-factor R2 average is 0.708. The range is between 0.313 and 0.907  

The four-factor R2 average is 0.697. The range is between 0.219 and 0.945   

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,027 1,281 0,615 S/L 0,031 1,217 1,305 -0,738 0,815 S/L 0,029 1,153 1,303 -0,792 0,191 0,793 
S/2 0,007 1,310 0,691 S/2 0,003 0,837 1,449 -0,054 0,862 S/2 0,000 0,713 1,445 -0,158 0,371 0,861 
S/3 0,001 1,961 0,834 S/3 -0,010 1,202 0,838 0,891 0,881 S/3 -0,006 1,357 0,843 1,022 -0,466 0,880 

S/W 0,030 1,517 0,650 S/W 0,023 0,745 1,857 0,244 0,841 S/W 0,016 0,498 1,848 0,035 0,746 0,871 
2/L -0,010 1,074 0,594 2/L -0,005 1,146 0,872 -0,713 0,735 2/L 0,004 1,448 0,882 -0,459 -0,907 0,842 
2/2 0,003 1,109 0,552 2/2 -0,003 0,691 0,405 0,529 0,499 2/2 -0,005 0,626 0,403 0,473 0,197 0,433 
2/3 -0,005 1,552 0,759 2/3 -0,007 1,255 0,880 -0,016 0,769 2/3 -0,014 1,025 0,872 -0,210 0,693 0,787 

2/W 0,008 1,547 0,691 2/W 0,005 1,202 0,896 0,067 0,680 2/W -0,001 1,014 0,890 -0,090 0,564 0,665 
3/L -0,001 0,545 0,426 3/L -0,005 0,149 0,708 0,287 0,524 3/L -0,003 0,214 0,710 0,341 -0,194 0,475 
3/2 0,006 1,354 0,788 3/2 0,000 0,828 0,904 0,405 0,846 3/2 -0,002 0,755 0,901 0,343 0,219 0,830 

3/3 0,006 1,527 0,784 3/3 0,000 1,071 0,720 0,394 0,789 3/3 -0,001 1,014 0,718 0,347 0,170 0,762 
3/W 0,019 1,560 0,919 3/W 0,021 1,613 0,157 -0,203 0,907 3/W 0,015 1,399 0,150 -0,383 0,644 0,945 
B/L -0,016 0,775 0,387 B/L -0,010 1,238 -0,640 -0,460 0,352 B/L -0,005 1,387 -0,635 -0,335 -0,447 0,307 
B/2 -0,011 0,835 0,903 B/2 -0,012 0,747 -0,044 0,197 0,898 B/2 -0,011 0,785 -0,043 0,229 -0,116 0,889 

B/3 0,011 0,673 0,327 B/3 0,015 0,803 0,449 -0,543 0,313 B/3 0,016 0,842 0,451 -0,510 -0,118 0,219 
B/W -0,001 0,900 0,692 B/W 0,001 0,997 -0,075 -0,135 0,621 B/W -0,002 0,886 -0,078 -0,228 0,333 0,599 

Average Value R^2 :                 0.663      0.708       0.697 
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2011 

 

 
Table 14 - Year 2011 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

The CAPM R2 average is 0.651. The range is between 0.294 and 0.834 

The three-factor R2 average is 0.673. The range is between 0.161 and 0.948 

The four-factor R2 average is 0.787. The range is between 0.197 and 0.95  

  

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,009 0,881 0,808 S/L 0,007 0,748 0,957 -0,165 0,948 S/L 0,006 0,723 0,998 -0,160 0,097 0,944 

S/2 0,011 1,061 0,736 S/2 0,014 1,065 0,485 0,545 0,792 S/2 0,011 1,001 0,592 0,558 0,252 0,781 

S/3 0,017 0,793 0,596 S/3 0,017 0,701 0,980 0,213 0,762 S/3 0,011 0,565 1,206 0,240 0,532 0,850 

S/W 0,017 1,194 0,832 S/W 0,019 1,143 0,871 0,462 0,971 S/W 0,019 1,142 0,872 0,462 0,002 0,967 

2/L 0,022 0,975 0,317 2/L 0,020 0,723 2,104 -0,012 0,533 2/L 0,034 1,013 1,622 -0,071 -1,136 0,686 

2/2 0,016 1,182 0,834 2/2 0,015 1,114 0,406 -0,167 0,811 2/2 0,007 0,948 0,683 -0,134 0,652 0,894 

2/3 0,013 0,850 0,833 2/3 0,014 0,855 -0,008 0,031 0,792 2/3 0,009 0,745 0,175 0,053 0,432 0,855 

2/W 0,040 0,969 0,659 2/W 0,038 0,926 -0,064 -0,442 0,615 2/W 0,031 0,774 0,190 -0,411 0,598 0,672 

3/L 0,020 1,666 0,827 3/L 0,018 1,666 -0,272 -0,289 0,799 3/L 0,005 1,366 0,227 -0,229 1,176 0,950 

3/2 0,008 0,624 0,382 3/2 0,006 0,595 -0,151 -0,410 0,296 3/2 0,005 0,584 -0,133 -0,408 0,044 0,197 

3/3 0,012 0,691 0,690 3/3 0,015 0,741 0,026 0,472 0,703 3/3 0,009 0,616 0,235 0,497 0,492 0,816 

3/W 0,026 1,112 0,852 3/W 0,025 1,102 -0,090 -0,186 0,825 3/W 0,019 0,965 0,139 -0,158 0,538 0,886 

B/L 0,007 0,433 0,294 B/L 0,011 0,514 -0,041 0,669 0,327 B/L 0,021 0,737 -0,412 0,624 -0,874 0,854 
B/2 0,010 0,642 0,625 B/2 0,013 0,747 -0,602 0,295 0,636 B/2 0,020 0,921 -0,892 0,260 -0,682 0,902 

B/3 0,010 0,993 0,830 B/3 0,009 1,000 -0,150 -0,094 0,796 B/3 0,011 1,044 -0,221 -0,103 -0,169 0,777 

B/W 0,048 1,456 0,302 B/W 0,053 1,645 -1,013 0,601 0,161 B/W 0,022 0,965 0,119 0,738 2,666 0,564 

Average Value R^2 :               0.651      0.673       0.787 
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2012 
 

 
Table 15 - Year 2012 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

The CAPM R2 average is 0.324. The range is between -0.096 and 0.523 

The three-factor R2 average is 0.465. The range is between -0.288 and 0.741 

The four-factor R2 average is 0.525. The range is between 0.165 and 0.766  

 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,016 0,357 0,029 S/L 0,026 0,567 0,795 -1,179 0,449 S/L 0,023 0,656 0,813 -1,043 -0,249 0,388 

S/2 -0,005 0,788 0,268 S/2 -0,020 0,291 0,346 1,073 0,454 S/2 -0,022 0,341 0,356 1,150 -0,142 0,379 

S/3 0,012 1,330 0,239 S/3 -0,001 0,754 1,269 0,574 0,374 S/3 0,010 0,441 1,206 0,098 0,872 0,326 

S/W 0,000 1,475 0,453 S/W -0,020 0,740 0,791 1,372 0,707 S/W -0,033 1,117 0,867 1,945 -1,052 0,743 

2/L 0,016 0,663 0,111 2/L 0,003 0,071 1,220 0,657 0,683 2/L 0,000 0,165 1,239 0,800 -0,262 0,647 

2/2 0,018 1,242 0,463 2/2 0,006 0,786 0,741 0,658 0,611 2/2 0,014 0,581 0,700 0,347 0,571 0,589 

2/3 0,003 0,921 0,451 2/3 -0,007 0,495 0,675 0,627 0,741 2/3 -0,013 0,663 0,708 0,882 -0,467 0,743 

2/W 0,011 0,792 0,419 2/W 0,009 0,672 0,344 0,059 0,362 2/W 0,019 0,367 0,283 -0,404 0,850 0,436 

3/L -0,011 0,904 0,284 3/L -0,011 1,091 -1,209 0,428 0,613 3/L -0,017 1,240 -1,179 0,655 -0,416 0,580 

3/2 -0,004 0,749 0,503 3/2 -0,009 0,542 0,376 0,268 0,569 3/2 -0,008 0,529 0,373 0,247 0,038 0,508 

3/3 -0,001 0,980 0,645 3/3 -0,005 0,862 -0,008 0,325 0,583 3/3 0,008 0,481 -0,085 -0,254 1,062 0,766 

3/W 0,001 0,946 0,710 3/W -0,003 0,818 -0,036 0,374 0,677 3/W 0,003 0,658 -0,068 0,131 0,446 0,681 

B/L 0,018 -0,092 -0,096 B/L 0,015 -0,130 -0,490 0,480 -0,288 B/L -0,020 0,882 -0,286 2,017 -2,818 0,485 
B/2 -0,001 0,437 0,260 B/2 -0,001 0,513 -0,484 0,168 0,403 B/2 -0,010 0,766 -0,433 0,552 -0,705 0,577 

B/3 0,005 0,688 0,523 B/3 0,003 0,657 -0,217 0,252 0,457 B/3 0,001 0,712 -0,206 0,335 -0,154 0,389 

B/W 0,026 -0,771 -0,073 B/W -0,035 -2,630 -0,169 5,142 0,048 B/W 0,021 -4,247 -0,495 2,688 4,501 0,165 

Average Value R^2 :                0.324      0.465       0.525 
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2013 
 

 
Table 16 - Year 2013 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

The CAPM R2 average is 0.413. The range is between -0.097 and 0.882 

The three-factor R2 average is 0.417. The range is between -0.190 and 0.874 

The four-factor R2 average is 0.471. The range is between -0.360 and 0.856  

 

  

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,023 0,785 0,620 S/L 0,022 0,655 0,317 -0,142 0,564 S/L 0,020 0,597 0,592 -0,182 -0,257 0,550 

S/2 0,030 0,137 -0,087 S/2 0,009 -0,172 1,755 -0,040 0,031 S/2 0,006 -0,267 2,200 -0,105 -0,415 -0,033 

S/3 0,007 1,137 0,245 S/3 -0,001 0,595 1,409 -0,563 0,214 S/3 -0,011 0,273 2,920 -0,785 -1,407 0,435 

S/W 0,026 0,893 0,316 S/W 0,007 0,466 1,844 -0,227 0,482 S/W 0,014 0,672 0,871 -0,084 0,906 0,678 

2/L 0,008 0,576 0,082 2/L 0,011 0,618 -0,215 0,012 -0,142 2/L 0,000 0,268 1,430 -0,229 -1,531 0,507 

2/2 0,014 0,857 0,492 2/2 0,000 0,859 0,852 0,255 0,532 2/2 -0,001 0,848 0,904 0,247 -0,049 0,467 

2/3 0,020 0,734 0,339 2/3 0,019 0,600 0,300 -0,153 0,201 2/3 0,025 0,774 -0,518 -0,033 0,762 0,385 

2/W 0,017 1,577 0,744 2/W 0,003 1,259 1,392 -0,164 0,804 2/W 0,006 1,354 0,941 -0,098 0,420 0,814 

3/L 0,007 0,694 0,710 3/L 0,007 0,748 -0,058 0,082 0,648 3/L 0,004 0,666 0,330 0,025 -0,362 0,737 

3/2 0,013 0,735 0,464 3/2 0,022 0,831 -0,733 -0,043 0,438 3/2 0,020 0,779 -0,489 -0,079 -0,227 0,391 

3/3 0,005 1,633 0,850 3/3 -0,002 1,733 0,300 0,271 0,844 3/3 -0,003 1,711 0,402 0,256 -0,095 0,823 

3/W 0,006 1,319 0,882 3/W 0,005 1,457 -0,180 0,196 0,874 3/W 0,005 1,454 -0,162 0,194 -0,016 0,856 

B/L 0,005 0,694 0,448 B/L 0,017 0,741 -0,807 -0,154 0,483 B/L 0,018 0,761 -0,899 -0,141 0,085 0,414 
B/2 -0,010 0,897 0,519 B/2 -0,004 0,801 -0,201 -0,234 0,444 B/2 0,000 0,921 -0,766 -0,151 0,525 0,498 

B/3 0,001 0,323 0,076 B/3 0,012 -0,031 0,000 -0,641 0,452 B/3 0,011 -0,034 0,013 -0,643 -0,012 0,373 

B/W 0,013 -0,054 -0,097 B/W 0,007 -0,317 0,830 -0,230 -0,190 B/W 0,006 -0,323 0,861 -0,234 -0,029 -0,360 

Average Value R^2 :                0.413      0.417       0.471 
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2014 
 

 

Table 17 - Year 2014 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 

coefficients and adjusted R2. 

The CAPM R2 average is 0.533. The range is between 0.153 and 0.903 

The three-factor R2 average is 0.575. The range is between 0.336 and 0.912 

The four-factor R2 average is 0.622. The range is between 0.288 and 0.907   

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L -0,021 1,409 0,522 S/L -0,007 1,050 2,138 0,546 0,715 S/L -0,011 0,895 1,262 0,396 -1,175 0,871 

S/2 -0,006 1,352 0,849 S/2 -0,005 1,308 0,130 0,204 0,815 S/2 -0,003 1,368 0,467 0,262 0,453 0,837 

S/3 -0,012 0,749 0,487 S/3 -0,013 0,767 0,085 -0,233 0,371 S/3 -0,013 0,758 0,031 -0,242 -0,072 0,284 

S/W -0,004 0,825 0,471 S/W -0,008 0,944 -0,502 -0,394 0,393 S/W -0,004 1,084 0,293 -0,257 1,066 0,741 

2/L 0,002 0,885 0,153 2/L 0,015 0,603 2,264 -0,185 0,336 2/L 0,016 0,677 2,682 -0,113 0,560 0,288 

2/2 -0,015 1,707 0,446 2/2 0,007 0,993 2,173 3,286 0,711 2/2 0,005 0,886 1,570 3,183 -0,808 0,725 

2/3 0,005 0,585 0,481 2/3 0,005 0,576 -0,097 0,169 0,365 2/3 0,007 0,670 0,432 0,260 0,709 0,664 

2/W 0,011 1,016 0,659 2/W 0,012 0,992 0,073 0,115 0,575 2/W 0,013 1,014 0,200 0,137 0,170 0,524 

3/L -0,010 1,216 0,688 3/L -0,005 1,043 0,356 0,975 0,689 3/L -0,004 1,088 0,611 1,019 0,343 0,673 

3/2 0,005 0,740 0,234 3/2 -0,002 0,872 -1,741 0,810 0,609 3/2 -0,001 0,930 -1,410 0,866 0,444 0,608 

3/3 0,011 1,215 0,903 3/3 0,008 1,294 -0,476 -0,115 0,912 3/3 0,008 1,315 -0,357 -0,094 0,160 0,907 

3/W -0,008 1,035 0,490 3/W -0,006 0,952 0,097 0,551 0,387 3/W -0,002 1,114 1,012 0,708 1,227 0,677 

B/L 0,006 0,787 0,681 B/L 0,000 0,912 -0,857 -0,073 0,809 B/L 0,000 0,888 -0,994 -0,097 -0,184 0,801 
B/2 0,005 0,755 0,546 B/2 0,003 0,797 -0,354 0,049 0,467 B/2 0,003 0,793 -0,379 0,045 -0,033 0,392 

B/3 0,008 0,896 0,614 B/3 0,009 0,814 -0,179 0,830 0,632 B/3 0,009 0,791 -0,309 0,807 -0,174 0,592 

B/W 0,002 0,685 0,309 B/W 0,010 0,422 0,651 1,371 0,411 B/W 0,011 0,460 0,868 1,408 0,291 0,360 

Average Value R^2 :               0.533      0.575       0.622 
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2015 
 

 
Table 18 - Year 2015 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, Intercept, 
coefficients and adjusted R2. 

The CAPM R2 average is 0.596. The range is between -0.114 and 0.898 

The three-factor R2 average is 0.638. The range is between -0.034 and 0.958 

The four-factor R2 average is 0.716. The range is between -0.082 and 0.950  

  

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

 
S/L 0,040 0,163 -0,114 S/L 0,002 0,834 2,699 1,563 0,478 S/L 0,015 0,729 1,703 0,337 -0,969 0,753 

S/2 0,009 1,034 0,898 S/2 0,007 1,060 0,199 -0,009 0,871 S/2 0,006 1,064 0,242 0,044 0,042 0,847 

S/3 0,027 0,548 0,152 S/3 0,037 0,424 -0,676 -0,160 -0,034 S/3 0,031 0,470 -0,237 0,380 0,427 -0,082 

S/W 0,007 1,129 0,553 S/W 0,004 1,200 0,217 0,212 0,416 S/W -0,008 1,295 1,121 1,326 0,880 0,687 

2/L 0,016 0,866 0,825 2/L 0,017 0,847 -0,035 -0,076 0,769 2/L 0,015 0,859 0,083 0,069 0,115 0,738 

2/2 0,014 0,779 0,743 2/2 0,010 0,910 0,253 0,506 0,776 2/2 0,006 0,943 0,572 0,898 0,310 0,861 

2/3 0,013 0,866 0,746 2/3 0,008 0,931 0,418 0,039 0,704 2/3 0,008 0,931 0,417 0,037 -0,001 0,645 

2/W 0,018 1,416 0,392 2/W 0,043 0,776 -1,534 -2,255 0,678 2/W 0,031 0,874 -0,607 -1,112 0,903 0,812 

3/L 0,016 1,102 0,705 3/L 0,023 1,113 -0,630 0,523 0,709 3/L 0,032 1,045 -1,278 -0,277 -0,632 0,908 

3/2 0,023 1,190 0,719 3/2 0,024 1,288 -0,126 0,608 0,684 3/2 0,029 1,245 -0,534 0,104 -0,398 0,709 

3/3 0,011 0,828 0,635 3/3 0,022 0,740 -0,909 0,198 0,713 3/3 0,017 0,775 -0,570 0,616 0,331 0,769 

3/W 0,014 0,993 0,753 3/W 0,012 0,957 0,212 -0,345 0,706 3/W 0,005 1,009 0,710 0,268 0,485 0,845 

B/L -0,011 0,802 0,565 B/L -0,013 0,917 0,032 0,586 0,519 B/L -0,017 0,950 0,347 0,975 0,307 0,518 
B/2 -0,008 0,723 0,549 B/2 -0,004 0,716 -0,317 0,192 0,437 B/2 0,003 0,659 -0,852 -0,468 -0,521 0,654 

B/3 -0,004 0,629 0,771 B/3 0,005 0,581 -0,698 0,257 0,958 B/3 0,005 0,582 -0,684 0,274 0,014 0,950 

B/W 0,012 0,997 0,647 B/W 0,029 0,828 -1,353 0,100 0,829 B/W 0,026 0,854 -1,109 0,401 0,237 0,836 

Average Value R^2 :               0.596      0.638       0.716 
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2010-2015 
 

P ! (Rm-
Rf)" 

Adjusted 
R^2 

P ! (Rm-
Rf)" 

(SMB)" 
 

(HML)" 
 

Adjuste
d R^2 

P ! (Rm-
Rf)" 

SMB)" HML)" (WML)" 
 

Adjusted 
R^2 

S/L *0,015 *0,819 0,339 S/L **0,010 *0,636 *1,388 -0,012 0,569 S/L *0,012 *0,772 *1,276 -0,018 *-0,640 0,679 

S/2 0,006 *1,032 0,629 S/2 0,003 *0,945 *0,599 0,248 0,697 S/2 0,002 *0,908 *0,630 0,250 0,176 0,703 

S/3 0,008 *0,942 0,402 S/3 0,003 *0,813 *0,915 0,267 0,509 S/3 0,002 *0,733 *0,981 0,271 *0,380 0,538 

S/W **0,011 *1,159 0,600 S/W 0,007 *1,041 *0,832 0,255 0,690 S/W 0,005 *0,914 *0,937 ***0,261 *0,599 0,773 

2/L 0,008 *0,863 0,353 2/L 0,004 *0,712 *1,168 -0,125 0,493 2/L 0,005 *0,785 *1,108 -0,128 **-0,343 0,517 

2/2 ***0,008 *1,116 0,578 2/2 0,004 *1,029 **0,584 ***0,359 0,640 2/2 0,004 *1,016 **0,594 ***0,359 0,058 0,636 

2/3 **0,007 *0,910 0,637 2/3 0,005 *0,845 *0,476 0,095 0,678 2/3 0,004 *0,773 *0,535 0,098 *0,338 0,721 

2/W *0,019 *1,111 0,542 2/W *0,020 *1,105 0,141 **-0,445 0,556 2/W *0,018 *0,939 0,278 **-0,437 *0,782 0,697 

3/L 0,001 *1,155 0,648 3/L 0,002 *1,198 -0,301 -0,085 0,651 3/L 0,002 *1,200 -0,303 -0,085 -0,010 0,646 

3/2 **0,009 *0,865 0,526 3/2 ***0,008 *0,872 -0,094 0,174 0,519 3/2 0,008 *0,858 -0,083 0,174 0,065 0,513 

3/3 *0,010 *0,997 0,698 3/3 **0,008 *0,984 0,040 0,245 0,705 3/3 *0,008 *0,924 0,090 ***0,248 *0,282 0,731 

3/W *0,010 *1,085 0,738 3/W *0,009 *1,067 0,134 0,000 0,733 3/W **0,008 *0,967 0,217 0,004 *0,469 0,804 

B/L 0,003 *0,570 0,304 B/L 0,004 *0,611 -0,353 0,183 0,316 B/L 0,005 *0,693 *-0,420 0,179 *-0,384 0,383 

B/2 -0,002 *0,674 0,582 B/2 0,000 *0,722 *-0,374 0,023 0,614 B/2 0,000 *0,772 *-0,415 0,021 *-0,233 0,646 

B/3 0,004 *0,777 0,623 B/3 0,005 *0,803 -0,182 -0,064 0,624 B/3 0,005 *0,812 -0,189 -0,065 -0,041 0,619 

B/W 0,012 *0,791 0,124 B/W 0,012 *0,814 -0,243 0,305 0,105 B/W 0,009 *0,632 -0,093 0,313 **0,858 0,180 
Average Value R^2:    0.520       0.569       0.612 

 
Table 19 - Year 2010-2015 regression results for the 16 portfolios sorted on size and WML factor. CAPM left, Three-factor middle and four-factor right. The table include P=portfolios, 
Intercept, coefficients and adjusted R2. *,**,*** = 1% , 5% , 10% significance level. 

The CAPM R2 average is 0.520. The range is between 0.124 and 0.738 

The three-factor R2 average is 0.569. The range is between 0.105 and 0.733 

The four-factor R2 average is 0.612. The range is between 0.180 and 0.804  
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Figure 1 - Portfolio construction in excel (year 2014) 
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Figure 2 - Portfolio construction in excel (2014)
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Figure 3 - Regression in excel (2014) 


