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ABSTRACT 

This thesis investigates pricing-performance of two recently developed multifactor 

asset-pricing models with the implementation of dual-betas dependent upon prevailing 

market-conditions. The models included in the study are the Fama and French five-

factor model and the Q-factor model by Hou, Xue and Zhang. We test the models on 

cross-sectional Swedish stock-market data between 2003 and 2015 from the Large-, 

Mid- and Small Cap-lists and their respective precursors. The models are tested in their 

ability to explain portfolios sorted on firm beta-values, on a twelve-year period as well 

as a six-year period characterized by changing market directions and high market 

volatility.   

 

In our study, we support the presence of changing risk-return relationship in up and 

down market states by estimating separate market betas with the risk-free rate as 

threshold. However, we do not find the isolated and volatile period to give rise to a 

larger difference in the up and down market betas. We consistently find the models to 

have a decreasing explanatory power on the portfolios of firms with lower beta values. 

We also find the largest difference in the up and down market betas occurring in the low 

beta portfolios, suggesting that this is causing measurement problems in the models. 

While making the models conditional, the measurement problem with the static beta 

seems to be reduced for the portfolios where the difference between up and down betas 

differ most. In the applied context, we conclude the conditional dual beta adds 

explanatory power in the models when the market beta differs in up and down market 

states.  The insights of this thesis support the method of making the market-beta 

conditional as suggested by Pettengill, Sundaram & Mathur (Pettengill, et al., 1995), in 

new multifactor models.  
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1. Introduction 

1.1 Background  

The Capital Asset-Pricing Model (hereafter CAPM), developed by Sharpe, Lintner and 

Mossin (Sharpe, 1964; Lintner, 1965; Mossin, 1966), is one of the first asset-pricing 

models and a fundamental cornerstone in asset-pricing theory. Even though the model is 

criticized for its weaknesses in describing the risk-return relationship, it still has a 

relevant role. However, during the last 20 years, more complex asset pricing models 

have been developed, attempting to better describe the risk-return relationship, and price 

assets correctly. In many means these newer models have successfully complemented 

the observed weaknesses of CAPM. CAPM is a pricing model consisting of one single 

factor, in contrast to the newer models, which have several factors to help explain and 

describe an asset’s expected return. The most recent contribution in asset pricing 

models, the Fama & French five-factor model (hereafter FF5M) and the Q-factor Model 

(hereafter QFM) have in recent studies proven to explain the cross-section of stocks’ 

expected returns more accurately than any of its precursors (Hou, et al., 2014). These 

are multifactor models, which add several explanatory factors in their models, aiming to 

capture pricing discrepancies or a specific risk-return relationship, occurring in firms 

with certain characteristics. Those factors, are often included in the models based on 

evidence from empirical observations of price discrepancies which are referred to as 

anomalies. 

 

This study will compare the two multifactor models, the FF5M and the QFM, in their 

original state to conditional dual-beta versions of the respective models. We will 

evaluate if the implementation of a conditional market beta can add value in their ability 

of predicting expected stock returns in the cross-section. Also, what impact this has in 

presence of these models' other factors. When making the models conditional, we will 

use a simplistic method for replacing the traditional static beta of the market factor 

within each model, with a dual-beta, dynamic upon the market state. This means that 

instead of a static market beta estimated over the whole sample-period, we estimate one 

market beta to be implemented in every up market state and another for every down 
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market state. This is based on the assumption that the risk-return relationship is 

changing in upward and downward markets. Hence, following the assumptions and 

reasoning of the application of dual-betas as in the study by Pettengill, Sundaram & 

Mathur (hereafter PSM), arguing that the relationship between beta and return change in 

different market conditions and different time-periods (Pettengill, et al., 1995). In this 

sense, the study evaluates if a different method of beta-estimation has the potential to 

improve the respective models’ pricing accuracy. In order to study the effects and 

eventual improvements with a conditional beta estimation, the models will be tested in 

different market conditions. One isolated shorter time-period characterized by clear 

market direction changes and high volatility will be compared to a longer sample with 

lower volatility. The study has a theoretical approach and will try to explain the 

empirical results from a perspective of existing theories. The study is based on data 

from the Swedish stock market during the period 2003-2015, a time-interval of 12 

years. 

 

This conditional method of beta-estimation, adjusting the beta for a downward and 

upward market condition, is investigated in both CAPM and the Fama and French three 

factor model (hereafter FF3M) before. In another study of Pettengill, et. al. (2002) they 

implement a conditional market beta together with the factors of the FF3M: MKT, the 

market factor, HML, the value factor and SMB, the size factor. This study supports the 

presence of a conditional market beta in the FF3M. Can the similar be done in a 

multifactor model with four or five factors? In perspective, the FF5M can be seen as an 

extension of the former three factor model. This hints that, even though multifactor 

models have several of factors that potentially could catch a changing risk-return 

relationship, there could still be room for model-improvements by using a conditional 

beta. This method to condition beta have been tested in several studies with a positive 

outcome, and was first introduced by Lakonishok & Shapiro (1984). 

 

The focus is now turning towards the new multifactor models, the FF5M and the QFM. 

In 2012, Hou, Xue and Zhang (2012) presented their Q-factor model, based on Q-theory 

and empirical evidence from market data. Their model includes four factors, and much 

like the FF3M, there is a market- and a size-factor, but instead of the FF3M value factor 

denoted “HML”, they introduced an investment-factor and a profitability-factor. Shortly 
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after, the FF5M by Fama & French (2014) was presented. They added two new factors 

to the FF3M: a profitability-factor, RMW (Robust minus Weak) and an investment-

factor, CMA (Conservative minus Aggressive). 

1.2 Problem Discussion  

To understand the problems and limitations of a static beta, we start with CAPM. The 

model assumes a linear relationship between the systematic risk and the expected return. 

The model denotes the risk attributed to an assets relation to the market excess return 

portfolio, to be explained by a single, static beta-value. By nature, the model’s ease of 

use has made it very popular. However, research shows that the model repeatedly fails 

to explain the risk - return relationship in the cross-section of stock returns causing 

pricing failures and thus the occurrence of anomalies. The criticism of CAPM can be 

suspected to be derived from the limits of a static beta, as the models only factor is a 

static average for a given period. The problem with measuring the market risk with a 

static beta is that, if the risk-return relationship in fact changes over time and in 

different market conditions, as suggested by PSM (Pettengill, et al., 1995), the 

traditional static beta is likely to produce wrongly derived estimates for the risk- return 

relationship over shorter periods. Due to characteristics of an average calculation, an 

eventual change in the risk-return relationship will be lagged due to the weight of the 

past observations, and if the relationship would differ from different market conditions, 

the average value would produce biased estimates, especially when periods of up and 

down market states only occur occasionally or at the moment when market direction is 

changing.  

 
The problem comes down to the investigated models’ ability to adjust for a changing 

risk-return relationship since the static beta remains in these models. Research evolved 

around the CAPM, highlights the measuring problems with a static beta and this 

becomes an evident component to approach and further investigate. If the models’ 

abilities to measure a changing risk-return relationship can be improved with a 

conditional dual beta.  

 

Measurement problems in asset pricing-models are problematic in several dimensions. 

Fama (2013) highlights that failures of an asset-pricing model can be seen as either a 
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sign of an inefficient market, or as a weakness in the pricing models. Measurement 

problems mean that the models would not take into account all the circumstances that 

lead up to an asset’s estimation of return and risk. Following the Joint Hypothesis 

Problem, Fama argues that if the Efficient Market Hypothesis is not assumed when 

testing asset-pricing models, it would be impossible to test and evaluate them. The 

problem is two-sided since, the other way around it would be impossible to evaluate 

market efficiency, not assuming the models to describe the risk return relationship 

correctly. Thus, measurement problems in pricing models also pose a problem for 

financial theory.   

 

One can also see the problem through the eyes of an investor who use the models to 

evaluate assets in market conditions when the risk-return relationship might be 

changing. If the models fail to adjust for this, the price estimated by the models, will be 

more affected by the characteristics of the past risk-return relationship rather than based 

on the prevailing market conditions for this specific period. This implies that the use of 

a beta averaged for the past period and assumptions for risk and return will cause 

failures in the model. These facts are presented by PSM (1995), who suggest a possible 

solution to this measurement problem would be to implement a conditional beta. They 

show that the static beta is inconsistent for shorter sub-periods in the samples studied. 

Instead the risk-return relation seems to be dependent of the chosen time-period for 

estimation. The traditional static beta could thus be a reason for estimation errors if it is 

used for evaluation in a shorter time-perspective. Several studies suggest that beta in 

fact changes more dynamically under prevailing market conditions (Pettengill, et al., 

1995; Pettengill, et al., 2002; Trainor, 2012; Jagannathan & Wang, 1996; Petkova & 

Zhang, 2005).  

 

The multifactor models are by their design less exposed to the static beta-problem than 

the precursor CAPM, since the estimations and the risk-return relationship depends on 

multiple factors in addition to the market return factor, such as firm size, profit and 

valuation which could adjust the risk-return relationship that a static beta cannot. Even 

so, much of the information that the other factors are based on are limited to quarterly or 

semiannual or annual data, which highlights a limitation for adjustment. Asgharian & 

Hansson (2000) write that a conditional beta is superior to the conventional static beta 
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when applied on the Swedish market when applied on the FF3M. Pettengill, et al. 

(2002) also apply the method on the FF3M, with improvements. Even if multifactor 

models include factors to complement the weaknesses of its precursor CAPM, they also 

keep the static market beta, hinting that some of the problems might still be around. It 

appears that the static beta has problems in measuring a changing risk-return 

relationship, why it is interesting to further investigate the impact of applying a 

conditional dual beta. These results raise questions upon how the market beta should be 

estimated and if the QFM and the FF5M, if the model’s other factors already seem to be 

able to adjust for this or if they could be improved and more applicable for investors, 

especially in the short-time perspective. 

1.3 Research Contributions  

This study contributes with research on new multifactor models and the implementation 

of a conditional dual-beta by a similar conditional method as used by PSM (Pettengill, 

et al., 1995). The study contributes with empirical research on a method used for beta-

estimation. We show how the dual-beta method affects recent multifactor pricing 

models’ abilities to explain cross-sectional stock returns, and that it possibly can reduce 

observed measurement problems connected with a static beta.  The study is motivated 

by the fact that a static beta has proven to poorly adjust for a changing risk-return 

relationship in different market conditions. Further, it contributes with an application of 

the models in their conditional and unconditional versions on the Swedish market, 

specifically evaluating this implementation in an isolated volatile period. Previous 

studies of other multifactor models with a dual-beta upon the market state compared to 

an unconditional beta have come out with a positive outcome. Despite this, no study has 

yet been observed, further investigating the recent QFM and the FF5M with the 

implementation of a conditional dual-beta. 

 

Investigating the dual-beta method dependent on market conditions is of certain 

importance for investors using the models for making decisions when in a period when 

the risk-return relationship might be changing. Except from the practical contributions 

for an investor, this study also brings contribution in a financial theoretical perspective. 

Referring to the joint hypothesis problem, it lies in the interest of financial theory to 
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explain and measure the efficient market hypothesis, which is also dependent of having 

pricing models that correctly measure the risk-return relationship. 

1.4 Our Research in Perspective of Earlier Student Theses  
A student thesis from Linköping University by Hammarfrid & Henningsson (2015), 

compares the FF5M, the QFM and by evaluating the models’ abilities to explain cross-

sectional portfolio excess returns on the Swedish market between 1996 and 2014. They 

find that the main difference between the two models is the HML factor within the 

FF5M, and that the FF5M have marginally better pricing performance on the Swedish 

stock market data compared to the QFM when the models are tested against each other. 

They clarify that their results might are affected of the adjustments they make in the 

models when fitting them for the Swedish stock market data.1 We find both their 

method of adjusting the models to the Swedish market relevant and their results 

interesting to compare ours with since it one of the few studies investigating those 

models on the Swedish market.   

 

The authors do not apply a conditional market factor beta in their research, which in 

several earlier studies have shown to augment the significance and explanatory power 

of pricing models. In this context, this study will complement previous research on 

multifactor models applied on the Swedish stock market by investigating how the new 

models are affected by an alternative, conditional method to estimate the market beta.   

 

Another student thesis from Umea School of Business, by Vosilov & Bergström (2010) 

tests the FF3M and the CAPM with a conditional dual-beta. They find conditional 

models to outperform unconditional models, and the conditional CAPM as the best-

performing model when they compare unconditional and conditional versions of 

CAPM, the FF3M and Carhart’s four-factor model on Swedish stock market data 

                                                
1 In the study by Hammarfrid & Henningsson (Hammarfrid & Henningsson, 2015) the authors conclude 

that the QFM may be affected for the adjustment they make in the ROE factor for the Swedish stock 

market structure which by the Swedish regulations only allows yearly calculations of the ROE factor, 

compared to the quarterly updates that are possible on the U.S stock market. They state that the 

implications for the models is that their respective Profitability factors compete on more equal conditions, 

since the update frequency of the factors becomes the same on Swedish stock market data.   
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between 1997 and 2010. We find the study relevant because it is also investigating 

conditional betas on multifactor models on the Swedish market. The results from this 

study will also be used to compare our results. Their study is however conducted on 

older pricing models. In this context, the study will also complete earlier research by 

applying a similar method but including newer models to widen research and 

understanding of conditional asset-pricing. Research in this area appears to be limited 

and the study aims to contribute with new research in those unexplored areas.  

1.5 Research Purpose 

The purpose of the study is to investigate the effects of implementing a conditional beta 

by relatively compare conditional forms to the unconditional of the multifactor models: 

FF5M and QFM. By testing the models relative ability on the cross-section of Swedish 

stock returns in a relative volatile period to a longer period with lower volatility we aim 

to bring an in-depth discussion of the implementation of a conditional beta and if the 

models can improve in measuring a changing risk-return relationship in up and down 

market states. We aim to clarify If the model’s other factors already seem to be able to 

adjust for a changing risk return relationship or if they could be improved and more 

applicable for investors, especially in the short-time perspective when these changes 

would be occurring. Further the purpose is to analyze and explain the outcome with 

existing theories.  

1.6 Research Questions 

Considering the purpose of the study, the following research questions are formulated:  

 

How do conditional versions of the QFM and the FF5M perform in pricing the cross-

section of stocks expected returns compared to unconditional versions of the same 

models when tested on: (i.) the whole sample, (ii.) an isolated period with higher 

volatility and changing market directions? 

 

What are the models relative ability to explain the cross-section of stock returns for 

portfolios sorted on firm beta-values? 
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Do conditional dual-beta versions of the FF5M, QFM add explanatory value in their 

ability of estimating the expected returns in the cross-section the Swedish market? 

1.7 Delimitations 

The study is limited to the stocks listed on the OMXS Large Cap, Mid Cap and Small 

Cap during the period of 2003-07-01 – 2015-07-01. This means that the even though a 

large part of the Swedish stock market is included, it does not include the whole market 

and our observations will be limited to the sample we study. Due to a theoretical 

investigation approach in this study, no consideration is taken towards administrative 

fees or transaction costs. The study does not focus on what degree the underlying 

anomalies behind the factors included in the models are appearing on the Swedish 

market, but rather focus on a relative comparison of the models ability in the given 

scenarios and conditions. With this, we want to highlight that if a model is particularly 

good in explaining a specific anomaly that is not present of the market, the result of the 

model will be affected since the factor aiming to explain this none-appearing anomaly, 

the factor will become less significant. Neither do the study focus on investigating 

exactly what periods that the risk-return relationship would be most occurring, but 

rather rely on observations from earlier studies, and test the models in scenarios 

suggested by earlier studies. 

1.8 Scientific Foundations and Research Approach  
This study use developed and accepted financial theories and pricing models with the 

aim to explore and explain observations on historical Swedish stock market data. Our 

study is best described as a deductive study with a quantitative approach. We construct 

research questions for the study by considering already existing theory. Data is 

collected, investigated and finally presented as empirical results. The analysis consists 

of explaining the reached results with the theories considered in the beginning of the 

research, and also comparing the outcomes with similar studies. Finally, we aim to draw 

conclusions from how the theory does or does not explain the observed results, and 

contribute with new conclusions and perspective  

 

Within Economics, many studies intend to use the positivistic approach common within 

Natural Science. Positivistic research strives to explain phenomena by “hard facts” such 
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as theories and laws: it is in most cases related to objectivism (the aim to explain 

phenomena with neutrality) and deductivism (Bryman & Bell, 2007). However, since 

Economics is part of the Social Sciences, it is harder to keep a positivistic research 

approach since Social Science often is associated with what is considered as socially 

constructed and affected by humans, compared to for example the Law of Gravity 

within Natural Sciences which can be considered as an evident fact to most people. 

Even though our study considers some kind of objective, observable reality, it is still 

distorted by socially constructed elements, making the objective reality harder to 

observe due to noise. 

 

Our aim within the study is to be as positivistic, consequent and objective as possible, 

even though there are certain obstacles through the paper that the reader should be 

aware of, such as the Joint Hypothesis Problem which puts us up to the unanswerable 

question if the estimation problems lies within the construction of the pricing models, or 

within the market’s efficiency. There is no intention for us neither to investigate market 

efficiency, nor to construct the best pricing model. In line with previous researchers of 

pricing models, we assume there is some kind of efficiency and rationality among 

investors and thereby aim to investigate the models included unconditionally and 

conditionally in a relative comparison on Swedish stock market data and during the 

given time period. Our intention is, finally to contribute with some induction from our 

conclusions to existing theory by being able to say how conditional forms of the models 

perform compared to unconditional forms on Swedish stock data.  

1.9 Reliability  

Reliability within research concerns the consistency of a study where a reliable study is 

expected to show similar results if the study is repeated (Bryman & Bell, 2007). Thus, 

we have strived to be as consistent in procedures and methods throughout our research 

as possible. The multifactor models used in the study are developed by acknowledged 

researchers and have been tested on several stock markets. In order to maintain a high 

reliability in the study, when applying the multifactor models, they remain the same as 

originally presented in their respective journal publications. This means that the QFM is 

in the same form as in Digesting Anomalies (Hou, et al., 2015) and the FF5M as in “A 

five-factor model” (Fama & French, 2015). The factor construction for the models, are 
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as far as possible alike those in the original model, all steps are explained and any 

deviations are documented in the method chapter. When conditional forms of the 

models are formulated the same approach is used in implementing a conditional beta as 

in earlier studies (Wihlborg & Zhang, 2010; Pettengill, et al., 2002). The method of 

implementing a conditional market beta has been studied in asset pricing models and 

have shown improvements in the models’ abilities to price cross-sections of stock 

returns. In this context, the study strives to replicate the recognized models and methods 

to minimize errors. Data provided for the study is used by professionals worldwide and 

is seen as qualitative and transparent. Further, calculations, methods, procedures and 

data sources are presented in detail to give the study a high replicability.   

 

The time-series data needed for the factor construction and the tests: stock price, 

outstanding shares, book-value of equity, net income excl. extraordinary items, EBIT, 

interest expense, risk free rate: a one-month Swedish T-bill, return of the market: 

OMXSPI All Shares Index and firm beta values are all collected from Thomson Reuters 

DataSteam2  database. To ensure that only one stock per firm is used, and for the period 

of which the stock is listed on above mentioned lists, all listing periods and name 

changes are documented. Data for companies’ listings, delistings and name changes are 

collected from the Nasdaq OMX Nordic webpage, and the lists “Share trading per 

company” for each year (Nasdaq omx - Statistics, 2003-2015) and “corporate actions” 

for each year (Nasdaq omx - corporate actions, 2003-2015). In case of lack of 

information, when needed, companies’ names and listing period are collected from the 

Swedish tax office (Skatteverket , 2003-2015). For data management and portfolio 

constructions and evaluation, we use MS Excel and EViews. To compare and evaluate 

the model's performance and abilities, equally weighted portfolios are constructed for 

each factor. The performances of both models are evaluated by adjusted	𝑅#, alpha-

value, p-value for the included factors before and after a conditional market beta. 

                                                
2 We are grateful for the software licenses that are available for us as a student resource within education 

and research at Linköping University. 
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1.10 Generalizability 

In the context of generalizability, the study is restricted to the investigated time period 

and the stocks included in our sample. Even though, stocks listed on Large-, Mid- and 

Small-cap are included to get a wide representation of the market, it is essential to 

understand that this does not comprehend the whole market and also that specific 

market characteristics in terms of constituents, size and volatility are different from 

other markets, and may change over time. In terms of replicating the asset pricing 

models, some modifications in construction the portfolios are made due to restrictions 

in the data collect process. However, all deviations from the original models are 

explained in the method chapter. The historical performance of the models, which the 

test is based on, does not assure similar outcomes in the future.  

1.11 Validity  

This study intends to provide the reader with the results of the tests and answers on the 

above stated questions in an understandable and illustrative way with a clear link to the 

presented theory, data and methods used. The study strives to describe, discuss and 

understand the results from a theoretical perspective, presenting them in a 

comprehensible way. The results will be compared to earlier studies to validate our 

findings.  

 

This study makes relative tests between conditional and unconditional forms of the 

FF5M and the HXZ Q-factor model and will not investigate the models’ abilities in 

absolute terms. By using a relative approach in our tests, it is fundamental that one 

cannot expect this study to find the best existing multi factor model to use in asset-

pricing and neither that the pricing of the models imperatively is the true value of the 

assets investigated. Also, the ability of the models to price assets correctly, is still 

restricted to the extent of how much faith one is willing to put in the ability of historical 

stock-characteristics to say something about future prices. This is a standpoint 

researchers struggle with, and to which the reader needs to conclude his or her own 

assumptions.  
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This can further be explained by Fama (1991), who highlights the problem in estimating 

and quantifying market efficiency by the use of pricing models since these models have 

no definition about what market efficiency is. Instead the models usually are evaluated 

by their ability to explain realized cross-sections of asset-prices given the factors which 

the models are constructed by. This implicates that mispricing from pricing models 

generally could be due to irrational investor decisions and thus inefficient markets, or 

caused by a poorly constructed model with incorrect theoretical assumptions and wrong 

pricing factors included. Just like in Fama’s paper (1991) we do not intend to analyze 

the real explanation of these anomalous patterns further by investigating market 

efficiency. Instead we investigate how new multifactor models with empirically proven 

ability in pricing assets from the perspective of an investor, for whom it could be a 

possibility to better investment decisions if the pricing models’ predictability could be 

further improved. For this purpose, to be able to analyses the multifactor models, this 

study assumes the market to be efficient.   

1.12 Ethical aspects 

Throughout the study we have considered the ethical guidelines in “Forskningsetiska 

Principer” by The Swedish Research Council (Vetenskapsradet, No date). Since our 

study is quantitative and related to research of data, ethical aspects consider how we 

obtain, use, analyze and present data. With this in mind we strive to be as transparent 

and reporting as possible about methodology and sources while giving credit to other 

researchers’ contributions and avoid misconduct of data due to user restrictions and 

policies.  
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2. Theoretical Framework   

2.1 The Efficient Market Hypothesis  

Asset-pricing models assumes financial markets to be efficient, which imply a 

proportional relationship between expected return and risk. An efficient market assumes 

all available information is available for all market participants, all investors are holding 

an efficient portfolio and the all tradable entities are thus, efficiently priced. This means 

that stocks in general are correctly priced, and it would make it impossible for investors 

to consistently outperform the market with an informational advantage. Thus, the only 

way to reach a higher return is to be to take on a higher level of risk. According to Fama 

(1965, p. 94) market efficiency requires a significant amount of investors acting 

rationally and maximizing their profit, also assuming that investors have access to all 

information available and not are affected by trading costs or restrictions. Fama further 

presented three levels of market efficiency:  Weak, Semi-strong and Strong. The 

different levels of which describes what kind of information that is reflected in the stock 

prices, from the weak form, implying that historical data is not useful for predicting 

future prices, to the strong form saying that even insider-information is reflected in the 

stock-prices. 

 

Anomalies are not aligned with an efficient market: thus it would mean that certain 

factors or variables would generate an abnormal excess return, therefore it lies in the 

interest of asset pricing models to explain continuously observed price discrepancies. 

All though, the purpose of this study is not to prove or rebut the efficiency of the 

market, the rules for which the models play by are important to understand.  

2.2 The Joint Hypothesis Problem  

Consistent pricing failures of a model could either be seen as a sign of an inefficient 

market, or as a weakness in the pricing models, not being able to explain them. If the 

Efficient Market Hypothesis is not assumed when testing asset-pricing models based on 

its theory, it would be impossible to test and evaluate the models (Fama, 2013). 

Inversely, testing market efficiency also has to be jointly tested with an asset-pricing 

model (Fama, 1991).  The problems culminate if the efficient market is not assumed, 
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how can we know if it is the models which makes correct/incorrect predictions, or, if it 

in fact is the actors on the market acting irrationally, triggering the price anomalies? If 

markets are efficient, and the pricing-model is correct, the returns of the securities 

measured, will on average follow the pricing-models’ prediction (Fama, 1970). In order 

to investigate the FF5M and the QFM, we assume the problem lies within the model-

specifications and not in the market. Since we instead turn to the models, we assume 

that measurement problems are behind failures of asset pricing models. Consequently, a 

model that can better measure the market circumstances will explain the risk-return 

relationship more correctly.  

2.3 Measurement Problems in Asset-Pricing Models   

We start with the CAPM because it is one of the cornerstones in asset-pricing theory, 

and as we will show later on, much of the criticism of models ability in measuring the 

risk return relationship is what has lead up to the creation of multifactor models. The 

model gives a linear estimation of the risk-return relationship of an asset compared to 

the market portfolio’s excess return over the risk-free rate of return, where the market 

beta represents the particular asset’s sensitivity to the overall market (Bodie, et al., 

2014, p. 291). The model was introduced by Sharpe (1964), Lintner (1965) and Mossin 

(1966). Still today, the model is widely used within Finance with recognition for its 

versatility. The model argues that the risk of a single asset has a linear relationship to 

the asset’s expected return, and the sensitivity of the asset to the overall market-risk is 

expressed with the market covariance-beta. The beta reflects only the systematic risk, 

since all investors are assumed to hold diversified portfolios, there will be no 

idiosyncratic risk to comprehend. The beta consists of the covariance of the asset and 

the market portfolio (i.e. all tradable assets), divided by the variance of the market. The 

market beta (2.1) and CAPM (2.2) are expressed as:  

𝛽%& 	= 	
𝐶𝑜𝑣 𝑅%, 𝑅,

𝑉𝑎𝑟&
 (2.1) 

         

and: 
 
𝐸(𝑅%) − 𝑅4 = 𝛽%(𝐸(𝑅&) − 𝑅4) (2.2) 

where, 
𝐸 𝑅% = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑	𝑟𝑒𝑡𝑢𝑟𝑛	𝑜𝑓	𝑡ℎ𝑒	𝑎𝑠𝑠𝑒𝑡  
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𝐸 𝑅& = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑	𝑟𝑒𝑢𝑡𝑛	𝑜𝑓	𝑡ℎ𝑒	𝑚𝑎𝑟𝑘𝑒𝑡	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 

𝑅4 = 𝑅𝑖𝑠𝑘	𝑓𝑟𝑒𝑒	𝑟𝑎𝑡𝑒  

 

The Capital Asset-Pricing Model endured lots of critics during the years, highlighting 

the problems with measuring the risk-return relationship with a single static beta model. 

Never the less, the model’s comprehensive ease of use to estimate risk and applicability 

has given it broad acceptance. Results from empirical tests of CAPM only showed weak 

evidence of the models ability to explain the risk-return relationship, and has pointed in 

different directions, as explained in Dimson’s study (1988). Following the debate of 

Fama and French in 1992, they claim that the single-beta of CAPM consistently fails to 

capture expected returns in the general cross-section of stocks between the years 1963 – 

1990. Further, claiming that the expected positive relationship between beta and 

expected return for this period is unobservable (Fama & French, 1992). Instead, they 

argue the two variables, Size (Market Equity) and Valuation (Book-to-Market Value), 

give a simplistic yet forceful breakdown of the cross-section of expected stock returns 

for the same period. Another interesting contribution of the same study is the particular 

observation of assets with a low beta among small firms, tend to give a higher return, 

than expected by CAPM, (Fama & French, 1992, p. 440) This supports earlier research 

of Banz (1981), which also says that small firm stocks with a low market capitalization 

tend to have abnormally high-expected returns. It appears to be consensus that a single 

static beta model, fails to correctly measure occurring risk-return relationships in certain 

categories of firms. Noteworthy is, that in studies making the CAPM conditional, the 

model’s ability has severely improved, this is further explained in chapter 2.7.   

 

The failures of CAPM, and a single static beta model, has resulted in identifying and 

categorizing characteristics of firms that CAPM consistently fail to price correctly, and 

are referred to as anomalies. Empirical observations that cannot be explained by the 

asset pricing models or with existing theories are anomalies (Schwert, 2002). In the 

context of the joint hypothesis problem, unexplained anomalies in asset pricing models 

pose a problem the finical theories on which the models and the efficient market is 

based on. This also raises the questions on how anomalies should the measured, which 

as you will see below, differ from model to model depending on their theoretical 

foundation.  
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Anomalies can be both firm specific and time-series occurring like e.g. the January 

effect. When discussing anomalies in this context, we focus on cross-section anomalies 

since it is this kind of anomalies the asset pricing models aims to adjust for with their 

factors. The observed anomalies are the reason for the developers of the multifactor 

models to include factors to adjust for those occurring premiums (Cochrane, 2011). 

Thus in some extent this can be seen as what gave birth to multifactor models. Even 

though multifactor models include new factors, the static market beta is still kept. In 

order to understand what the included factors in the models aims to explain, below 

follows a review of the main anomalies the investigated multifactor models additional 

factors intend to adjust for, and in this sense, what the traditional static beta fails to 

adjust for.  

2.3.1 Firm Size   
The size anomaly is connected with firm size, often measured as market value of equity. 

This anomaly is often referred to as the small firm effect and it is the discussion 

emerged from empirical observations concerning small firms generating a higher 

expected return than what is expected by the capital asset pricing model. The anomaly, 

was brought to attention by Banz (1981) and Reignanum (1981), both saying there are 

differences in returns between small and large firms, sorted on market equity, and that 

the CAPM beta fails to adjust for this, hence giving the small firms an abnormal return 

considering their beta. This effect was in the center of attention when Fama & French 

(1992) introduced their three-factor model, which included a size factor to adjust for 

this premium. 

2.3.2 Firm Value 
The value anomaly refers to the markets valuation, thus the price, of the firm’s earnings, 

book value of assets, equity or some other fundamental value measure. A subgroup in 

the value anomalies is the BE/ME, “Book value of equity/market value of equity-ratio” 

or the “price-to book-ratio”. It is somewhat referring to the concept value investing. The 

ratio gives a comparable measure for which the core is the expectation of the ability of 

those relatively undervalued “cheap” stocks to generate higher returns than the more 

expensive, thus “overvalued” stocks. One of the first to document this observation was 

(Stattman, 1980), claiming there is a positive relationship between the BE/ME-ratio and 

return. In the paper of Lakonishok, et al. (1994), they suggest buying stocks with high 
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BE/ME ratios, “value-stocks”, outperforms stock with low ratios, “glamour- stocks”, 

during the period from 1968 to 1990. Fama and French (1992) also supports this 

conclusion on data from 1963 to 1990. 

 

Theoretical explanations suggest different reason for the appearance of this anomaly, 

Fama and French argues, since the ratio is based on historical data, companies with a 

weak past performance will retain a higher BE/ME ratio, and also bear a higher risk, 

which justifies a higher expected return. Another explanation is that the value effect 

occurs because of mispricing in the market of the future cash-flows (Ali, et al., 2003, p. 

371). While Fama and French (2015) include a value-factor in their FF5M, denoted 

“HML”, HXZ (2014), argue that this factor is redundant in combination with the 

FF5M’s other factors, “RMW” and “CMA”.  

2.3.3 Firm Profitability 
The firm profitability anomaly is referring to firms with higher profitability obtaining a 

higher return in the future. Haugen and Baker (1996) suggest historical returns of a 

company, such as ROE, has explanatory value in future returns, which seems 

contradictory to the EMH. One way to measure the anomaly related to profit, is to 

measure Return on equity (ROE), as in the QFM by HXZ. There is little theoretical 

explanation for including ROE, but the authors argue the inclusion is rather based on 

empirical evidence. Fama and French instead use EBIT- interest expense as a measure 

of profitability. This has been criticized by HXZ (2014) who instead argue that a 

company’s ROE unlike EBIT, takes into account momentum, financial distress and 

surprises in earnings of a company, and that past cash flow is as weak prediction value 

of future profitability (Hou, et al., 2015, p. 658).  

2.3.4 Firm Investment 
Both FF and HXZ, debate that investment have significant effect on expected average 

returns, whereby they include factors in their models to adjust for return premiums 

related to investments (Hou, et al., 2014). Theoretically, a company can either reinvest 

their earnings or pay dividends, whereof both will add value in the stock. In the 

multifactor models, high investments give less earning to dividends and should have a 

negative effect on the price. According to the Gordon Growth model, the value of a 

stock is given by the ability to increase and pay dividends. On the other hand, an 
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increase in reinvestments gives opportunity to growth in EBIT. Consider formula (2.3) 

as presented by Damodaran (2012): 

 
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑	𝐺𝑟𝑜𝑤𝑡ℎ	𝑖𝑛	𝐸𝐵𝐼𝑇 = 𝑅𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑒 ∗ 𝑅𝑒𝑡𝑢𝑟𝑛	𝑜𝑛	𝐶𝑎𝑝𝑖𝑡𝑎𝑙 (2.3) 

2.4 The Q-Factor Model 

The empirical Q-factor model was first presented in 2012 by Hue, Xue and Zhang (Hou, 

et al., 2012). The authors say it is an anticipated and long awaited update of the Fama 

and French anomaly digestion, and possibly a new workhorse among the asset-pricing 

models (p. 35). The model motivates the inclusion of factors based on the q-theory of 

investment rather than the valuation theory as in the FF5M (Hou, et al., 2014). 

According to the authors, the model does good, and in many cases better than the 

previous popular models in explaining cross-sectional asset-pricing: the FF3M and the 

Carhart four factor model (hereafter C4M). The FF3M consist of the market factor 

“MKT”, the value factor “HML” and the size factor “SMB”. The C4M is an extension 

of the FF3M with an additional factor adjusting for momentum. According to the 

authors, the model stands out in catching what is described as the momentum effect as 

good as the C4M. HXZ, also claim their QFM to be equally good as previous models on 

pricing portfolios on book-to-market-value and firm Size, p. 1 (Hou, et al., 2012). The 

authors in particular highlight the model's ability to catch anomalies connected with 

financial distress and idiosyncratic volatility (2012, p. 2). Much thanks to the inclusion 

of the new profitability factor based on ROE. In their paper, the ROE factor is supposed 

to be updated monthly, in contrast to other factors that are measured annually. In 

practice, this implementation is limited due to different legislation requirements of 

reporting on different markets. The QFM consist of a market factor, a profitability 

factor, an investment factor and a size factor. In contrast to the models of Fama and 

French, they decide not to keep the HML factor, adjusting for firm value measured as 

BE/ME, and instead add a profitability factor and an investment factor. The equation 

culminates into (2.4).  

 
𝐸(𝑟)% − 𝑟4 = 𝛽JKL% 𝐸 𝑀𝐾𝑇 	+ 	𝛽JP% 𝐸(𝑟)JP 	+ 	𝛽QR/R% 𝐸(𝑟)QR/R 	+ 	𝛽TUP% 𝐸(𝑟)TUP   (2.4) 
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Where, the factors correcting for returns premiums are: The market factor denoted 

MKT, the size factor denoted ME, the investment factor denoted 𝛥𝐴/𝐴 and the profit 

factor, denoted ROE. 𝛽𝑴𝑲𝑻
𝒊

,𝛽𝑴𝑬
𝒊

,	𝛽𝜟𝑨/𝑨
𝒊

,	𝛽𝑹𝑶𝑬
𝒊

 are factor loadings and represents the slope of 

a time series regression of the excess returns of the asset 𝑖 and on each of the 

respectively factor returns.   

 

According to the authors, the factor premiums are calculated as follows: The market 

factor MKT, is simply the return of the market less the risk free rate, and it is the beta of 

this factor we intend to make conditional. The investment factor𝛥𝐴/𝐴, is constructed 

through calculating the change of the company's total assets from period t to period t+1, 

and then dividing the change on the totals assets of period t. The sample is then 

arranged from highest to lowest investment rates. The breakpoints used for dividing the 

sample into portfolios are: the 30 % highest degree of investments, the middle 40 % and 

the bottom 30 % and each makes one portfolio. The factor is then calculated by the 

difference between a diversified portfolio of the top 30 % and a diversified portfolio of 

the bottom 30%. The profitability factor, ROE, is constructed by calculating the return 

of equity, which is given by the net income divided by book value of equity. The 

sample is arranged and divided into portfolios with the same breakpoints as for the 

investment factor. The size factor ME, is created through sorting the firms on Market 

value of equity “size”, and then dividing every other factor portfolio with the median as 

break point. This gives one big and one small portfolio of all sorted portfolios. The size-

factor is calculated by the difference in returns between the average of all small ME 

portfolio and the average of all Big ME portfolios.    

2.5 The Fama and French Five-Factor Model   

Not long after HXZ, Fama and French (2014) introduced their five factor model. The 

model is an obvious update of the FF3M from 1993 (Fama & French, 1993), it keeps all 

the previous factors from the FF3M and also add two new factors: An investment factor 

and a profitability factor, seemingly inspired by the new contribution of HXZ. Fama and 

French measure their profitability factor as EBIT-interest expense (Hou, et al., 2014, p. 

1), and argues that this is a good proxy of expected earnings. This is something that has 

become criticized in a comparing paper of HXZ (2014), who argue that past cash flows 

are a bad estimate for future cash flow, and also that the annual update frequency in 
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EBIT in contrast to the monthly in ROE, is less efficient. They also argue that the value 

factor becomes redundant when Fama and French decides to keep the factor in the 

FF5M. Fama and French in some extent also find the value factor to be redundant but 

still keep it in the model saying it contributes with completing the model, and that it has 

theoretical support. Fama and French motivates their factors through the valuation 

theory, which implies that higher earnings and book-to-market ratio will lead to higher 

expected returns (Fama & French, 2015). The equation of the Fama and French three-

factor model (2.5), followed by the five-factor model (2.6) are as following: 

 
𝐸(𝑅%) − 𝑅4 = 𝛽% 𝐸(𝑅&) − 𝑅4 + 𝛽aJb	𝐸(𝑆𝑀𝐵) 	+ 𝛽dJe	𝐸(𝐻𝑀𝐿)   (2.5) 

  

𝐸(𝑅%) − 𝑅4 = 𝛽% 𝐸(𝑅&) − 𝑅4 + 𝛽aJb	𝐸(𝑆𝑀𝐵) 	+ 𝛽dJe	𝐸(𝐻𝑀𝐿) 	+ 	𝛽TJh	𝐸(𝑅𝑀𝑊)	+

	𝛽jJR𝐸(𝐶𝑀𝐴)  

(2.6) 

 

where the factors correcting for returns premiums are: The market factor, denoted 

𝐸(𝑅& − Rl), the size factor denoted SMB (Small minus Big), the valuation factor 

denoted HML (High minus Low), the investment factor CMA (Conservative minus 

Aggressive) and the profitability factor RMW (Robust minus Weak). 𝛽%, 

𝛽aJb	,𝛽dJe	,𝛽TJh,𝛽jJR are the factor loadings and represents the slope of a time-series 

regression of the excess returns of the asset 𝑖 and on each of the respectively factor 

returns.   

 

The market factor, is the return of the market minus the risk free rate and the size factor. 

The size factor “SMB”, is constructed the same way as ME-factor described in the Q-

factor model. The valuation factor HML, is created through calculating the Book-value 

of equity divided by the market-value of equity -ratio of the firms. The sample is then 

sorted by size, whereon, it is divided into three portfolios: Top 30%, bottom 30 % and 

middle 40%. The top respectively bottoms 30% is denoted high and low. HML is the 

difference between a diversified portfolio of the high (BE/ME) sample and a diversified 

portfolio of the low (BE/ME) sample. The investment factor, CMA represents the 

difference between the diversified portfolios of companies with high and low 

reinvestment rates. The breakpoints for data sample are not predetermined. Fama and 

French propose dividing by the median, or with a 30-40-30 partition to be equally 

beneficial (Fama & French, 2014). The profitability factor, RMW is constructed by the 
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company’s Earnings before interest and tax, also here, note the difference from HXZ, 

Return on equity. In accordance to the breaking points of the investment factor, the 

same applies to this factor.   

2.6 Previous Research on Conditional Beta  

In the sections above we have explained the limitations observed with the use of a 

traditional static market-beta in pricing models followed by how new multifactor 

models include factors to adjust for this. Here we present research on conditional dual-

beta as a possible solution to increase the explanatory power in the market factor.  

 

Studies of conditional dual-betas find a stronger systematic relationship between betas 

and returns in conditioned models, but only weak relationships when unconditional 

factor models are tested. This is shown in several studies (Pettengill, et al., 1995; 

Howton & Peterson, 1998; Pettengill, et al., 2002). They argue, as soon as the 

covariance relation between the market and the portfolio changes due to higher or lower 

volatility, a different market state prevail since the beta relationship between market and 

the portfolio changes too. This makes the risk expressed by the static beta invalid since 

such shorter sub-periods can have the characteristics of either a rising bull-market or a 

falling bear-market. Following, methods of estimating beta have been developed and 

examined in studies of the CAPM and the FF3M. In the study of Pettengill et. al. (1995) 

the authors demonstrate significant improvements of CAPM when applying a dual-beta 

estimation method and when market returns are separated by up- and down-market 

conditions. The results show regression-alphas closer to zero when conditional dual-

betas are used compared to the original model. In a later study Pettengill, Sundaram and 

Mathur show a significant relation between the market-conditioned dual-beta and 

returns in the FF3M, where the market factor is tested in presence of a size- and a book-

to-market value-factor, supporting functionality of dual-betas in presence of those 

factors as well (2002). 
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3. Method  

3.1 Data Collection and Processing 

3.1.1 Time-Period of Dataset 

The data sample used in the study covered a 12-year period from 2003-07-01 to  

2015-07-01 and included all stocks listed on the OMX Stockholm Large Cap, Mid Cap 

and Small Cap. This period was chosen since it covered several interesting market 

occurrences on the Swedish stock-market. The period starts after the dotcom-bubble 

crash when the market started to recover and is characterized by a bull-period, until the 

American real estate-bubble burst with a global profound impact on financial markets. 

In recent years a global trend in financial policy have been quantitative easing with 

negative interest rates with purpose to stimulate consumption and economic growth. 

The Swedish stock-market reached a new all-time high during the first quarter of 2015. 

The chosen time period was long enough to cover bull and bear market conditions and 

volatile periods. For testing the models, the sample was divided into two periods: the 

whole sample covering 2003-07-01 to 2015-07-12, and the isolated period stretching 

from 2006-07-01 until 2012-07-01. The beginning and ending points of the period were 

aligned with the portfolios formations periods, as explained below, with beginning in 

July every year. Moreover, this specific time period was chosen because it was 

characterized by big market direction changes and high volatility. Since this sample 

covered a six-year period, we assured enough observations for calculating the individual 

up and down beta regressions as well. By testing one period with changing market 

directions and high volatility against a larger sample, we aimed to evaluate if this 

specific market conditions had greater impact when a conditional beta was applied 

instead of a static. As a comparison, the market volatility, measured as standard 

deviation on monthly returns of the market for the whole sample, was 4, 9 % for the full 

sample period compared to 6% within the isolated period. In the graph below the 

isolated period is colored in orange. Even though shorter periods with higher volatility 

were identified through the sample, these periods would have caused problems because 

of too few observations available for the estimation of sorted up- and down- market 

betas.  
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Figure 1. The Swedish stock market Index OMXSPI between 1st July 2003 and 1st July 2015 that represents our full 

sample period. The colored period stretching between 1st July 2006 and 1st July 2012 represents the isolated period 

characterized by higher volatility in our investigation.  

3.1.2 Data Collection   

The data collection included monthly stock prices of all companies listed on the 

Stockholm Stock Exchange’s Large-, Mid-, and Small-Cap lists and key metrics to 

construct the factors for the asset-pricing models. Due to restrictions in the database 

used, all metrics were collected annually and consists of: Market-value of equity, 

number of outstanding shares, book-value of equity, total assets, net income excl. 

extraordinary items and preferred dividends, EBIT, interest expense and firm beta based 

on 60 monthly observations. As market return in the models, the OMXSPI All Shares 

Index was used. OMXSPI is a value-weighted index covering all the included shares in 

the sample. In the studies of Fama and French as well as HXZ (Fama & French, 2015; 

Hou, et al., 2015), they also used a value-weighted index as a proxy for market return.  

Data for companies’ listings, delistings and name changes were collected from the 

Nasdaq OMX Nordic webpage, and the lists “Share trading per company” for each year 

(Nasdaq omx - Statistics, 2003-2015) and “corporate actions” for each year (Nasdaq 

omx - corporate actions, 2003-2015). In case of lack of information, when needed, 

companies’ names and listing period were collected from the Swedish tax office 

(Skatteverket , 2003-2015). The stocks included in the study were only used in the 

sample during the period they were noted on the abovementioned lists and only one 
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stock per firm and time-period were used. If the firm had more than one stock noted on 

the list, the stock with the highest trading volume was used.  

3.1.3 Treatment of Data Loss 

Since secondary stock market data through the Thomson Reuters DataStream database 

was used, it was unavoidable to completely escape from data loss. In the investigated 

time period we identified 448 listed firms on the investigated lists. Firms completely 

missing data, firms listed after the last portfolio formation, and firms’ which never have 

been listed during a portfolio formation were excluded from the sample. This resulted in 

an exclusion of a minority of firms and a final full period sample consisting of 448 

firms. Further treatment of data loss is explained in chapter 3.3. All firms included in 

the study, their listing period are presented in Appendix A.  

3.2 Construction of Independent Variables  

In this chapter, we will explain how data was processed and how the independent 

variables were constructed. In order to tests the models by conducting regressions, we 

constructed independent variables of the models’ included factors that later were tested 

against the dependent variables, further explained in chapter 3.4. The construction of 

each specific factor was done to denote factor premiums to each explanatory factor, 

which was needed to obtain the adequate input data for testing the pricing models on 

Swedish data. The construction of the independent variables is described under the topic 

for their respective factor model in the chapters 3.3.1-3.3.3. The construction was done 

by first creating portfolios on which the factor premiums then were calculated. This 

followed the methodology of Fama and French as well as HXZ, in the original models. 

When each factor had a premium, derived from the sorted portfolios, we used 

regressions to test the models abilities to explain returns upon beta-sorted portfolios and 

derived portfolio betas.  

 

The stocks were ranked and sorted into portfolios for calculating returns of each factor 

in the respective pricing models. The factor portfolios were rebalanced each year on the 

first of July, this was done because Swedish accounting legislation requires accounting 

data to be available as latest four months after the end of the fiscal year. This assured 

that the most recent data was available when the portfolios were rebalanced, and was 



 26 

also in line with HXZ and Fama and French. Due to restrictions in data availability, we 

only used annual data for portfolio-sorts of each factor. This meant that the monthly 

update frequency of the ROE factor not was the same as in the original model. 

Implications of this are important to keep in mind while comparing the results of the 

models. This is expected to reduce previous observed advantages of the QFM, which 

otherwise put a lot of faith in the quality of its profitability factor. However, since all 

the data was collected and updated at the same time, the models competed on equal 

terms. When each portfolio for the factor was created in July, the data used was 

collected from December, t-1, and the portfolios were hold until end of June t+1, similar 

as in the original models, except from ROE factor of the QFM.   

 

When stocks within the independent variables were sorted, they were sorted 

independently upon each factor, one at a time, meaning that if a stock was missing data 

for one factor, it could still be used in the sorting of another factor if data was available. 

This way, we used the maximum number of available observations for the calculation of 

each factor and reduced the problem of undiversified portfolios. However, since all 

divided portfolios also were divided on size, as explained below, if a firm lacked 

information of market equity, it could not be included in the sample because it could not 

be decided in what portfolio the firm belonged. If a firm lacked data for another 

measure, it was excluded from that specific factor-construction only. Extended loss of 

data for a specific measure could have been problematic if it resulted in one factor 

having a significantly small amount of stocks in their portfolios than others. Because of 

this, the number of constituents of each portfolio was controlled.  More specified 

treatments of data loss when sorting on individual factor are described in each section 

for the models.  

 

The monthly returns were logarithmic transformed due to ease of additively in our data 

processing. Statman suggests that a portfolio should consist of at least 30 stocks to be 

considered as well-diversified (Statman, 1987). Due to the amount of constituents in 

each sorted portfolio, which in theory should be well diversified, our sample varied 

between 40-50 firms, the portfolio returns were equally weighted rather than value 

weighted to avoid certain individual stocks to have a significant impact on the portfolio 

returns. This differed from the method used by Fama and French and HXZ, which used 
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value-weighted returns in their portfolios. All though if U.S market data is used, a larger 

number of firms are available than on the Swedish market. Thus, was as necessary 

adjustments for not having portfolio returns strongly influenced by single stocks. 

Therefore, this was considered to improve the quality of the data used, but also to 

highlight the complications in applying the models in their original form on smaller 

markets. Before continuing on the factor construction of each model, we present the 

premises of the up and down market threshold.  

3.2.1 Threshold for Up and Down Market States 

To construct conditional versions of the multifactor models, the Market Excess Return-

factor was set dynamic with a dummy variable in the regression models of each factor 

model. To implement this, a threshold needed to be defined for up and down markets. 

The threshold was of importance since it allowed us to separate periods, in which earlier 

studies suggested that the risk relationship changes. By addressing this, we hope to 

decrease measurement problems connected with the static market factor. Different 

methods are used to estimate the threshold. In the study of Bhardwaj & Brooks (1993) 

they used the median excess return of the stocks included, and compared it with the 

market return instead of the 1-month T-bill excess return.  

 

As another example, Tumala & Yaya (2015) used a Logistic Smooth Threshold Model 

(LSTM) to set their threshold level, assuming the shift between bull and bear markets 

was transitional and not discrete as in a dummy-constructed model. In the study of 

Woodward & Anderson (2009) they claimed that the transition between up- and down-

markets most often happens abruptly, which supports a binary threshold as used by 

PSM. In this study, the market conditions were defined on monthly basis by comparing 

the market excess return to the risk-free rate of return for each month. If the market 

excess return was above the risk-free rate of return, we defined the market as an up-

market and if the market excess return is negative, as a down-market. This followed the 

method used by PSM (Pettengill, et al., 1995). 

Beta premises for Market Excess Return 

Downward market state Upward market state 

If: Rm < Rf  Then: Dummy = 0 If: Rm > Rf  Then: Dummy = 1 
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Table 1. Threshold rules for the conditional market factor to separate between UP and DOWN market states. If the 

market return is smaller than the risk-free rate of return in a month, the month is considered as a DOWN market 

state period and if the market return is larger than the risk-free rate, the month is considered as a UP market state 

period.    

 
These were the conditions, which activated the dummy-variable described in the 

models. Thus, up- and down periods were sorted so that the beta-regression for the up 

market beta and the down market beta could be separately calculated and only based on 

month’s meeting this requirement. In the whole time period there were 144 months and 

different market conditions, which we used for regressions of up- and down-market 

betas. In the isolated period there were in total 72 months, consisting of 38 upward 

months and 34 downward months. This method was chosen due to its simplicity of use 

and mainly filled an illustrative purpose of showing how the dynamics of the 

conditional beta-value affected the investigated models abilities in prediction of prices. 

Realizing a shortage of observations could have been a problem for the beta 

estimations, and in the same time, for not disputing the purpose of the isolated period 

characteristics in making it longer, a weakness in this method was identified when tests 

on shorter periods were done.  

 

Normally, a traditional beta calculation consists of a minimum of 48 observations. 

However, to reach the minimum of 48 observations for the up and down beta, starting 

from 2006, the period would have to stretch until 2015, and would no longer have filled 

the purpose for which the period was investigated. In this study, in the isolated period 

we stepped aside from this practice, keeping in mind what implications it might would 

bring. In the study of Levy (1971, pp. 55-62), he showed that the improvements of a 

beta estimation with 13-26 observations was significantly larger than the improvements 

of extending the observations to 26-52 observations, further saying the later extension 

of observations would have minimum impact on the beta-value.  

 

This study used the 1-month Swedish T-bill as a risk free rate. The one-month T-bill 

bears a low risk of illiquidity, and is seen as an accepted measure of risk-free rate in 

academic research. Using a one-month T-bill was also in line with the study of PSM 

(1995). To compare the monthly returns of the market with the risk free rate, the T-bill 

was converted from annual basis to monthly basis as following from (3.1) below.  
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𝑅4 = (1 + 𝑅4R)(n/n#) − 1  (3.1.) 

 

Where, 𝑅4 is the risk free rate in monthly basis and 𝑅4R is the risk free rate on annual 

basis.  

3.2.2 Construction of the Fama and French Five-Factor Model 

Because of the purpose of the study, the construction of the factors followed as 

presented by Fama & French (2014). The FF5M consists of the factors: MKT, SMB, 

HML, RMW and CMA. In the beginning of July of every year the portfolios for the 

factors were created based on the sorting described below. Firms with negative book 

value were excluded due to producing non-comparable ratios. Firms lacking 

information of price, outstanding shares, total assets, EBIT or book value of equity were 

excluded due to implications in calculation.  

 

The value factor, “HML” (high minus low), intends to adjust prices concerning the 

firms’ relative valuation of their book value of equity. Fama and French measured this 

factor as book value of equity divided by market value of equity. This factor is said to 

be redundant by HXZ, and is excluded from the QFM, but still kept in the FF5M on 

theoretical grounds. Firms were sorted based on their BE/ME value, calculated as in 

(3.2) below.  

 

𝐵𝐸/𝑀𝐸 = 	 boop	qrstu	o4	uvt%wxyz{	|}~
Jr�puw	qrstu	o4	uvt%wxyz{	|}~

  (3.2) 

 

 

The sample is divided into 3 portfolios: Low 30 %, Medium 40 % and High 30 %. 

 

Sorting the value factor, HML 

Low Medium High 

30 % 40 % 30 % 

Table 2. Portfolio construction for the calculation of the High Minus Low Valuation factor within the Fama and 

French five-factor model.  
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The investment factor “CMA” (Conservative minus Aggressive), intends to adjust price 

premiums for investment effects. The firms were sorted on their annual change in total 

assets, calculated by dividing the current year change in total assets by the current 

year’s total assets. 

 

𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑡𝑜𝑡𝑎𝑙	𝑎𝑠𝑠𝑒𝑡𝑠 = 	 Lowrs	r��uw�	yz{	|}~�Lowrs	r��uw�yz{	|}�
Lowrs	r��uw�yz{	|}~	

  (3.3) 

 

The sample was divided into three portfolios: Conservative: Bottom 30 %, Medium: 

Middle 40 % and Aggressive: Top 30 %.  

Sorting the investment factor, CMA 

Conservative Medium Aggressive 

30 % 40 % 30 % 

Table 3. Portfolio construction for the calculation of the Conservative Minus Aggressive Investment factor within the 

Fama and French five-factor model. 

The profitability factor denoted “RMW“ (Robust minus Weak), intends to adjust for 

price premiums connected with past operating profit. We calculated “RMW” factor 

loading as EBIT minus interest expense on debt divided by book value of equity 

following (3.4).  

 

𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑙𝑜𝑎𝑑𝑖𝑛𝑔 = Pb�Lyz{�%�wu�u�w	u��u��uyz{	w�n
boop	qrstu	o4	uvt%wxyz{	w�n

  (3.4) 

 

The sample is divided into 3 portfolios: Low 30 %, Medium 40 % and High 30 %.  

Sorting the profitability factor, RMW 

Low Medium High 

30 % 40 % 30 % 

Table 4. Portfolio construction for the calculation of the Robust Minus Weak Profitability factor within the Fama and 

French five-factor model. 

The size factor, “SMB” (small minus big) intends to adjust for excess return connected 

to firm size. We sorted all firms included in the sample on their size of market value of 

equity, which was calculated from the number of outstanding shares multiplied with the 

stock price. The sample was divided into two groups: Small and Big, where the median 

was the limit between the two stock-size groups.  
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Sorting the size factor, SMB 

Small Big 

50 % 50 % 

Table 5. Portfolio construction for the calculation of the Small Minus Big factor within the Fama and French five-

factor model.  

Finally, the model also consists of the market factor, which is the market return (in this 

case the OMXSPI), minus the risk free rate (the one-month Swedish T-bill). Based on 

all sorted portfolios, the factor was calculated. Through this sorting, three portfolios for 

each one of the factors: HML, CMA and RMW, were created, which respectively were 

divided into small and big, hence giving 18 portfolios.  

 

The size factor was calculated in two steps, it was first calculated for each of the other 

factors. This was made by subtracting the average of the big portfolios with the average 

of the small portfolios. According to the following calculations in (3.5) -(3.7):  

 
𝑆𝑀𝐵dJe =

(T�����,����T�����,�z�����T�����,����)	
�

− 	 (T���,����T���,�z�����T���,����)
�

  (3.5) 

 
𝑆𝑀𝐵jJR =

(T�����,{���.�T�����,�z�����T�����,���.)	
�

− 	 (T���,{���.�T���,�z�����T���,���.)
�

  

(3.6) 

 
𝑆𝑀𝐵TJh = (T�����,�z���T�����,�z�����T�����,�� ��|)	

�
− 	

(T���,¡z���T���,�z�����T���,�� ��|)

�
  (3.7) 

 
The second step in calculating the final SMB as in (3.8) factor was made by calculating 

the average of the calculated size factors over the all individual size portfolios: 

 
𝑆𝑀𝐵 = 	 aJb¢£��aJb¤£��aJb�£¡

�
  (3.8) 

 
The HML and the RMW factor were, respectively, calculated by subtracting the 30% 

lowest sorting by the 30 % highest for each of the remaining factors as in (3.9) and 

(3.10). Contrariwise, the CMA factor was calculated as in (3.11) by subtracting the 

highest 30 % from the lowest 30%, since high investments leaves less earnings for the 

actual year.   
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𝐻𝑀𝐿 = (T�����,�����	T���,����)
#

− (T�����,���	�T���,���	)
#

  (3.9) 

 
 
𝑅𝑀𝑊 = 	 (T�����,�� ��|�T���,�� ��|)	

#
− (T�����,¡z���	T���,�z��)

#
  (3.10) 

 
 

𝐶𝑀𝐴 = 	 (T�����,{���.�T���,¤���.)
#

− (T�����,���.�T���,���.)
#

  (3.11) 

 
With all the factors in the FF5M constructed, the regression model used for testing the 
model on the dependent variables summed up to (3.12). 
 
(𝑅�w − 𝑅4w) = 𝛼 + 𝛽[JKL]|𝑅[JKL]| + 	𝛽[aJb]|𝑅[aJb]| 	+ 	𝛽[dJe]|𝑅[dJe]| +

𝛽[TJh]|𝑅[TJh]| + 	𝛽[jJR]|R[jJR]| + 𝜀  

(3.12) 

 

where,            
𝛼 = 𝐴𝑙𝑝ℎ𝑎	𝑉𝑎𝑙𝑢𝑒	𝑓𝑟𝑜𝑚	𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛.  

𝑅�w − 𝑅4w = 𝐸𝑥𝑐𝑒𝑠𝑠	𝑟𝑒𝑡𝑢𝑟𝑛	𝑓𝑜𝑟	𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅[JKL]| = 𝑀𝑎𝑟𝑘𝑒𝑡	𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝐸𝑥𝑐𝑒𝑠𝑠	𝑅𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡.	 

𝑅[aJb]| = 	𝑆𝑖𝑧𝑒	𝑓𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅[dJe]| = 𝑉𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛	𝑓𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅[TJh]| = 𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑓𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑡𝑟𝑢𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅[jJR]| = 	𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	𝑓𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑡𝑢𝑟𝑛		𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝛽[JKL], 𝛽[aJb], 𝛽[dJe], 𝛽[TJh], 𝛽[jJR] 	= 𝐵𝑒𝑡𝑎	𝑣𝑎𝑙𝑢𝑒𝑠	𝑓𝑜𝑟	𝑒𝑎𝑐ℎ	𝑓𝑎𝑐𝑡𝑜𝑟	𝑙𝑜𝑎𝑑𝑖𝑛𝑔	

𝜀 = 𝐸𝑟𝑟𝑜𝑟	𝑡𝑒𝑟𝑚	𝑓𝑟𝑜𝑚	𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 

 

According to the above stated premises the conditional regression model was given:   

 

𝑅ª| − 𝑅4| = 𝛼 + 𝛽t� JKL 𝑅 JKL |𝐷 + 𝛽¬o� JKL 𝑅 JKL | 1 − 𝐷 +	𝛽[aJb]|𝑅[aJb]| 	+

	𝛽[dJe]|𝑅 dJe | + 𝛽[TJh]|𝑅 TJh | + 	𝛽[jJR]|R jJR | + 𝜀			  

(3.13) 

 

where, 

𝐷 = 𝐷𝑖𝑠𝑐𝑟𝑒𝑡𝑒	𝐷𝑢𝑚𝑚𝑦	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒	
	= 1	𝑓𝑜𝑟	𝑈𝑃	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜	

= 0	𝑓𝑜𝑟	𝐷𝑂𝑊𝑁	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜	 . 

𝑈𝑃	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜:	𝑤ℎ𝑒𝑛:	𝑅&| > 𝑅4|	

𝐷𝑂𝑊𝑁	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜:	𝑤ℎ𝑒𝑛:	𝑅&| < 	𝑅4| 

𝛽µª = 𝑈𝑝	𝑚𝑎𝑟𝑘𝑒𝑡	𝑏𝑒𝑡𝑎	

𝛽¶Uh· = 𝐷𝑜𝑤𝑛	𝑚𝑎𝑟𝑘𝑒𝑡	𝑏𝑒𝑡𝑎 
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3.2.3 Construction of the Q-Factor Model 
Because of the purpose of the study, the construction of the explanatory factors of the 

Q-Factor Model followed as presented by Hou, et al. (2014). The QFM consists of the 

factors: ME, I/A, ROE and the market excess return. The portfolios for the factors were 

created at the same time as the FF5M to serve our comparative purpose. In the original 

study the ROE factor was updated quarterly, something that was not applicable in the 

same way on the Swedish market due to different requirements of reporting and thus 

lack of data in the database. The same criteria’s for excluding firms due to lack of data 

were applied as for the FF5M. The construction of the factors was based on portfolios 

divided and sorted as described below.  

 

The profitability factor is by HXZ measured with ROE (Return of equity), rather than 

EBIT as in the FF5M. HXZ argue that ROE has a higher explanatory power of future 

returns and also able to explain financial distress and momentum. We calculated ROE 

as net income excluding extraordinary items and preferred dividends divided by book 

value of equity (3.14). Extra-ordinary items were excluded for not calculating biased 

ROE based on one-time income-sources.    

 

𝑅𝑂𝐸 = 	¸uw	%�¹o&u	u�¹s.u�w�r	%wu&�	yz{	w�n
boop	qrstu	o4	uvt%wxyz{	w�#

  (3.14) 

 

The sample was divided into 3 groups: Low 30 %, Neutral 40 % and High 30 %.  

Profitability Factor -  QFM: ROE 

Low Neutral High 

30 % 40 % 30 % 

Table 6. Portfolio construction for the calculation of the ROE Profitability factor within the HXZ Q-factor model.  

The investment factor was denoted “I/A” (Investments-to-Assets) and was created by 

calculating the change in total assets for the current year divided by one-year lagged 

total assets (3.15).  

 
�
R
= 	 Lowrs	r��uw�	yz{	|}~�Lowrs	r��uw�yz{	|}�

Lowrs	r��uw�yz{	|}�	
  (3.15) 
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The sample was sorted into: Low: Bottom 30 %, Neutral: Middle 40 % and High: Top 

30 %.  

Investment factor - QFM: I/A 

Low Neutral High 

30 % 40 % 30 % 

Table 7. Portfolio construction for the calculation of the I/A Investment factor within the HXZ Q-factor model. 

 

The size factor “ME” (Market equity), was sorted and calculated the same way as the 

SMB factor in the FF5M. The number of outstanding shares and stock price were 

collected from December t-1.   

Size factor - QFM: ME 

Small Big 

50 % 50 % 

Table 8. Portfolio construction for the calculation of the ME Size factor within the HXZ Q-factor model. 

 

The model also consists of the market factor, which is the same as for the FF5M. 

Through this sorting, first three portfolios for each one of the factors, “I/A” and “ROE”, 

were created, which respectively were divided into small and big, hence giving 12 

portfolios. Based on all sorted portfolios, the factor values were calculated, similarly as 

in the FF5M, the Size factor over the other factors was calculated first as a first step 

following (3.16) -(3.17).    

 

𝑀𝐸�/R =
(T�����,����T�����,ºz�|»���T�����,¢���)

�
− (T���,���	�T���,ºz�|»���T���,¢���)

�
  (3.16) 

 

𝑀𝐸TUP =
(T�����,����T�����,ºz�|»���T�����,¢���)

�
− (T���,���	�T���,ºz�|»���T���,¢���)

�
  (3.17) 

 

Then as a second step in constructing the ME factor, we calculated the average for the 

size factor over the all the portfolios as in (3.18): 

 

𝑀𝐸 = 	 (JP¼/��JP�½¾)
#

  (3.18) 
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The ROE factor was calculated by subtracting the 30% lowest sorting by the 30 % 

highest for each of the remaining factors (3.19). Contrariwise, the “I/A” factor was 

calculated by subtracting the highest 30 % from the lowest 30% (3.20).  

 
�
R
= (T�����,����T���,���	)

#
− (T�����,¢����T���,¢���)

#
  (3.19) 

 
𝑅𝑂𝐸 = 	 (T�����,�����T���,����)

#
− (T�����,����T���,���)

#
  (3.20) 

 
With all the factors in the QFM constructed, the regression model used for the testing 

the model on the dependent variables summed up to (3.21): 

 
	(R¿À − RlÀ) = 𝛼 + 𝛽[JKL]|𝑅[JKL}| + 𝛽 JP w𝑅[JP]| 	+ 	𝛽[�/R]w𝑅[�/R]| 	+

	𝛽 TUP w𝑅[TUP]| + 𝜀  

(3.21) 

where,	 	

𝛼 = 𝐴𝑙𝑝ℎ𝑎	𝑉𝑎𝑙𝑢𝑒	𝑜𝑓	𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛.	 	

(R¿À − RlÀ) = 𝐸𝑥𝑐𝑒𝑠𝑠	𝑅𝑒𝑡𝑢𝑟𝑛	𝑓𝑜𝑟	𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜. 

𝑅 JKL | = 	𝑀𝑎𝑟𝑘𝑒𝑡	𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝐸𝑥𝑐𝑒𝑠𝑠	𝑅𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡 

𝑅[JP]| = 	𝑆𝑖𝑧𝑒	𝑓𝑎𝑐𝑡𝑜𝑟	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝑟𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅 �
R |

= 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡	𝑓𝑎𝑐𝑡𝑜𝑟	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝑟𝑒𝑡𝑢𝑟𝑛	𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝑅 TUP | = 𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑓𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑡𝑢𝑟𝑛, 𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡. 

𝛽[JKL], 𝛽[JP]|, 𝛽[�/R], 𝛽[TUP]| = 𝐵𝑒𝑡𝑎	𝑣𝑎𝑙𝑢𝑒𝑠	𝑓𝑜𝑟	𝑒𝑎𝑐ℎ	𝑓𝑎𝑐𝑡𝑜𝑟	𝑙𝑜𝑎𝑑𝑖𝑛𝑔, 𝑎𝑡	𝑡𝑖𝑚𝑒	𝑡.	

𝜀 = 𝐸𝑟𝑟𝑜𝑟	𝑡𝑒𝑟𝑚	𝑓𝑟𝑜𝑚	𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 

 
According to the above stated premises the conditional threshold, the conditional 

regression model is given in (3.21) below.   

 
RÆÀ − RlÀ = 𝛼 + 𝛽𝑢𝑝 JKL |𝑅 JKL |𝐷 + 𝛽𝑑𝑜𝑤𝑛 JKL |𝑅 JKL | 1 − 𝐷 +
𝛽 JP w𝑅 JP | + 	𝛽 ¼

� w𝑅 ¼
� |
+ 𝛽 TUP w𝑅[TUP]| + 𝜀  

(3.21) 

 
where, 
𝛽µª = 𝑈𝑝	𝑚𝑎𝑟𝑘𝑒𝑡	𝑏𝑒𝑡𝑎. 

𝛽¶Uh· = 𝐷𝑜𝑤𝑛	𝑚𝑎𝑟𝑘𝑒𝑡	𝑏𝑒𝑡𝑎.	

𝐷 = 𝐷𝑖𝑠𝑐𝑟𝑒𝑡𝑒	𝐷𝑢𝑚𝑚𝑦	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒	
	= 1	𝑓𝑜𝑟	𝑈𝑃	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜

= 0	𝑓𝑜𝑟	𝐷𝑂𝑊𝑁	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 		 

𝑈𝑃	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜:	𝑤ℎ𝑒𝑛:	𝑅&| > 𝑅4|	
𝐷𝑂𝑊𝑁	𝑚𝑎𝑟𝑘𝑒𝑡	𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜:	𝑤ℎ𝑒𝑛:	𝑅&| < 	𝑅4| 
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3.3 Construction of Dependent Variables 

In order to run regressions of the models presented above, we also constructed 

dependent variables by sorting firms on their static beta value to obtain portfolios with 

different static beta-risk levels. By sorting upon this criteria, we were able to examine if 

up- and down-market betas differed more for portfolios containing low or high security-

beta assets. Sorting on beta was particularly interesting since we could investigate how 

the models performed on firms with different exposure to the static measure of risk, 

high- and low-beta stocks. This allowed us to investigate if there seemed to be 

differences in the models’ performance depending on the firms’ risk exposure, and what 

impact conditional versions of the models had. Also if differences appeared in the 

whole sample or within the isolated period.  

 

In the study of PSM (2002), the authors found a systematic relationship between beta 

and returns when beta was conditioned upon market states, but not when models were 

tested unconditionally. Also, they suggested that when the market beta was made 

conditional, the strongest improvement was observed when pricing low-beta stocks, 

rather than high-beta stocks. From this perspective, it was also interesting to observe if 

similar outcomes appeared with the QFM and the FF5M. The aim was to see if 

measurement problems could be reduced, and testing the models on different portfolios 

sorted on security-beta served as a test of how robust the models’ predictions were and 

eased the ability to make a relative comparison of the models. 

 

Firm beta values were collected from Thomson Reuters DataStream and these were 

based on at least 36 and mostly 60 monthly observations. These beta-values are 

calculated against the local index (i.e. country-based). Firms missing data were 

excluded from the sample and all firms were controlled against their listing periods to 

assure they only were included when they were listed on the investigated lists. The 

portfolios were created annually in the beginning of July, same as for the independent 

variables, based on their 60 months’ beta-value collected in December t-1. This was to 

keep consistency in when data was collected and portfolios were created. When the 

portfolios were created all firms were sorted on their beta values and divided into five 

portfolios by quintiles: Top 0-20% and 20-40%, middle 40-60%, and bottom 60-80% 

and 80-100%.  
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Dependent variable – firm beta 

β 1 β 2 β 3 β 4 β 5 

0-20% 20-40% 40-60% 60-80% 80-100% 

Table 9. The dependent portfolios are sorted into quintiles on security-betas available through the Thomson Reuters 

DataStream database as a proxy for the beta-risk of each stock.  β1 is the portfolio consisting of the 20% of stocks 

with lowest individual security-betas and β5 is the 20% of stocks with highest individual security-betas.    

Testing portfolios on a static measure of risk could seem problematic when the study in 

fact highlights problems with this measure. The sorting was however done to test the 

models on firms with different levels of exposure to the tradition measure of risk, while 

the study rather investigated the measurement problematics with a static beta in asset 

pricing models. In this sense, we believe the static beta measure was good enough for 

enabling us to observe differences large enough between the five divided portfolios.   

 

3.4 Statistical Methods and Tools  

The regressions were evaluated by comparing the Adjusted R-squared values, alpha-

values and the factors’ p-values for the explanatory factors. The adjusted R-square was 

used since we were evaluating multiple regressions, this measure adjusts for the 

inclusion of multiple independent variables. The R-square, was used to evaluate how 

well the models did in replicating the observed sample. In our case, how well do the 

models replicate the different beta portfolios? The alpha value is a measure of 

unexplained variances, and a value close to zero is desirable since this mean that the 

model does well in explaining the variance of the dependent portfolio. The p-values of 

the independent variables indicate to what degree the included factors are significant. 

Insignificant variables are problematic since this implies that the data is not consistent 

enough to draw any conclusions. Due to the characteristics of our data, cross-sections 

with different constituents every year, we used White Standard Error calculations as a 

precaution to avoid problems with biased p-value estimations due to heteroscedasticity. 

We also evaluated and controlled the Durbin-Watson statistics to indicate if there was 

any problem with autocorrelation, this statistic measure varies between 0 and 4 and 

should be close to 2 for not suspecting autocorrelation. Autocorrelation in an asset-

pricing model can be problematic since it indicates correlation between the independent 
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variables. When the tests were conducted, each model were tested against the dependent 

variable in the two periods, conditionally and unconditionally. This was done by the 

following steps:  

 

1.  A regression was run on the selected time-period to collect the factor loadings 

of all the factors except from the market factor. This was because those factor 

loadings remained static over the tested period, and also were used in the 

conditional models. The reason for keeping all other factor loadings from the 

unconditional regression was that the conditional models only were conditional 

by the market factor. The market factor was manipulated with dual-beta 

estimations for up and down market conditions from market state-sorted 

regressions in the tests of the conditional models. The static market beta 

estimates were kept from the initial factor regressions when the unconditional 

models were tested.      

2. The second step was to run the sorted regressions on all identified up-market 

states respectively down-market states. This allowed us to get one up-beta 

estimate and one down-beta estimate for the period.  

3. Third, to see the effects of implementing the conditional betas, we estimated 

returns for the period using the conditional market betas and the static factor 

loadings from the first regression for all other independent factors. If a monthly 

observation was identified as an UP (DOWN) market state, we calculated the 

return of that month with the UP (DOWN) market beta. We then tested the 

realized returns of the portfolios as dependent variable against the estimated 

returns for the unconditional and conditional calculation models. This was done 

by running a third set of regressions to see how these estimated returns did in 

explaining the realized returns. To compare these returns to the unconditional 

models we made similar regressions of the estimated returns for these models 

against the realized portfolio returns. For a model that performs well in 

explaining the realized returns of the portfolios, we expected the intercept term 

to be close to zero and the R-squared value to be high. To make a relative 

evaluation of the portfolios we compared these regression results for the 

dependent portfolios between the four model specifications. An example of 

these regressions is presented in Equation 3.22 below:  
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RÇ − Rl = 𝛼 + 𝐸 𝑅 ªjo�¬%w%o�rs	ÈÈÉJ + 𝜀  (3.22) 

where, 
RÇ − Rl = 𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑	𝐸𝑥𝑐𝑒𝑠𝑠	𝑅𝑒𝑡𝑢𝑟𝑛	𝑜𝑓	𝐷𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡	𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝑃 
α = 𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛	𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	𝑡𝑒𝑟𝑚	

𝐸 𝑅 ªjo�¬.ÈÈÉJ = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑	𝑅𝑒𝑡𝑢𝑟𝑛	𝑓𝑜𝑟	𝐷𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡	𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜	𝑃		𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑	𝑤𝑖𝑡ℎ	𝑡ℎ𝑒	𝐶𝑜𝑛𝑑. 𝐹𝐹5𝑀	

𝜀 = 𝐸𝑟𝑟𝑜𝑟	𝑇𝑒𝑟𝑚 
 

Further, by comparing the up and down betas for the dependent portfolios sorted on beta 

values, within different periods and models, we were also being able to see if some 

portfolios seemed to be more or less exposed to a changing risk-return relationship in up 

and down market states.      
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4. Empirical Results 

In this chapter we present and describe data and empirical results. Discussion and 
analysis will follow in chapter 5.  

4.1 Descriptive statistics   

4.1.1 Independent Variables  
In the sample period and from the investigated market lists (Large-, Mid- and Small 

Cap), we have included 448 firms. A complete list of all stocks within this sample, their 

listing periods during the period can be found in Appendix A. The number of firms 

included in the portfolio formation each year depends on the amount of listed firms for 

the current period and on the availability of market data from the Thomson Reuters 

DataStream database. According to the respective creators of the FF5M (Fama & 

French, 2015) and the QFM (Hou, et al., 2015), each portfolio should be well-

diversified to avoid firm-specific risks. The least number of firms in a sorted portfolio in 

our study is 38 firms. Detailed information about the number of firms in each portfolio 

can be found in Appendix B.  
Average number of firms in sorted portfolios 

CMA Big, Agg. Big, Med. Big, Cons. Small, Agg. Small, Med. Small, Cons. 

Average 41 56 41 41 55 41 

HML Big, High Big, Med Big, Low Small, High Small, Med Small, Low 

Average 41 56 41 41 56 41 

RMW Big, Robust Big, Med Big, Weak Small, Robust Small, Med Small, Weak 

Average 41 55 41 40 55 40 

ROE Big, High Big, Neutral Big, Low Small, High Small, Neutral Small, Low 

Average 41 56 41 41 55 41 

I/A Big, high Big, Neutral Big, Low Small, High Small, Neutral Small, Low 

Average 41 56 41 41 55 41 

Table 10. Average number of firms within the portfolios sorted on factor-characteristics used for the calculation of 

explanatory factors for the FF5M and the HXZ QFM.   

The averaged numbers of firms in each portfolio over the sample period 2003-2015 are 

presented in Table 10 above. The size factor is not presented individually since, as 

explained in the method (section 3.3) it is constructed on the Small and Big portfolios of 

the other factors. For all the portfolios used for the calculation procedure of explanatory 
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factor premiums, the average number of firms in each portfolio for the whole sample 

period varies between 40 and 56 firms.     

 

Table 11 and Table 12 serve to give an overview of the generated average returns and 

their standard deviation for each calculated factor in the pricing models. The average 

returns below are calculated for each factor both for the full period, and the isolated 

period. The isolated period with higher volatility and strong bear and bull markets 

serves as a proxy for stressed market conditions.  

 
Average returns and standard deviation - Independent factors FF5M 

FF5M MKT SMB HML CMA RMW 

Full period (12Y) 0.68% -0.07% 0.96% 1.62% 2.07% 

(0.0495)*** (0.0303)*** (0.0279)*** (0.0215) (0.0312)*** 

Isolated period (6Y) -0.14% -0.14% 0.57% 1.55% 2.38% 

(0.0604)* (0.0324)*** (0.0292)*** (0.0222) (0.0266) 

Table 11. Average monthly returns for the explanatory factors within the FF5M. The full 12-year sample period 

(between 1st July 2003 and 1st July 2015) consists of 144 monthly return observations and the isolated 6-year period 

(between 1st July 2006 and 1st July 2012) of 72 monthly return observations.  

For the FF5M in Table 11, RMW is the factor that contributes most to a positive return 

for both sample periods. The CMA factor also produces positive return in both the full 

period and the isolated period.  The size factor SMB does not show any positive 

premium in the sample. The returns for the full sample period are consistently higher for 

every explanatory factor compared to the isolated sample period except form the RMW 

factor that is higher within the isolated period (2.38% compared to 2.07%). The market 

factor turns from positive into negative returns when the full period is compared to the 

isolated period. There is an observable difference in standard error between the full 

period sample and the isolated for the market factor (0.0495 compared to 0.0604) which 

is very close to the volatility of the all share index as presented in the method, indicating 

that the index in this sense appear to be a good proxy for the sample. Meanwhile the 

standard errors for the other factors are less affected by the different time periods. 
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Average returns and standard deviation - factors in QFM 

QFM [MKT] [ME] [I/A] [ROE] 

Full period (12Y) 0.68% -0.07% 1.62% 2.35% 

(0.0495)*** (0.0307)*** (0.0215) (0.0306)*** 

Isolated period (6Y) -0.14% -0.06% 1.55% 2.43% 

(0.0604)* (0.0327)*** (0.0222) (0.0269) 

Table 12. Average monthly returns for the explanatory factors within the QFM. The full 12-year sample period 

(between 1st July 2003 and 1st July 2015) consists of 144 monthly return observations and the isolated 6-year period 

(between 1st July 2006 and 1st July 2012) of 72 monthly return observations.  

Similar observations can be done with the factors in the QFM, all though the ROE 

portfolios seems to produce a greater return than the RMW in FFM5. The profitability 

factors within both models have higher premiums in the isolated period.  

 

In Table 13 below, a factor correlation matrix for the FF5M is presented. High 

correlations among factors could point to an autocorrelation problem. As pointed out in 

the theory chapter, HXZ have questioned the inclusion of the HML factor in the FF5M 

and its convenience as a pricing factor. As seen in the table below, the correlation 

between HML and RMW is 52%, considered as moderately high correlation3. The SMB 

factor has negative correlations to all factors except CMA, this could be due to the low 

premium in the size factor indicating a low presence of the size anomaly on in the 

sample. Correlation matrices of both periods and models can be found in Appendix D. 

 

 

 
FF5M Factor Correlations (12Y) 

 CMA HML MKT RMW SMB 

CMA 1 -0.1429 0.0891 -0.3806 0.1020 

HML -0.1429 1 0.2148 0.5278 -0.4137 

MKT 0.0891 0.2148 1 0.0378 -0.3355 

RMW -0.3806 0.5278 0.0378 1 -0.5890 

SMB 0.1020 -0.4137 -0.3355 -0.5890 1 

Table 13. Factor correlations for the FF5M Explanatory Factors for the full sample period (12Y).  

                                                
3 Correlation values between 0.5 - 0.7 are statistically considered as moderately correlated and values 

above 0.7 as highly correlated raising questions about if autocorrelation is present. 
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4.1.2 Dependent Variables  
The dependent variables, on which we sort into 5 portfolios with different levels of 

average security betas are used for running regression on the independent variables. 

Their respective average beta and number of firms are presented in Table 14 below.  

  
Number of firms and average beta in sorted portfolios 

 b1 b2 b3 b4 b5 

Year Beta Firms Beta Firms Beta Firms Beta Firms Beta Firms 

2014-2015 0.55 52 0.97 52 1.2 51 1.44 52 2.08 51 

2013-2014 0.68 50 1 52 1.23 50 1.5 51 2.11 50 

2012-2013 0.62 50 0.95 51 1.18 48 1.42 53 1.98 50 

2011-2012 0.66 50 0.96 50 1.16 49 1.41 51 2.06 51 

2010-2011 0.29 51 0.98 49 1.21 54 1.48 49 2.01 52 

2009-2010 0.64 51 0.98 50 1.24 51 1.54 50 2.09 49 

2008-2009 0.43 53 0.99 50 1.25 55 1.52 53 2.13 52 

2007-2008 0.55 54 1.08 52 1.37 52 1.78 58 2.69 53 

2006-2008 0.65 53 1.05 53 1.39 51 1.91 54 2.83 53 

2005-2006 0.49 53 0.94 52 1.29 54 1.79 51 2.71 55 

2004-2005 0.3 52 0.88 56 1.24 55 1.71 54 2.79 54 

2003-2004 0.44 55 0.85 54 1.16 56 1.64 55 2.68 54 

Average 0.5 52 1.0 52 1.2 52 1.6 53 2.3 52 

Table 14. Number of firms and average security betas within the dependent variable portfolios sorted on individual 

security-betas for all years of the full sample period (2003-2015). 

 

As Table 14 show, the sorting gives portfolios with a clear difference in the respective 

portfolios’ average beta values which provide conditions to test the models on firms 

with different beta values. However, the difference between the portfolios are larger in 

the first and last portfolio. Further, the amount of firms in each portfolio minimize the 

impact of firm specific returns to have an impact in the sample. To give an overview of 

the generated return over the periods, Table 15 below is presented.  
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Average return and standard deviation for beta portfolios 

 b1 b2 b3 b4 b5 

Full period(12Y) 0.36% 0.37% 0.48% -0.12% -0.06% 

(0.0446) (0.0492) (0.0521) (0.0608) (0.0675) 

Isolated period(6Y) -0.65% -0.80% -0.76% -1.25% -1.12% 

(0.0530) (0.0601) (0.0605) (0.0707) (0.0767) 

Table 15. Average monthly returns for the dependent portfolios constructed from individual security betas for the full 

sample period (12Y) from 2003 to 2015 and the isolated sample period (6Y) from 2006 to 2012.   

As expected the high beta portfolio shows the highest standard deviations. Even though 

the purpose of the sorting is not to investigate the linear relationship between the static 

beta and return, CAPM argues a linear relationship between risk and return, higher beta 

gives higher expected returns. The results from the realized returns indicate that the 

higher risk taken the high beta portfolio does not seem to live up to their higher 

expected return. The standard errors are consistently higher within the isolated period 

than in the full sample period indicating the impact of the volatile period when the 

market conditions are more stressed.  

4.2 Testing the Unconditional Models on Beta-Portfolios  
To compare the models, we first run regression tests on the unconditional versions of 

the models. The results for the FF5M and the QFM are presented in Table 16 and 

Table 17 below, where β1-β5 indicate what dependent portfolio the models is tested on 

and the letters (F) or (I) indicate if the test is made on the full sample period or the 

isolated period. The table presents the regression coefficient of each factor, along with 

the standard error in brackets, and the significance of the coefficients on 10%, 5% and 

1% level expressed as *, ** and ***.  
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Unconditional FF5M 

Portfolio α β(MKT) β(SMB) β(HML) β (CMA) β(RMW) Adj. R-squared 

B1(F) -0.0003 0.7771*** 0.3416*** 0.1239 -0.3349*** -0.3719*** 74.01% 

(0.0032) (0.0525) (0.1014) (0.0929) (0.0964) (0.1015) 

B2(F) -0.0006 0.8999*** 0.2596** 0.0593 -0.2560** -0.3098*** 77.97% 

(0.0031) (0.0423) (0.1286) (0.0999) (0.1119) (0.1158) 

B3(F) 0.0022*** 0.9833*** 0.2956*** 0.0395 -0.2329*** -0.3857*** 84.56% 

(0.0025) (0.0331) (0.0796) (0.0740) (0.0874) (0.0924) 

B4(F) -0.0019 1.1430*** 0.2535** 0.0316 -0.2693** -0.5558*** 87.19% 

(0.0026) (0.0458) (0.1024) (0.0813) (0.1127) (0.1053) 

B5(F) -0.0008 1.2626*** 0.4560*** 0.0780 -0.2085* -0.5850*** 86.25% 

(0.0030) (0.0551) (0.1277) (0.1226) (0.1117) (0.1033) 

B1(I) -0.0013 0.8735*** 0.4755*** 0.0806 -0.4226*** -0.4351*** 81.73% 

(0.00381) (0.0583) (0.1021) (0.1075) (0.1191) (0.1295) 

B2(I) 0.0019 0.9749*** 0.3174** -0.0464 -0.3649*** -0.5674*** 83.59% 

(0.0039) (0.0414) (0.1311) (0.1043) (0.1366) (0.1536) 

B3(I) 0.0036 0.9979*** 0.3078*** 0.0779 -0.2438** -0.5722*** 88.33% 

(0.0041) (0.0408) (0.1027) (0.1037) (0.1161) (0.1348) 

B4(I) 0.0002 1.1609*** 0.2857* 0.0291 -0.233 -0.6055*** 88.01% 

(0.0045) (0.0583) (0.1475) (0.1055) (0.1749) (0.1719) 

B5(I) 0.001 1.2705*** 0.4358** 0.0339 -0.3677** -0.6603*** 86.49% 

(0.0050) (0.0722) (0.1680) (0.1633) (0.1581) (0.1566) 

Table 16. Intercepts, Explanatory Factor Coefficients, standard errors and Adjusted R-squared Values for the 

Unconditional FF5M for the full period and the isolated. Significance levels are marked with ***, ** and * for the 

1%, 5% and 10% level, respectively.  

The regression results of the FF5M factors against the realized returns of the beta-sorted 

dependent portfolios show low and insignificant intercept term values (α) consistently 

through both samples, except for the β3 portfolio within the full sample period. The β3 

(F) is an outlier with a 0.22 % alpha significant at the 1% level. For the other portfolios 

and in both sample periods the insignificant intercept terms varies between -0.13% and 

0.36%. The Adjusted R-squared values varies between 74.01 % (the β1 portfolio) and 

87.19 % (the β4 portfolio) in the full sample period, and between 81.73 % (β1) and 

88.33% (β3) for the isolated period. The Adjusted R-squared values are consistently 

higher in the shorter, isolated period when each portfolio is compared to itself between 

the two sample periods. The only two factor coefficients that are consistently significant 

for all portfolios and both sample periods in the unconditional FF5M are the market 

beta, β(MKT), and the profitability factor coefficient, β(RMW). β(SMB), the Size factor 

coefficient, shows significance at least at the 5% level through the full sample, and at 

least at 10% for the isolated sample. Results for the β(CMA) are mixed through both 
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periods but is significant at some level for all portfolios except for the β4(I). The 

valuation factor β(HML) has a coefficient completely insignificant at all levels and for 

all portfolios within both of the sample periods.  

 

The overall results from the FF5M regressions in Table 16 suggest that the 

unconditional version of the FF5M reach high adjusted explanatory values with low but 

insignificant alphas. This points in the direction that the model in fact does a good job 

in explaining the returns of the beta-sorted portfolios, where the market factor and the 

profitability factor are those factors with highest significance for the result.   

 
Unconditional QFM 

Portfolio α β(MKT)  β(ME) β(I/A) β(ROE) Adj. R-squared 

B1(F) -0.0043 0.8104*** 0.5093*** 0.1758* -0.0039 70.45% 

(0.0033) (0.0549) (0.0979) (0.1060) (0.0896) 

B2(F) -0.0034 0.9190*** 0.3923*** 0.1610 -0.0641 76.13% 

(0.0033) (0.0390) (0.1340) (0.1225) (0.1247) 

B3(F) -0.0014 1.0028*** 0.4602*** 0.1103 -0.0883 81.64% 

(0.0028) (0.0356) (0.0866) (0.1059) (0.0999) 

B4(F) -0.0056* 1.1568*** 0.4543*** 0.1669 -0.2472** 83.49% 

(0.0032) (0.0506) (0.1104) (0.1270) (0.1175) 

B5(F) -0.0029 1.2674*** 0.6098*** 0.1719 -0.3678*** 84.08% 

(0.0036) (0.0556) (0.1483) (0.1184) (0.1058) 

B1(I) -0.0055 0.8801*** 0.5874*** 0.3940*** -0.2259* 79.57% 

(0.0041) (0.0591) (0.1098) (0.1414) (0.1177) 

B2(I) -0.0034 0.9779*** 0.5014*** 0.3860** -0.3680** 80.80% 

(0.0044) (0.0448) (0.1596) (0.1606) (0.1499) 

B3(I) -0.0023 1.0113*** 0.4705*** 0.2114 -0.2797 85.22% 

(0.0046) (0.0464) (0.1120) (0.1451) (0.1704) 

B4(I) -0.0050 1.1655*** 0.4508*** 0.2475 -0.3884 85.91% 

(0.0051) (0.0574) (0.1424) (0.2054) (0.1805) 

B5(I) -0.0044 1.2715*** 0.6061*** 0.3862** -0.4381*** 84.35% 

(0.0055) (0.0715) (0.2147) (0.1797) (0.1573) 

Table 17. Intercepts, Explanatory Factor Coefficients, standard errors and Adjusted R-squared Values for the 

Unconditional QFM for the full period and the isolated. Significance levels are marked with ***, ** and * for the 

1%, 5% and 10% level, respectively.  

Results from the regressions of the QFM factors against the realized returns of the 

dependent portfolios also show low insignificant intercept terms (α) close to zero, 

however since they are insignificant it is hard draw conclusions from their values. The 
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only significant intercept is the β4 (F) portfolio, significant at the 10% level with an 

alpha value of -0.56 %. In comparing study of HXZ (Hou, et al., 2015) they find alpha 

values of FF5M between 0.13% and 0.47%.  The regression intercept terms of all 

portfolios in both sample periods varies between -0.56 % and -0.14 %. 

 

The adjusted R-Squared values in the QFM are higher in the high-beta portfolios, β3- to 

β5, and lower in the low beta portfolios. Overall the R-square values are also higher in 

the isolated period compared to the full period. This shows the same trend as in results 

for the FF5M shown in Table 16. The β (MKT) and the β (ME) coefficients are 

significant at the 1% level for all portfolios and periods, meanwhile the results for the 

β(I/A) and the β(ROE) coefficients are mixed, but insignificant in most cases for both 

periods. Remarkably, the QFM seems to underperform the FF5M in both the full and 

the isolated period both in terms of adjusted R-squared values and intercept values, 

where the FF5M consistently has higher adjusted R-squared and alphas closer to zero in 

the majority of the regressions.    

4.3 Regressions of UP and DOWN Betas  
In order to make the models conditional, we first obtain the up and down market state 

betas from separate regressions when the observations are sorted conditionally on if the 

market excess return turns out positive or negative for each monthly observation. From 

these regressions, the conditional betas in Table 18 are attained, a full presentation of 

each regression can be found in Appendix E. The table presents the estimated regression 

coefficient betas, along with the standard error expressed in brackets. The significance 

of the coefficients on the 10%, the 5% and the 1% levels are expressed as *, ** and ***, 

respectively. 
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		 Up and down market beta estimations 

  QFM FF5M 

Portfolio β (DOWN)  β(UP) β (DOWN)  β(UP) 

Β1(F) 0.9598*** 0.6816*** 0.9347*** 0.6412*** 

(0.1143) (0.1091) (0.1040) (0.1022) 

B2(F) 0.9924*** 0.6441*** 0.9881*** 0.6322*** 

(0.0595) (0.1320) (0.0595) (0.1210) 

B3(F) 1.0273*** 0.8517*** 1.0149*** 0.8366*** 

(0.0617) (0.1324) (0.0536) (0.1137) 

B4(F) 1.2543*** 1.0745*** 1.2306*** 1.0792*** 

(0.1001) (0.1314) (0.0953) (0.1072) 

B5(F) 1.1605*** 1.1490*** 1.1469*** 1.1954*** 

(0.1022) (0.1345) (0.1076) (0.1209) 

Β1(I) 0.9004*** 0.7486*** 0.9010*** 0.7658*** 

(0.1359) (0.1181) (0.1312) (0.0969) 

B2(I) 0.9515*** 0.7712*** 0.9621*** 0.7856*** 

(0.0776) (0.1714) (0.0797) (0.1342) 

B3(I) 0.9735*** 0.8756*** 0.9769*** 0.8657*** 

(0.0661) (0.1940) (0.0636) (0.1556) 

B4(I) 1.2135*** 1.0478*** 1.2100*** 1.061*** 

(0.1191) (0.1716) (0.1189) (0.1260) 

B5(I) 1.1344*** 1.0672*** 1.1474*** 1.0853*** 

(0.1260) (0.1584) (0.132851) (0.1328) 

Table 18. UP market betas are the market beta coefficients retained from the regressions of UP market state periods, 

and DOWN market betas are the market beta coefficients retained from the regressions of DOWN market periods.  

A difference can be observed in the models’ estimations of up and down betas, 

indicating a different risk return relationship in up and down market states. The down 

market betas appear to consistently higher than the up market betas. This supports the 

finding of Pettengill et. al. (1995; 2002). However, the differences do not tend to 

increase as expected during the isolated period compared to the full period.  

4.4 Testing the Conditional Models on Beta Portfolios  
To see what impact that follows when using the models to estimates expected returns 

with conditional betas compared to unconditional ones, we put calculated expected 

returns of conditional an unconditional model versus realized returns of the dependent 

portfolios into a regression as explained in the method (Section 3.5). 
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 Estimated Returns against Realized for the Conditional and Unconditional Models 

Portfolio QFM Unconditional QFM Conditional FF5M Unconditional FF5M Conditional 

α R-Squared α R-Squared α R-Squared α R-Squared 

B1(F) -0.0043** 71.07% 0.0010 72.09% -0.0003 74.74% 0.0052*** 75.85% 

(0.0021)  (0.0020)  (0.0019)  (0.0018)  

B2(F) -0.0034* 76.64% 0.0039** 77.03% -0.0006 78.59% 0.0071*** 78.99% 

(0.0019)  (0.0020)  (0.0018)  (0.0019)  

B3(F) -0.0014 82.03% 0.0023 82.18% 0.0022 84.99% 0.0061*** 85.15% 

(0.0018)  (0.0018)  (0.0017)  (0.0017)  

B4(F) -0.0056*** 83.84% -0.0023 84.02% -0.0019 87.55% 0.0009 87.68% 

(0.0020)  (0.0020)  (0.0018)  (0.0018)  

B5(F) -0.0029 84.41% -0.0021 84.28% -0.0008 86.64% -0.0012 86.62% 

(0.0022)  (0.0022)  (0.0021)  (0.0021)  

B1(I) -0.0055** 80.45% -0.0019 80.70% 0.0002 78.91% 0.0033 79.03% 

(0.0028)  (0.0027)  (0.0028)  (0.0028)  

B2(I) -0.0034 81.62% 0.0015 81.43% 0.0022 85.06% 0.0073 84.94% 

(0.0032)  (0.0033)  (0.0029)  (0.0031)  

B3(I) -0.0023 85.85% 0.0004 85.87% 0.0034 87.59% 0.0067 87.53% 

(0.0028)  (0.0029)  (0.0027)  (0.0028)  

B4(I) -0.0050 86.51% -0.0010 86.68% -0.0003 88.18% 0.0032 88.35% 

(0.0031)  (0.0032)  (0.0029)  (0.0029)  

B5(I) -0.0044 85.02% -0.0019 84.60% 0.0013 87.45% 0.0042 87.01% 

(0.0035)  (0.0036)  (0.0033)  (0.0034)  

Table 19. Regression results from where calculated returns for the unconditional and conditional models are tested 

against the realized returns of the security beta-sorted dependent portfolios over the full sample period stretching 

between 1st July 2003 and 1st July 2015.    

In the full period the results show the highest adjusted R-squared values for the 

conditional FF5M in all portfolios except for Β5 portfolio where the unconditional 

FF5M has the highest R-square value. The alpha values become significant in the 

conditional FF5M for the Β1-Β3 portfolio and varies between 0.53 % and 0.61 %. The 

QFM does not reach the same R-square values nor in conditional or unconditional 

versions. The unconditional and conditional FF5M shows higher adjusted R-squared 

values and lower intercept values than the corresponding versions of the QFM.  

 

Results for the isolated periods are more mixed when comparing R-squared values and 

intercept terms but still provide results showing the FF5M to have slightly higher R-

squared values and alpha values closer to zero. Remarkably, the unconditional FF5M is 

the model with overall highest adjusted R-squared values and intercepts closest to zero 

in the isolated period. Both conditional and unconditional models show higher R-
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squared values for the portfolios formed on assets with high security betas compared to 

low beta portfolios, in both periods. 

4.5 Exclusion of Redundant Factors: Conditional CAPM 
The significance for the independent variables differs across periods and portfolios with 

some factors more significant than others throughout the regression results. The only 

factor with strict consistent significance through the regression within the FF5M and the 

QFM is the market factor. To further investigate the fit of the models’ factors, one can 

stepwise exclude insignificant variables, and by comparing the results, clarify the 

contribution of the excluded variable. For the purpose of the study, we will not present a 

stepwise exclusion of every insignificant independent variable since we do not strive to 

evaluate the construction of the original models. But for purpose of highlighting the 

difference in explanatory power of the multifactor models and a single beta model, we 

present the results of a regression where all factor except the market factor are excluded.  

 
Portfolio Conditional CAPM 

α R-Square 

Β1(F) 0.0046** 61.34% 
(0.0023) 

B2(F) 0.0042* 71.17% 
(0.0022) 

B3(F) 0.0024 74.46% 
(0.0022) 

B4(F) -0.0061** 75.82% 
(0.0025) 

B5(F) -0.0103*** 71.61% 
(0.0032) 

 
Β1(I) 0.0012 67.12% 

(0.0034) 
B2(I) 0.0003 71.33% 

(0.0039) 
B3(I) -0.0021 78.50% 

(0.0034) 
B4(I) -0.0083** 80.36% 

(0.0037) 
B5(I) -0.0119*** 76.23% 

(0.0044) 
 

Table 20. Regression results from where calculated returns for the conditional CAPM against the realized returns of 

the dependent portfolio.    

As expected, the conditional single beta model consistently has lower R-squared values 

than found in the QFM and the FF5M, for all portfolios and in both sample periods. The 

R-square interval is notable wider than in the multifactor models, and the single beta 
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model seems much like the other models remarkably poor in the low beta portfolios.  A 

table of detailed results for this regression is presented in Appendix F. The results also 

indicate a higher number of significant intercept terms.  The trend of increasing R-

square value on the higher beta portfolios are similar as for the other models. Evidence 

from this test suggest that the multifactor models factors adds value that the beta cannot 

capture, even when conditional. The multifactor models are still better at pricing the 

realized returns of the beta-sorted portfolios than the dual-beta CAPM when comparing 

the results in Table 21 and Table 22 to Table 19 and Table 20. 
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5. Discussion and Analysis  
In this chapter we discuss the obtained results, compare them to other studies and put 

them in relation to the theoretical framework.  

5.1 The Factor Returns  
The premiums in the models aim to adjust the observed risk-return relationship obtained 

by the underlying portfolios. Large abnormal returns from a specific factor will thus 

impact the pricing model and the estimations of expected returns that follows, why it is 

relevant to look at the premiums obtained in the sample. 

 

The portfolios for which the average returns are derived from has an average number of 

constituent’s variating between 40-50 stocks. This is above 30, the minimum level of a 

well-diversified portfolio as suggested in the study on diversification by Statman 

(1987). Further, the portfolios returns are equally-weighted in order to avoid that large 

individual stocks to bias the portfolio returns. There are still observations of individual 

stocks which in some cases seem to have substantial impact on the portfolio returns of 

certain factors but through these precautions, we believe the impact of outliers and firm-

specific risk is reduced.4 To validate the data, we compare our finding to other studies.   

 

Turning to the average returns of the size factors of both models, SMB and ME, they do 

not show any large abnormal average returns in the investigated periods, in fact their 

premiums are the smallest of all included explanatory factors. Similar observations are 

done in earlier studies on the Swedish market which question the need for a size factor 

on the Swedish market since the market characteristics appears different from other 

markets (Asgharian & Hansson, 2000; Hammarfrid & Henningsson, 2015). Abnormal 

returns connected with firm-size appear to be more present on the American stock 

market as shown by HXZ and Fama & French (Hou, et al., 2015; Fama & French, 

2015). One explanation for this could be that the U.S stock-market are several times 

larger than the Swedish, with larger differences in firm sizes. The largest average 

                                                
4 Theoretically, equally-weighted portfolios compared to value-weighted portfolios mean that small firms 

will get a larger weight than they otherwise would have in a value-weighted portfolio. The impact of 

firm-specific risk of large firms is however reduced by an equally-weighted portfolio construction. 
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returns among the factors are found in the profitability factors ROE and RMW, similar 

as in the study of Hammarfrid & Henningsson (2015). Noteworthy is that both factors 

have higher premiums in the isolated and thus more stressed period. HXZ reason by 

empirical evidence from their comparative study (2014) that their ROE-factor is better 

in predicting expected returns by profitability than the “RMW” of Fama and French, 

and especially in financially distressed scenarios.  

 

Our empirical results point in the direction of HXZ and show that the ROE portfolios 

has the highest factor premiums in the whole sample period and also within the isolated 

period. Yet, this factor is not updated as frequent within our sample of Swedish data as 

in the original study. The difference is due to that American reporting regulation 

provide quarterly updates of the ROE factor. A notable higher premium denoted to the 

investments factors are observed in our sample compared to Hou, et al. (2014) and 

Hammarfrid & Henningsson (2015), this could be due to the different time period and 

markets investigated or changed behaviors in the market. The evidence gives an obvious 

indication that profitable firms seem to have earned a significant premium on the 

Swedish market within the sample period.   
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5.2 The Unconditional Models  
Results from the regressions of the unconditional multifactor models do not indicate 

decreased performance of the models adjusted R-square values within the isolated, more 

volatile period, rather the inverse.  

 

 
 B1(I) B2(I) B3(I) B4(I) B5(I) B1(F) B2(F) B3(F) B4(F) B5(F) 

FF5M 81.7% 83.6% 88.3% 88.0% 86.5% 74.0% 77.9% 84.6% 87.2% 86.3% 

QFM 79.6% 80.8% 85.2% 85.9% 84.4% 70.5% 76.1% 81.6% 83.5% 84.1% 

Figure 2. Adjusted R-squared values for the unconditional FF5M and the QFM. 

 

The data shows mainly two trends: the adjusted R-square value of each regression is 

increasing for the portfolios with higher beta values, and the R-square values are higher 

in the isolated period compared to the full period. The interval for the R-square values 

of the FF5M in the full period stretches between 74-86% and 82-87% for the isolated 

period. For the QFM the interval in the full period lies between 70-84% and 80-84% for 

the isolated, thus slightly lower in comparison to the FF5M.  

 

The results suggest that FF5M outperforms the QFM in adjusted R-square measures 

within both periods, which also supports the results of Hammarfrid and Henningsson 
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when they study unconditional specifications of the FF3M, FF5M and the QFM 

between 1998 and 2014 for dependent portfolios sorted on Momentum and Size/Book-

to-Market (2015). However, our results do not support the results from the comparative 

study by HXZ (2014) who suggest that the QFM is superior to the FF5M in financially 

distressed period. Reason for this can be suspected to derive from: the different market 

on which the models are tested and limitation obeyed when applying the models on the 

Swedish market. The limitation of the ROE’s update frequency, which is pointed out as 

the crucial factor for explaining excepted returns in comparison to the RMW factor, can 

be suspected to lose some of its efficiency when not using the latest available data, but 

rather only updated annually.  

 

In the FF5M, the HML factor is insignificant in all regression. That the HML factor 

becomes insignificant is not surprising since both HXZ and Fama and French has 

acknowledged the factor to be redundant. HXZ explain that the HML factor is in fact 

captured by the RMW and CMA factor. As the correlation matrix suggest, the 

correlation between RMW and HML is 52%, on the other hand we observe no clear 

correlation between HML and CMA.  

 

Even though the QFM provides comparable Adj. R-square values, the ROE and the 

investment factor in many cases become insignificant in the regressions. The correlation 

matrix shows that ROE and I/A has a moderately high correlation which could cause the 

factors to become insignificant due to autocorrelation. Another important aspect when 

comparing to other studies is that we in our study use white standard errors which could 

impact the significance level obtained by the regression. Further, we found no sign by 

the Durbin Watson statistics indication autocorrelation as a problem.  

 

In the study of HXZ (2012) they observe a correlation of 5 % between the factors, and 

in the study of Hammarfrid & Henningsson (2015) a negative correlation of – 16%. 

Even though results are scattered, the correlation of 50 % in our data might seem 

problematic in comparison to other studies. Empirically, this means that low 

investments are correlated with high ROE. Taking into account that a different data set 

is used than in Hammarfrid & Henningsson (2015), it is also possible that that the data 
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obtained from Reuters contains undetected errors or the method for data processing and 

excluding stocks has affected the results. 

 

The earlier studies have also highlighted differences in market characteristics between 

countries, why we also consider the possibility that the view upon firms’ reinvestment 

rate might differ across markets. This can be connected with the different views that 

growth and value investors have upon what creates value. Is it growing firms with high 

investments or stable firms with large dividend payments? Without digging further in 

this discussion, we are persuaded that more research with these asset-pricing models on 

modern data across different markets is necessary to clarify these market characteristics. 

 

Results from the single beta model shows a considerably wider spread in R-square 

values than in the multifactor models, in the full period stretching from 60-76% and 66 

– 80% in the isolated period. The lower values indicate that the multifactor models do 

better in explaining the data. With lower R-square’s the model also leaves higher alpha 

values, especially in the high beta portfolios. Similar trends as observed in the 

multifactor models with rising R-square on the higher beta portfolios are also observed 

in the single beta model. The differences intervals indicate limitation of measuring the 

risk-return relationship with the single beta model compared to the multifactor models.     

5.3 The Up and Down Market Betas    
The obtained beta estimates for the separate up and down markets states reveal serval 

interesting observations. First, there is a consistent observable difference in the up and 

down market betas, indicating that the risk-return relationship is in fact different in the 

two market states as suggested by PSM (1995; 2002). The difference of the respective 

average up and down betas in the full period, calculated as “down beta minus up beta”, 

for the QFM is 0.199 and 0.186 in the FF5M. The down market betas are consistently 

higher than the up market betas in all portfolios except from in one portfolio, the B5 (F) 

for the FF5M. When looking at the isolated period, the same patterns are present with 

the down betas larger than the up betas, however the difference is smaller than in the 

full period and also appear less clear. An important difference in the betas is the amount 

of observations for which estimations are based on, which could make the trend less 

evident in the isolated period. The average difference is 0.133 for the QFM and 0.127 



 58 

for the FF5M. From this, the isolated period with the clear market direction changes and 

higher volatility does not seem to create a larger difference in up and down market betas 

as expected.  

 
Average Conditional beta estimations across B1-B5 

 QFM FF5M 

 β (DOWN) β(UP) β (DOWN) β(UP) 

Full 1.07886 0.88018 1.06304 0.87692 

Isolated 1.03466 0.90208 1.03948 0.91268 

Figure 3. Graph showing absolute differences between UP and DOWN beta estimations of the QFM and the FF5M. 

Descriptive table of average betas across the dependent portfolios B1-B5.  

The difference in beta-values for the up and down market conditions is most obvious in 

the low beta portfolios, B1 and B2 for both periods and models. Vice versa, the smallest 

different between the up and down market states are found in the B5 portfolio, 

representing the firms with the highest beta-values. This results indicates that the high 

beta stocks seem to be less affected by a changing risk-return relationship in different 

market states and the difference is most obvious in the low beta stocks. For these 

portfolios we find it questionable if static betas reflect an appropriate measure of market 

risk compared to dual-betas.  

 

The differences noticed in the up and down market states could therefore contribute to 

measurement problems as argued by Pettengill et. al. (1995). This is an interesting 
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observation because it could be part of explaining why the R-square measure for the 

models are lowest in the low beta portfolio and increase with the high beta portfolios. 

The R-square values decrease for the portfolios with the highest different in up and 

down market betas, indicating a measurement problem that the models fail to adjust for. 

Following this reasoning, the impact of a conditional beta is expected to have greatest 

impact on the low beta portfolios, and inversely add little explanatory value in the high 

beta portfolios.  

5.4 The Conditional Models  
Turning to the results from the regressions of the realized returns vs estimated returns of 

the two models, the greatest improvement is as expected found where the difference in 

up and down betas a greatest, in low beta portfolios. In the full period a diminishing 

improvement of the adj. R-square value follows for the tests of the higher beta-

portfolios. In the isolated period the improvement of making the models conditional 

appears less evident. Improvements are still made in the low beta portfolio, all though 

marginal to the improvements made in the low beta portfolio in full period. In the B2, 

B3 and B5 portfolio the results are equivalent or worse than the unconditional models, 

in terms of adj. R-square value. 

 

 An important difference in the conditional models for the isolated period is the lower 

amount of observation for which the estimations are based on. However, since the 

market conditions are also different, in the perspective of the joint hypothesis problem it 

could it might as well be due to this. More comparable data would ease further 

investigation to determine if the results is due to the number of observations or lies 

within the market. Moreover, the problem with few observations highlights a problem 

in the chosen methodology. For further investigation, it would be interesting to use 

weekly returns when testing shorter periods.  
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Figure 4. Percentage points difference in adjusted R-squared values when the models are made conditional. 
Calculated as conditional R-square minus unconditional R-square.  

 

Figure 4 show the percentage point difference in R-square value made when the models 

are made conditional. Over the full period the conditional models do better in 

explaining the realized returns with most evident improvements in the low-beta 

portfolios. This indicate that while making the models conditional, the measurement 

problem with the static seems to be reduced for the portfolios where the difference 

between up and down betas differ most. In the high-beta portfolios the results are 

inversed and the unconditional models does better in Adj. R-square values. For the 

isolated period the results are more scattered, and point in different directions, thus no 

clear trend of improvements can be observed. The results from the where the 

unconditional models showed higher R-square, seems to leave little room for 

improvement.  
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6. Conclusion 
The purpose of the study has been to investigate the effects of implementing a 

conditional dual-beta in the FF5M and the QFM by examining the results when applied 

in an isolated period of six years characterized by a strong bull and bear period 

compared to a longer period of twelve years and with relatively lower volatility. The 

aim was to clarify if the models already seemed to adjust satisfactory for a changing risk 

return relationship or if they could be improved. For this purpose, we have constructed 

factors for the multifactor models the FF5M and the QFM for Swedish stock market 

data and run regressions on the original unconditional models provided by FF and HXZ, 

respectively. Further we have estimated conditional dual-betas for the models’ market 

factors to construct conditional models. We used the models to calculate returns for the 

conditional and unconditional models, and compared the outcome against realized 

returns on portfolios sorted on beta values.  

 

In our study, we support the presence of changing risk-return relationship in up and 

down market states by estimating separate market betas with the risk-free rate as 

threshold. However, we do not find the isolated and volatile period to give rise to a 

larger difference in the up and down market betas. We consistently find the models to 

have a decreasing explanatory power on the portfolios of firms with lower beta values. 

We also find the largest difference in the up and down market betas occurring in the low 

beta portfolios, suggesting that this is causing measurement problems in the models. 

While making the models conditional, the measurement problem with the static beta 

seems to be reduced for the portfolios where the difference between up and down betas 

differ most. In the applied context, we conclude the conditional dual beta adds 

explanatory power in the models when the market beta differs in up and down market 

states.  The insights of this thesis supports the method of making the market-beta 

conditional as suggested by PSM (1995) in new multifactor models. By doing this, 

reducing measurement problems connected with a static market beta. Reducing 

measurement errors in pricing models helps explain risk-return relationship and through 

the perspective of the joint hypothesis problem, are crucial for testing financial theory 

of market efficiency.    

 



 62 

6.1 Further Research  
Since the results from the isolated more volatile period in our research are scattered we 

suggest further investigations of how the models perform when weekly returns are used 

for shorter time-periods. This would give a higher amount of observations, giving more 

support to the data studied. We also propose further research aiming to explain and 

decompose why the low-beta stocks appear more impacted by a changing risk-return 

relationship in up and down markets as a research are to further test on different markets 

and time samples. As previous studies suggest, the risk-return relationship indeed seem 

to change to different market states.  This is combined with limited theoretical 

explanations why this occurs more frequently for low-beta portfolios compared to high-

beta portfolios. Therefore, we believe that additional tests why this observation is 

occurring would be contributive within research. Sorting dependent variables on beta 

and on other factors might reveal more empirical evidence leading to revised or new 

theoretical explanations. 
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Appendix A  
 
TABLE A-1: List containing all the 448 stocks on our sample and used for portfolio 
construction during the complete sample period between 1st of July 2003 and 1st of July 
2015. Firms already listed before the start of the full sample period have 2003-07-01 as 
Start date in the table below. Firms with name changes during the sample period are 
presented by the latest updated name. Firms still listed at the end of the full sample 
period have 2015-07-01 as End date.  
 

Number of firms Firm Name Start date End date 

1 AAK AB 2006-09-11 2015-07-01 

2 ABB Ltd 2003-07-01 2015-07-01 

3 AcadeMedia AB 2003-07-01 2010-10-10 

4 Acando AB 2003-07-01 2015-07-01 

5 ACAP Invest AB 2003-07-01 2014-11-26 

6 A-Com AB 2003-07-01 2013-01-31 

7 Active Biotech AB 2003-07-01 2015-07-01 

8 Addnode Group AB 2003-07-01 2015-07-01 

9 Addtech AB 2003-07-01 2015-07-01 

10 Aerocrine AB 2007-06-15 2015-07-01 

11 Affärsstrategerna AB 2003-07-01 2010-01-29 

12 Africa Oil Corp. 2014-07-01 2015-07-01 

13 Ainax AB 2004-12-01 2005-04-29 

14 Alfa Laval AB 2003-07-01 2015-07-01 

15 Alimak Group 2015-06-17 2015-07-01 

16 All Cards Service Center - ACSC AB 2003-07-01 2007-12-28 

17 Allenex AB 2006-12-12 2015-07-01 

18 Alliance Oil Company Ltd. 2007-05-23 2013-12-16 

19 AllTele Allmänna Svenska TelefonAB 2009-06-15 2015-07-01 

20 Altima AB 2003-12-16 2004-12-02 

21 Amasten holding 2008-03-04 2013-01-28 

22 Anoto Group AB 2003-07-01 2015-07-01 

23 Arcam AB 2012-06-18 2015-07-01 

24 Arctic Paper S.A 2012-12-20 2015-07-01 

25 Arise AB 2010-03-24 2015-07-01 

26 Artimplant AB 2003-07-01 2015-07-01 

27 Aspiro AB 2003-07-01 2015-04-02 

28 ASSA ABLOY  AB 2003-07-01 2015-07-01 

29 AstraZeneca PLC 2003-07-01 2015-07-01 

30 Atlas Copco AB 2003-07-01 2015-07-01 

31 Atrium Ljungberg AB 2003-07-01 2015-07-01 

32 AudioDev AB 2003-07-01 2009-06-17 
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33 Autoliv Inc. 2003-07-01 2015-07-01 

34 Availo AB 2003-07-01 2014-07-04 

35 Avanza Bank Holding AB 2003-07-01 2015-07-01 

36 Avega Group AB 2010-12-16 2015-07-01 

37 Axfood AB 2003-07-01 2015-07-01 

38 Axis AB 2003-07-01 2015-07-01 

39 B&B TOOLS AB 2003-07-01 2015-07-01 

40 Bactiguard Holding AB 2014-06-19 2015-07-01 

41 Ballingslöv International AB 2003-07-01 2008-12-12 

42 BE Group AB 2006-11-24 2015-07-01 

43 Beijer Alma AB 2003-07-01 2015-07-01 

44 Beijer Electronics AB 2003-07-01 2015-07-01 

45 Beijer Ref AB 2003-07-01 2015-07-01 

46 Bergs Timber AB 2003-07-01 2015-07-01 

47 Besqab AB 2014-06-12 2015-07-01 

48 Betsson AB 2003-07-01 2015-07-01 

49 Biacore International AB 2003-07-01 2006-09-06 

50 Bilia AB 2003-10-30 2015-07-01 

51 BillerudKorsnäs AB 2003-07-01 2015-07-01 

52 BioGaia AB 2003-07-01 2015-07-01 

53 BioInvent International AB 2003-07-01 2015-07-01 

54 Biolin Scientific AB 2003-07-01 2015-07-01 

55 BioPhausia AB 2003-07-01 2015-07-01 

56 Biora AB 2003-07-01 2003-07-04 

57 Biotage AB 2003-07-01 2015-07-01 

58 Björn Borg AB 2007-05-07 2015-07-01 

59 Black Earth Farming Ltd. 2009-06-22 2015-07-01 

60 BlackPearl Resources Inc. 2012-11-06 2015-07-01 

61 Boliden AB 2003-07-01 2015-07-01 

62 Bong Ljungdahl AB 2003-07-01 2015-07-01 

63 Borås Wäfveri AB 2003-07-01 2010-11-03 

64 Boss Media AB 2003-07-01 2008-04-18 

65 Bostads AB Drott  2004-05-06 2004-10-01 

66 Boule Diagnostics AB 2011-06-23 2015-07-01 

67 Brinova Fastigheter AB 2003-07-01 2012-09-21 

68 BRIO AB 2003-07-01 2009-06-26 

69 Broström AB 2003-07-01 2009-02-27 

70 BTS Group AB 2003-07-01 2015-07-01 

71 Bufab Holding AB 2014-02-21 2015-07-01 

72 Bulten AB 2011-02-20 2015-07-01 

73 Bure Equity  AB 2003-07-01 2015-07-01 

74 Byggmax Group AB 2010-06-02 2015-07-01 

75 Capinordic A/S 2003-07-01 2003-04-25 

76 Capio AB 2015-06-30 2015-07-01 

77 Capio Abx 2003-07-01 2006-11-17 
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78 Cardo AB 2003-07-01 2011-04-21 

79 Carl Lamm AB 2006-10-10 2008-08-15 

80 Carl Lamm Holding AB 2008-06-26 2009-06-30 

81 Cash Guard AB 2003-07-01 2008-08-21 

82 Castellum AB 2003-07-01 2015-07-01 

83 Catena AB 2006-04-26 2015-07-01 

84 Cavotec SA 2011-10-20 2015-07-01 

85 CellaVision AB 2010-05-31 2015-07-01 

86 Celtica, Fastighetsab. 2003-07-01 2003-07-25 

87 Cision AB 2003-07-01 2014-08-22 

88 Clas Ohlson AB 2003-07-01 2015-07-01 

89 Cloetta AB 2009-02-16 2015-07-01 

90 Coastal Contacts Inc 2009-11-09 2013-02-28 

91 Collector AB 2015-06-10 2015-07-01 

92 Com Hem Holding AB 2014-06-17 2015-07-01 

93 Concentric AB 2011-05-16 2015-07-01 

94 Concordia Maritime AB 2003-07-01 2015-07-01 

95 Connecta AB 2005-05-30 2014-08-22 

96 Consilium AB 2003-07-01 2015-07-01 

97 Coor Service Management Holding AB 2015-06-16 2015-07-01 

98 Corem Property Group AB 2009-06-24 2015-07-01 

99 C-RAD AB 2014-12-06 2015-07-01 

100 Creades AB 2013-12-06 2015-07-01 

101 CTT Systems AB 2003-07-01 2015-07-01 

102 Custos 2003-07-01 2004-09-03 

103 Custos, AB 2003-07-01 2006-12-29 

104 Cybercom Group AB 2003-07-01 2015-07-01 

105 D. Carnegie & Co AB 2015-05-12 2015-07-01 

106 D. Carnegie & Co Abx 2003-07-01 2008-12-23 

107 Dagon AB 2003-07-01 2012-06-08 

108 Dedicare AB 2011-05-04 2015-07-01 

109 DGC One AB 2008-06-16 2015-07-01 

110 Diffchamb AB 2003-07-01 2003-04-24 

111 Dimension AB 2003-07-01 2004-02-20 

112 Din Bostad Sverige AB 2003-07-01 2009-09-29 

113 Diös Fastigheter AB 2006-05-22 2015-07-01 

114 DORO AB 2003-07-01 2015-07-01 

115 Duni AB 2007-11-14 2015-07-01 

116 Duroc AB 2003-07-01 2015-07-01 

117 Dustin Group AB 2015-02-13 2015-07-01 

118 East Capital Explorer AB 2007-11-09 2015-07-01 

119 Elanders AB 2003-07-01 2015-07-01 

120 Electra Gruppen AB 2009-06-01 2015-07-01 

121 Electrolux,  AB 2003-07-01 2015-07-01 

122 Elekta AB 2003-07-01 2015-07-01 
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123 ElektronikGruppen BK AB 2003-07-01 2015-07-01 

124 Elos Medtech AB 2003-07-01 2015-07-01 

125 Eltel AB 2015-02-06 2015-07-01 

126 Empire, The AB 2003-07-01 2003-10-24 

127 Endomines AB 2012-11-07 2015-07-01 

128 Enea AB 2003-07-01 2015-07-01 

129 Eniro AB 2003-07-01 2015-07-01 

130 EnQuest PLC 2010-04-06 2015-07-01 

131 Entraction Holding  2003-07-01 2007-06-01 

132 Eolus Vind AB 2015-02-02 2015-07-01 

133 Episurf Medical AB 2014-06-11 2015-07-01 

134 Epsilon AB 2003-07-01 2003-04-17 

135 Ericsson, Telefonab. L M 2003-07-01 2015-07-01 

136 Etrion Corporation 2010-11-12 2015-07-01 

137 eWork Scandinavia AB 2010-02-18 2015-07-01 

138 Fabege 2003-07-01 2005-01-14 

139 Fabege AB 2005-05-23 2015-07-01 

140 Fagerhult, AB 2003-07-01 2015-07-01 

141 Fast Partner AB 2003-07-01 2015-07-01 

142 Fastighets AB Balder 2003-07-01 2015-07-01 

143 Fazer Konfektyr Service AB 2003-07-01 2009-01-23 

144 Feelgood Svenska AB 2003-07-01 2015-07-01 

145 Fenix Outdoor AB 2003-07-01 2014-07-04 

146 Fenix Outdoor International AG 2014-06-26 2015-07-01 

147 Fingerprint Cards AB 2003-07-01 2015-07-01 

148 Finnveden AB 2003-07-01 2005-02-18 

149 FormPipe Software AB 2010-01-19 2015-07-01 

150 Frango AB 2003-07-01 2004-10-22 

151 G5 Entertainment AB 2014-06-10 2015-07-01 

152 Gambro AB 2003-07-01 2006-07-16 

153 Gant Company AB 2006-03-28 2008-03-20 

154 Getinge AB 2003-07-01 2015-07-01 

155 Geveko, AB 2003-07-01 2015-07-01 

156 GHP Specialty Care AB 2008-10-03 2015-07-01 

157 Glocalnet AB 2003-07-01 2006-04-28 

158 Gorthon Lines AB 2003-07-01 2005-03-21 

159 Gotland, Rederiab. 2003-07-01 2004-03-19 

160 Graninge AB 2003-07-01 2004-02-20 

161 Gränges AB 2014-10-10 2015-07-01 

162 Gunnebo AB 2003-07-01 2015-07-01 

163 Gunnebo Industrier AB 2005-06-14 2008-10-01 

164 Haldex AB 2003-07-01 2015-07-01 

165 Havsfrun Investment AB 2003-07-01 2015-07-01 

166 Heba Fastighets AB 2003-07-01 2015-07-01 

167 Hemfosa Fastigheter AB 2014-03-21 2015-07-01 
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168 Hemtex AB 2005-10-06 2015-07-01 

169 Hennes & Mauritz AB, H & M 2003-07-01 2015-07-01 

170 Hexagon AB 2003-07-01 2015-07-01 

171 HEXPOL AB 2008-06-09 2015-07-01 

172 HiQ International AB 2003-07-01 2015-07-01 

173 HL Display AB 2003-07-01 2010-10-17 

174 HMS Networks AB 2007-10-19 2015-07-01 

175 Hoist Finance AB 2015-03-25 2015-07-01 

176 HOIST INTERNATIONAL AB 2003-07-01 2004-07-16 

177 Holmen AB 2003-07-01 2015-07-01 

178 Home Properties AB 2003-07-01 2009-05-08 

179 HQ AB 2003-07-01 2010-11-26 

180 HQ Fonder AB 2003-07-01 2005-10-25 

181 Hufvudstaden AB 2003-07-01 2015-07-01 

182 Human Care HC AB 2003-08-13 2008-08-01 

183 Husqvarna AB 2006-06-13 2015-07-01 

184 Höganäs AB 2003-07-01 2015-07-01 

185 I.A.R Systems Group AB 2003-07-01 2015-07-01 

186 I.A.R. Systems AB 2003-07-01 2005-04-25 

187 IBS AB 2003-07-01 2009-05-08 

188 ICA Gruppen AB 2005-12-08 2015-07-01 

189 Image Systems AB 2003-07-01 2015-07-01 

190 Immune Pharmaceuticals Inc. 2006-01-11 2015-07-01 

191 Industrial & Financial Systems, IFS AB 2003-07-01 2015-07-01 

192 Industrivärden, AB 2003-07-01 2015-07-01 

193 Indutrade AB 2005-10-05 2015-07-01 

194 Intellecta AB 2003-07-01 2015-07-01 

195 Intentia International AB 2003-07-01 2006-05-26 

196 Intrum Justitia AB 2003-07-01 2015-07-01 

197 Investor AB 2003-07-01 2015-07-01 

198 Inwido AB 2014-09-26 2015-07-01 

199 Invik & Co. AB 2005-09-01 2007-08-17 

200 Invisio Communications AB 2015-05-29 2015-07-01 

201 ITAB Shop Concept AB 2008-07-08 2015-07-01 

202 JC AB 2003-07-01 2006-09-01 

203 Jeeves Information Systems AB 2003-07-01 2012-06-21 

204 JLT Mobile Computers AB 2003-07-01 2003-05-02 

205 JM AB 2003-07-01 2015-07-01 

206 KABE AB 2003-07-01 2015-07-01 

207 KappAhl AB 2006-02-23 2015-07-01 

208 Karlshamns AB 2003-07-01 2005-11-11 

209 Karo Bio AB 2003-07-01 2015-07-01 

210 Karolin Machine Tool AB 2003-07-01 2008-02-01 

211 Karolinska Development AB 2011-04-15 2015-07-01 

212 Kaupþing banki hf. 2003-07-01 2008-12-09 
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213 Kinnevik, Industriförvaltnings AB 2003-07-01 2004-07-23 

214 Kinnevik, Investment AB 2003-07-01 2015-07-01 

215 KLIPPAN AB 2003-07-01 2006-05-05 

216 Klövern AB 2003-07-01 2015-07-01 

217 KnowIT AB 2003-07-01 2015-07-01 

218 Kungsleden AB 2003-07-01 2015-07-01 

219 Labs2 Group AB 2003-07-01 2004-03-14 

220 Lagercrantz Group AB 2003-07-01 2015-07-01 

221 Lammhults Design Group AB 2003-07-01 2015-07-01 

222 Latour, Investmentab. 2003-07-01 2015-07-01 

223 Lawson Software, Inc. 2006-05-02 2009-05-08 

224 LB Icon AB 2003-07-01 2006-07-26 

225 LBI International AB 2003-07-01 2010-07-26 

226 Ledstiernan AB 2003-07-01 2010-05-14 

227 LGP Allgon Holding AB 2003-07-01 2004-05-28 

228 Lifco AB 2014-11-21 2015-07-01 

229 Lindab international AB 2006-12-01 2015-07-01 

230 Lindex, AB 2003-07-01 2008-01-18 

231 Loomis AB 2008-12-09 2015-07-01 

232 Lucara Diamond Corp 2014-05-23 2015-07-01 

233 Lundbergföretagen AB, L E 2003-07-01 2015-07-01 

234 Lundin Gold Inc. 2014-12-19 2015-07-01 

235 Lundin Mining Corporation 2004-12-03 2015-07-01 

236 Lundin Petroleum AB 2003-10-02 2015-07-01 

237 Malmbergs Elektriska AB 2003-07-01 2015-07-01 

238 Mandamus Fastigheter AB 2003-07-01 2003-11-19 

239 Mandator AB 2003-07-01 2007-12-21 

240 Maxim Pharmaceuticals, Inc. 2003-07-01 2005-12-30 

241 Meda AB 2003-07-01 2015-07-01 

242 MEDICOVER Holding S.A. 2003-07-01 2006-12-07 

243 Medivir AB 2003-07-01 2015-07-01 

244 Mekonomen AB 2003-07-01 2015-07-01 

245 Melker Schörling AB 2006-12-06 2015-07-01 

246 Mertiva AB 2003-07-01 2013-07-26 

247 Metro International S.A. 2003-07-01 2012-05-31 

248 Micro systemation AB 2011-12-27 2015-07-01 

249 Midsona AB 2003-07-01 2015-07-01 

250 Midway Holding AB 2003-07-01 2015-07-01 

251 Millicom International Cellular S.A. 2004-03-30 2015-07-01 

252 Moberg Pharma AB 2011-05-26 2015-07-01 

253 Modern Times Group MTG AB 2003-07-01 2015-07-01 

254 Modul 1 Data AB 2003-07-01 2011-03-09 

255 Mogul AB 2003-07-01 2003-10-14 

256 MQ Holding AB 2010-06-18 2015-07-01 

257 MSC Group AB 2003-07-01 2015-07-01 
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258 MultiQ International AB 2003-07-01 2015-07-01 

259 Munksjö Oyj 2014-12-08 2015-07-01 

260 Munters AB 2003-07-01 2010-12-23 

261 Mycronic AB 2003-07-01 2015-07-01 

262 NAXS Nordic Access Buyout Fund AB 2010-06-07 2015-07-01 

263 NCC AB 2003-07-01 2015-07-01 

264 Nederman Holding Aktiebolag 2007-05-16 2015-07-01 

265 Nefab AB 2003-07-01 2007-11-30 

266 NeoNet AB 2003-07-01 2010-06-07 

267 Net Insight AB 2003-07-01 2015-07-01 

268 NetEnt AB 2009-01-13 2015-07-01 

269 NetOnNet  AB 2004-05-25 2011-04-01 

270 Netwise AB 2003-07-01 2006-08-28 

271 NeuroVive Pharmaceutical AB 2013-04-10 2015-07-01 

272 New Wave Group AB 2003-07-01 2015-07-01 

273 NGEx Resources Inc 2014-06-19 2015-07-01 

274 NIBE Industrier AB 2003-07-01 2015-07-01 

275 Nilörngruppen AB 2003-07-01 2009-06-30 

276 Niscayah Group AB 2006-09-29 2011-10-12 

277 Nobel Biocare Holding AG 2003-07-01 2008-05-09 

278 Nobia AB 2003-07-01 2015-07-01 

279 Nobina AB 2015-06-18 2015-07-01 

280 Nokia Oyj 2003-07-01 2007-06-01 

281 Nolato AB 2003-07-01 2015-07-01 

282 Nordax Group AB 2015-06-17 2015-07-01 

283 Nordea Bank AB 2003-07-01 2015-07-01 

284 Nordic Mines AB 2008-07-18 2015-07-01 

285 Nordic Service Partners Holding AB 2008-01-15 2015-07-01 

286 Nordnet  AB 2003-07-01 2015-07-01 

287 Norsk Hydro ASA 2003-07-01 2004-03-24 

288 North Atlantic Natural Resources AB 2003-07-01 2005-04-29 

289 Note AB 2004-06-23 2015-07-01 

290 NovaCast Technologies AB 2007-04-11 2011-03-08 

291 Novestra, AB 2003-07-01 2015-07-01 

292 NOVOTEK AB 2003-07-01 2015-07-01 

293 NP3 Fastigheter AB 2014-12-04 2015-07-01 

294 Närkes Elektriska AB 2003-07-01 2006-11-02 

295 Oasmia Pharmaceutical AB 2010-06-24 2015-07-01 

296 ODD Molly International AB 2010-06-21 2015-07-01 

297 OEM International AB 2003-07-01 2015-07-01 

298 Old Mutual plc 2006-02-02 2007-09-07 

299 OMX AB 2003-07-01 2008-05-02 

300 Opcon AB 2003-07-01 2015-07-01 

301 OptiMail AB 2003-07-01 2006-01-23 

302 Opus Group AB 2013-07-02 2015-07-01 
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303 Orc Group AB 2003-07-01 2012-03-09 

304 Orexo AB 2005-11-09 2015-07-01 

305 Oriflame Cosmetics S.A. 2004-03-24 2015-07-01 

306 Oriflame Holding AG 2015-06-23 2015-07-01 

307 Ortivus AB 2003-07-01 2015-07-01 

308 Oscar Properties Holding AB (publ) 2015-05-26 2015-07-01 

309 Oxigene, Inc. 2003-07-01 2010-06-30 

310 PA Resources AB 2006-06-19 2015-07-01 

311 Pandox AB 2003-07-01 2004-02-20 

312 Pandox Aktiebolag 2015-06-18 2015-07-01 

313 PartnerTech AB 2003-07-01 2015-07-17 

314 Peab AB 2003-07-01 2015-07-01 

315 Peab Industri AB 2007-10-01 2009-01-30 

316 Perbio Science AB 2003-07-01 2003-09-24 

317 Pergo AB 2003-07-01 2007-03-30 

318 Pharmacia Corp. 2003-07-01 2003-04-11 

319 Platzer Fastigheter Holding AB 2013-11-29 2015-07-01 

320 Poolia AB 2003-07-01 2015-07-01 

321 Powerwave Technologies, Inc. 2004-06-04 2006-06-09 

322 Precise Biometrics AB 2003-07-01 2015-07-01 

323 Prevas AB 2003-07-01 2015-07-01 

324 Pricer AB 2003-07-01 2015-07-01 

325 ProAct IT Group AB 2003-07-01 2015-07-01 

326 Probi AB 2004-12-02 2015-07-01 

327 Proffice AB 2003-07-01 2015-07-01 

328 ProfilGruppen AB 2003-07-01 2015-07-01 

329 Protect Data AB 2003-07-01 2007-02-12 

330 PSI Group ASA 2008-08-26 2012-03-16 

331 Qliro Group AB 2010-12-15 2015-07-01 

332 Q-Med AB 2003-07-01 2011-03-25 

333 Ratos AB 2003-07-01 2015-07-01 

334 RaySearch Laboratories AB 2003-07-01 2015-07-01 

335 ReadSoft AB 2003-07-01 2014-10-03 

336 Recipharm AB 2014-04-03 2015-07-01 

337 Rejlers AB 2006-12-18 2015-07-01 

338 Resco AB 2003-07-01 2006-04-28 

339 Rezidor Hotel Group AB 2006-11-28 2015-07-01 

340 Riddarhyttan Resources AB 2003-07-01 2005-11-25 

341 RKS AB 2003-07-01 2004-08-19 

342 RNB Retail and Brands AB 2003-07-01 2015-07-01 

343 Rottneros AB 2003-07-01 2015-07-01 

344 Rörvik Timber AB 2003-07-01 2014-12-19 

345 SAAB AB 2003-07-01 2015-07-01 

346 Sagax AB 2007-10-08 2015-07-01 

347 SalusAnsvar AB 2003-07-01 2007-12-14 
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348 Sandvik AB 2003-07-01 2015-07-01 

349 Sanitec Oyj 2013-12-10 2015-02-27 

350 Sapa  AB 2003-07-01 2005-06-17 

351 Sardus, AB 2003-07-01 2007-04-27 

352 SAS AB 2003-07-01 2015-07-01 

353 Scandi Standard AB 2014-06-27 2015-07-01 

354 Scandiaconsult AB 2003-07-01 2003-05-08 

355 SCANIA AB 2003-07-01 2014-06-02 

356 ScanMining AB 2003-07-01 2007-12-07 

357 Scribona AB 2003-07-01 2009-01-15 

358 Seamless Distribution AB 2012-06-13 2015-07-01 

359 Seco Tools AB 2003-07-01 2012-03-02 

360 SECTRA AB 2003-07-01 2015-07-01 

361 Securitas AB 2003-07-01 2015-07-01 

362 Securitas Direct AB 2006-09-29 2008-08-15 

363 Semafo Inc. 2011-10-20 2015-07-01 

364 Semcon AB 2003-07-01 2015-07-01 

365 Senea AB 2003-07-01 2006-12-22 

366 Sensys Gatso Group AB 2003-07-01 2015-07-01 

367 Shelton Petroleum AB 2012-11-19 2015-07-01 

368 Sigma AB 2003-07-01 2013-05-21 

369 SinterCast AB 2003-07-01 2015-07-01 

370 Skandia, Försäkringsab. 2003-07-01 2006-06-05 

371 Skandinaviska Enskilda Banken AB 2003-07-01 2015-07-01 

372 Skanditek Industriförvaltning AB 2003-07-01 2010-01-19 

373 Skanska AB 2003-07-01 2015-07-01 

374 SKF, AB 2003-07-01 2015-07-01 

375 SkiStar AB 2003-07-01 2015-07-01 

376 Softronic AB 2003-07-01 2015-07-01 

377 Song Networks Holding AB 2003-07-01 2005-01-10 

378 Sportamore AB 2015-05-18 2015-07-01 

379 SSAB AB 2003-07-01 2015-07-01 

380 Stockwik Förvaltning AB 2003-07-01 2015-07-01 

381 Stora Enso Oyj 2003-07-01 2015-07-01 

382 Strålfors AB 2003-07-01 2006-06-16 

383 Studsvik AB 2003-07-01 2015-07-01 

384 SWECO AB 2003-07-01 2015-07-01 

385 Swedbank AB 2003-07-01 2015-07-01 

386 Svedbergs i Dalstorp AB 2003-07-01 2015-07-01 

387 Swedish Match AB 2003-07-01 2015-07-01 

388 Swedish Orphan Biovitrum AB 2006-09-15 2015-07-01 

389 Swedol AB 2008-06-12 2015-07-01 

390 Svenska Cellulosa AB SCA 2003-07-01 2015-07-01 

391 Svenska Handelsbanken AB 2003-07-01 2015-07-01 

392 Svenska Orient Linien AB 2003-07-01 2003-06-06 
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393 SwitchCore AB 2003-07-01 2008-05-02 

394 Svithoid Tankers AB 2006-07-13 2008-10-14 

395 Svolder AB 2003-07-01 2015-07-01 

396 Syngenta AG 2003-07-01 2003-12-29 

397 Systemair AB 2007-10-12 2015-07-01 

398 SäkI AB 2003-07-01 2011-07-01 

399 Tanganyika Oil Corp. 2007-02-14 2008-12-23 

400 Technology Nexus AB 2003-07-01 2009-09-25 

401 Tele2 AB 2003-07-01 2015-07-01 

402 Teleca AB 2003-07-01 2009-03-02 

403 Telelogic AB 2003-07-01 2008-04-25 

404 TeliaSonera AB 2003-07-01 2015-07-01 

405 Teligent AB 2003-07-01 2008-11-04 

406 Tethys Oil AB 2013-05-02 2015-07-01 

407 Thalamus Networks AB 2003-07-01 2008-10-06 

408 Thule Group AB 2014-11-26 2015-07-01 

409 Ticket Travel Group AB 2003-07-01 2010-04-09 

410 Tieto Oyj 2003-07-01 2015-07-01 

411 Tilgin AB 2006-12-15 2010-12-15 

412 Tivox AB 2003-07-01 2005-08-28 

413 Tobii AB 2015-04-24 2015-07-01 

414 Tornet, Fastighets AB 2003-07-01 2004-10-29 

415 Traction, AB 2003-07-01 2015-07-01 

416 TradeDoubler AB 2005-11-08 2015-07-01 

417 Transcom WorldWide AB 2014-11-28 2015-07-01 

418 Transcom WorldWide S.A. 2003-07-01 2014-11-24 

419 Transmode AB 2011-05-27 2015-07-01 

420 Trelleborg AB 2003-07-01 2015-07-01 

421 Tribona AB 2013-05-21 2015-07-01 

422 Tricorona AB 2003-07-01 2010-08-20 

423 Trigon Agri A/S 2010-12-08 2015-07-01 

424 Trio AB 2003-07-01 2006-08-11 

425 Troax Group AB 2015-04-24 2015-07-01 

426 TurnIT AB 2003-07-01 2005-05-27 

427 TV4 AB 2003-07-01 2005-07-22 

428 Unibet Group Plc 2004-06-08 2006-10-27 

429 Unibet Group Plc.  2006-10-30 2015-07-01 

430 Uniflex AB 2006-11-01 2015-07-01 

431 Wallenstam AB 2003-07-01 2015-07-01 

432 VBG GROUP AB 2003-07-01 2015-07-01 

433 Venue Retail Group AB 2003-07-01 2015-07-01 

434 Victoria Park AB 2013-12-09 2015-07-01 

435 Wihlborgs Fastigheter AB 2003-07-01 2015-07-01 

436 Viking Supply Ships AB 2003-07-01 2015-07-01 

437 Vitec Software Group AB 2011-06-23 2015-07-01 



 11 

438 Vitrolife AB 2003-07-01 2015-07-01 

439 VLT AB 2003-07-01 2006-08-25 

440 WM-data AB 2003-07-01 2006-11-24 

441 Volvo, AB 2003-07-01 2015-07-01 

442 Vostok Gas Ltd. 2003-07-01 2009-01-30 

443 Vostok New Ventures Ltd 2007-07-04 2015-07-01 

444 XANO Industri AB 2003-07-01 2015-07-01 

445 XPonCard Group AB 2003-07-01 2008-06-19 

446 ZodiakTelevision AB 2003-07-01 2008-08-15 

447 ÅF AB 2003-07-01 2015-07-01 

448 Öresund, Investment AB 2003-07-01 2015-07-01 
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Appendix B 
TABLE B-1: Number of firms and average security beta for the dependent variable 
portfolios sorted by security-betas into quintiles for all years included in our sample. 
Starting 2003-07-01 and ending 2015-07-01.  
 
Number of firms and average beta in sorted portfolios 
  β1 b2 b3 b4 b5 
Year Beta Firms Beta Firms Beta Firms Beta Firms Beta Firms 
2014-2015 0.55 52 0.97 52 1.2 51 1.44 52 2.08 51 
2013-2014 0.68 50 1,0 52 1.23 50 1.5 51 2.11 50 
2012-2013 0.62 50 0.95 51 1.18 48 1.42 53 1.98 50 
2011-2012 0.66 50 0.96 50 1.16 49 1.41 51 2.06 51 
2010-2011 0.29 51 0.98 49 1.21 54 1.48 49 2.01 52 
2009-2010 0.64 51 0.98 50 1.24 51 1.54 50 2.09 49 
2008-2009 0.43 53 0.99 50 1.25 55 1.52 53 2.13 52 
2007-2008 0.55 54 1.08 52 1.37 52 1.78 58 2.69 53 
2006-2008 0.65 53 1.05 53 1.39 51 1.91 54 2.83 53 
2005-2006 0.49 53 0.94 52 1.29 54 1.79 51 2.71 55 

2004-2005 0.3 52 0.88 56 1.24 55 1.71 54 2.79 54 
2003-2004 0.44 55 0.85 54 1.16 56 1.64 55 2.68 54 
Average 0.5 52 1.0 52 1.2 52 1.6 53 2.3 52 
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Appendix C 
TABLE C- 1: Number of firms in the portfolios used to construct the FF CMA Factor. 
Number of firms in CMA portfolios 

Year Big, Agg. Big, Med. Big, Cons. Small, Agg. Small, Med. Small, Cons. 
2014-2015 40 55 40 40 55 40 
2013-2014 41 56 41 42 56 42 
2012-2013 41 55 41 41 56 41 
2011-2012 41 55 41 41 55 41 
2010-2011 43 57 41 42 57 42 
2009-2010 42 57 42 42 57 42 
2008-2009 42 57 42 42 57 42 
2007-2008 42 57 42 42 57 42 
2006-2008 40 54 40 40 54 40 
2005-2006 41 55 41 38 52 38 
2004-2005 40 54 40 39 52 40 
2003-2004 41 55 41 41 56 41 
Average 41 56 41 41 55 41 
 
TABLE C-2: Number of firms in the portfolios used to construct the FF HML Factor. 
Number of firms in HML portfolios 

Year Big, High Big, Med Big, Low Small, High Small, Med Small, Low 
2014-2015 42 55 40 40 54 40 
2013-2014 41 56 41 42 56 42 
2012-2013 41 55 41 41 56 41 
2011-2012 40 56 40 40 56 40 
2010-2011 42 56 42 42 56 42 
2009-2010 42 56 42 42 56 42 
2008-2009 42 56 42 41 57 41 
2007-2008 42 57 42 42 56 42 
2006-2008 40 54 40 40 55 40 
2005-2006 41 55 41 41 55 41 
2004-2005 40 54 40 39 55 39 
2003-2004 41 56 41 41 55 41 
Average 41 56 41 41 56 41 
 
TABLE C-3: Number of firms in the portfolios used to construct the FF RMW Factor. 
Number of firms in RMW portfolios 

Year Big, Robust Big, Med Big, Weak Small, Robust Small, Med Small, Weak 
2014-2015 40 54 40 39 52 39 
2013-2014 41 55 41 40 56 40 
2012-2013 41 55 41 40 55 40 
2011-2012 41 55 41 40 56 40 
2010-2011 41 57 41 42 56 42 
2009-2010 42 56 42 41 57 41 
2008-2009 42 57 42 40 54 40 
2007-2008 42 56 42 40 56 40 
2006-2008 39 53 39 39 55 39 
2005-2006 40 54 40 40 54 40 
2004-2005 39 55 39 39 54 39 
2003-2004 41 56 41 41 55 41 
Average 41 55 41 40 55 40 
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Appendix D 
TABLE D-1: Number of firms in the portfolios used to construct the HXZ I/A Factor. 
Number of firms in I/A portfolios 
Year Big, high Big, Neutral Big, Low Small, High Small, Neutral Small, Low 
2014-2015 40 55 40 40 55 40 
2013-2014 41 56 41 42 56 42 
2012-2013 41 55 41 41 56 41 
2011-2012 41 55 41 41 55 41 
2010-2011 43 57 41 42 57 42 
2009-2010 42 57 42 42 57 42 
2008-2009 42 57 42 42 57 42 
2007-2008 42 57 42 42 57 42 
2006-2008 40 54 40 40 54 40 
2005-2006 41 55 41 38 52 38 
2004-2005 40 54 40 39 52 40 
2003-2004 41 55 41 41 56 41 
Average 41 56 41 41 55 41 
 
TABLE D-2: Number of firms in the portfolios used to construct the HXZ ROE Factor. 
Number of firms in ROE portfolios 
Year Big, High Big, Neutral Big, Low Small, High Small, Neutral Small, Low 
2014-2015 40 54 40 40 55 40 
2013-2014 41 55 41 41 57 41 
2012-2013 40 56 40 41 55 41 
2011-2012 40 56 40 40 56 40 
2010-2011 41 56 41 42 56 42 
2009-2010 42 56 42 41 57 41 
2008-2009 42 57 42 41 57 41 
2007-2008 42 57 42 42 56 42 
2006-2008 40 54 40 40 54 40 
2005-2006 41 55 41 38 52 38 
2004-2005 40 54 40 39 52 39 
2003-2004 40 56 40 41 55 41 
Average 41 56 41 41 55 41 
 
  



 18 

  



 19 

Appendix E 
 
TABLE E- 1: Factor correlations for the unconditional QFM by HXZ for the full 
sample period 2003-2015. 
  QFM - Factor Correlations (12Y) 
  [MKT] [ME] [I/A] [ROE] 
[MKT] 1 -0.3315 -0.0874 -0.0869 
[ME] -0.3315 1 -0.0867 -0.4215 
[I/A] -0.0874 -0.0867 1 0.5000 
[ROE] -0.0869 -0.4215 0.5000 1 
 
 
TABLE E- 2: Factor correlations for the unconditional FF5M for the isolated sample 
period 2006-2012. 
  FF5M - Factor correlations (6Y) 
  MKT SMB HML CMA RMW 
MKT 1 -0.5040 0.2364 0.1149 0.0976 
SMB -0.5040 1 -0.3680 -0.0582 -0.4670 
HML 0.2364 -0.3680 1 0.0479 0.4250 
CMA 0.1149 -0.0582 0.0479 1 -0.2408 
RMW 0.0976 -0.4670 0.4250 -0.2408 1 
 
TABLE E- 3: Factor correlations for the unconditional QFM by HXZ for the isolated 
sample period 2006-2012 
  QFM - Factor Correlations (6Y) 
  [MKT] [ME] [I/A] [ROE] 
[MKT] 1 -0.4936 -0.1069 -0.0856 
[ME] -0.4936 1 0.0794 -0.1538 
[I/A] -0.1069 0.0794 1 0.4716 
[ROE] -0.0856 -0.1538 0.4716 1 
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Appendix F  
TABLE F-4: Regression results for estimation of UP Market Betas with the FF5M for 
both sample periods with conditional sorting on market excess return.  
  UP Market estimations for the FF5M 

  Regression of all observations where Rm > Rf (UP Market States) 
Portfolio Α β (UP) β (SMB) β (HML) β (CMA) β (RMW) Adj. R-

squared 
Β1(F) 0.0038 0.6412*** 0.2987** 0.0566 -0.2872** -0.3112** 45.08% 

(0.004998) (0.102201) (0.141783) (0.114388) (0.117377) (0.124729) 
B2(F) 0.0107** 0.6322*** 0.0819 0.0916 -0.3712** -0.4656*** 42.64% 

(0.00456) (0.121008) (0.196148) (0.125634) (0.15847) (0.165248) 
B3(F) 0.0083* 0.8366*** 0.2749* 0.0186 -0.2338 -0.3627* 58.21% 

(0.004906) (0.113672) (0.150322) (0.140863) (0.146748) (0.158046) 
B4(F) -0.0010 1.0792*** 0.1887 -0.0645 -0.3704*** -0.5377*** 71.86% 

(0.00417) (0.107189) (0.15645) (0.13251) (0.125542) (0.132615) 
B5(F) 0.0033 1.1954*** 0.3612** 0.1632 -0.2327 -0.6504*** 69.13% 

(0.005318) (0.120934) (0.170207) (0.145116) (0.147534) (0.125679) 
Β1(I) 0.0079 0.7658*** 0.5466*** 0.0467 -0.4972*** -0.5881*** 65.69% 

(0.006226) (0.096861) (0.141833) (0.126659) (0.118013) (0.113874) 
B2(I) 0.0151** 0.7856*** 0.2642 0.0109 -0.5521** -0.8516*** 63.01% 

(0.006132) (0.134203) (0.225717) (0.180079) (0.233055) (0.182835) 
B3(I) 0.0153** 0.8657*** 0.4283** 0.2143 -0.3937* -0.8097*** 64.18% 

(0.006707) (0.155641) (0.222914) (0.217137) (0.205318) (0.18202) 
B4(I) 0.0062 1.061*** 0.2682 -0.1310 -0.5212** -0.7633*** 73.68% 

(0.006865) (0.125969) (0.224555) (0.179502) (0.201555) (0.195871) 
B5(I) 0.0099 1.0853*** 0.1924 0.2582 -0.5589*** -0.8722*** 64.82% 

(0.007638) (0.132808) (0.298977) (0.207062) (0.218582) (0.164801) 
 
TABLE F-5: Regression results for estimation of DOWN Market Betas with the FF5M 
for both sample periods with conditional sorting on market excess return. 
  DOWN Market estimations for the FF5M 

Regression of all observations where Rm < Rf (DOWN Market States) 
Portfolio α β (DOWN) β (SMB) β (HML) β (CMA) β (RMW) Adj. R-

squared 
Β1(F) 0.0095 0.9347*** 0.3361** 0.1532 -0.3328** -0.4886*** 74.75% 

(0.00610) (0.104047) (0.151335) (0.134891) (0.139901) (0.157705) 
B2(F) -0.0013 0.9881*** 0.4126** 0.0113 -0.1785 -0.1646 77.31% 

(0.006104) (0.059545) (0.162078) (0.126527) (0.167814) (0.133994) 
B3(F) 0.0033 1.0149*** 0.2888*** 0.0418 -0.2396** -0.4466*** 81.70% 

(0.004712) (0.053584) (0.08517) (0.071257) (0.101053) (0.117791) 
B4(F) 0.0066 1.2306*** 0.2782** 0.08502 -0.1205 -0.6381*** 82.51% 

(0.005612) (0.095287) (0.118066) (0.099865) (0.171024) (0.166100) 
B5(F) -0.0110* 1.1469*** 0.5725*** 0.0158 -0.2392 -0.5308*** 79.91% 

(0.005875) (0.107577) (0.157227) (0.154689) (0.16905) (0.158648) 
Β1(I) -0.0051 0.9010*** 0.4839** 0.0972 -0.4301** -0.2253 72.16% 

(0.011553) (0.131180) (0.175878) (0.151508) (0.196911) (0.2862869 
B2(I) -0.0098 0.9621*** 0.4611** -0.0651 -0.3102 -0.1763 76.40% 

(0.011795) (0.079748) (0.183534) (0.124237) (0.191879) (0.280822) 
B3(I) -0.0039 0.9769*** 0.2981** 0.0251 -0.2164** -0.3376* 88.24% 

(0.007691) (0.063599) (0.115606) (0.098611) (0.104727) (0.184600) 
B4(I) 0.0036 1.2100*** 0.3201 0.0945 0.0069 -0.4552 81.01% 

(0.010538) (0.118908) (0.213091) (0.130358) (0.253146) (0.323472) 

B5(I) -0.0159 1.1474*** 0.6667*** -0.0564 -0.2675 -0.4019 78.96% 
(0.010065) (0.132851) (0.207029) (0.185219) (0.25709) (0.294861) 



 22 

TABLE F- 3: Regression results for estimation of UP Market Betas with the QFM for 
both sample periods with conditional sorting on market excess return. 
  UP Market estimations for the QFM 
  Regression of all observations where Rm > Rf (UP Market States) 
Portfolio α β (UP)  β(ME) β(I/A) β(ROE) Adj. R-squared 
Β1(F) 0.0002 0.6816*** 0.4746*** 0.0930 0.0093 39.85% 

(0.005060) (0.109072) (0.145081) (0.13312) (0.112686) 
B2(F) 0.0083* 0.6441*** 0.2594 0.2313 -0.1598 33.96% 

(0.004766) (0.132048) (0.19214) (0.171502) (0.159687) 
B3(F) 0.0057 0.8517*** 0.4366*** 0.0783 -0.0939 51.86% 

0.005404 0.132453 0.151896 0.155313 0.145713 
B4(F) -0.0039 1.0745*** 0.4173** 0.2110 -0.2464* 62.39% 

(0.00451) (0.131368) (0.186523) (0.136956) (0.145231) 
B5(F) 0.0038 1.1490*** 0.4995*** 0.1781 -0.3933*** 63.85% 

(0.006003) (0.134453) (0.188486) (0.158076) (0.134308) 
Β1(I) 0.0046 0.7486*** 0.6903*** 0.4957*** -0.4026*** 55.13% 

(0.006527) (0.118054) (0.175122) (0.136169) (0.134015) 
B2(I) 0.0106 0.7712*** 0.5004* 0.6012** -0.6436*** 49.80% 

(0.007056) (0.171380) (0.272567) (0.258941) (0.187628) 
B3(I) 0.0094 0.8756*** 0.6037*** 0.3268 -0.4499 49.09% 

(0.008972) (0.193997) (0.220996) (0.263556) (0.277582) 
B4(I) 0.0013 1.0478*** 0.5108* 0.5668** -0.5913*** 61.42% 

(0.007234) (0.171623) (0.278363) (0.221025) (0.214194) 
B5(I) 0.0056 1.0672*** 0.3379 0.5540** -0.5667*** 54.93% 

(0.009123) (0.158361) (0.360127) (0.229258) (0.174658) 
 
TABLE F- 4: Regression results for estimation of DOWN Market Betas with the QFM 
for both sample periods with conditional sorting on market excess return. 
  DOWN Market estimations for the QFM 
  Regression of all observations where Rm < Rf (DOWN Market States) 
Portfolio α β (DOWN)  β(ME) β(I/A) β(ROE) Adj. R-squared 
Β1(F) 0.0048 0.9598*** 0.4895*** 0.2685* -0.1422 69.40% 

(0.007474) (0.11425) (0.142468) (0.158004) (0.154585) 
B2(F) -0.0037 0.9924*** 0.4865*** 0.1530 -0.0376 77.35% 

(0.007099) (0.059502) (0.171788) (0.182861) (0.174081) 
B3(F) -0.0020 1.0273*** 0.4555*** 0.1930 -0.1416 77.30% 

(0.005701) (0.061721) (0.080409) (0.139406) (0.136211) 
B4(F) 0.0040 1.2543*** 0.4477*** 0.1221 -0.4028** 77.98% 

(0.006158) (0.100114) (0.104962) (0.205985) (0.184722) 
B5(F) -0.0133* 1.1605*** 0.7328*** 0.2359 -0.3560* 77.18% 

(0.007579) (0.102174) (0.186714) (0.177485) (0.18672) 
Β1(I) -0.0093 0.9004*** 0.5504*** 0.3860* -0.0459 72.08% 

(0.010238) (0.135861) (0.152398) (0.223515) (0.227111) 
B2(I) -0.0160 0.9515*** 0.5845*** 0.2801 0.0137 77.20% 

(0.010567) (0.077557) (0.175429) (0.219421) (0.232725) 
B3(I) -0.0105 0.9735*** 0.4283*** 0.2101 -0.1021 87.16% 

(0.007302) (0.066115) (0.1063) (0.131051) (0.139237) 
B4(I) -0.0008 1.2135*** 0.4300*** 0.0167 -0.2836 80.46% 

(0.008888) (0.119102) (0.155022) (0.289901) (0.238468) 
B5(I) -0.0245** 1.1344*** 0.8562*** 0.2397 -0.1271 78.64% 

(0.00995) (0.126013) (0.203814) (0.255112) (0.251002) 
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TABLE F- 5: Regression results for estimation of UP Market Betas with the single-
factor model (CAPM) for both sample periods with conditional sorting on market 
excess return. 
UP Market estimations for the CAPM 
Regression of all observations where Rm > Rf (UP Market States) 

Portfolio α β (UP) Adj. R-squared 
Β1(F) 0.0027 0.5648*** 23.43% 

(0.0051) (0.1248) 
B2(F) 0.0073 0.6138*** 61.38% 

(0.0061) (0.1683) 
B3(F) 0.0049 0.7641*** 36.00% 

(0.0057) (0.1459) 
B4(F) -0.0073 1.0223*** 46.04% 

(0.0061) (0.1763) 
B5(F) -0.0041 1.1051*** 39.91% 

(0.0059) (0.1627) 
Β1(I) 0.0023 0.5260*** 22.57% 

(0.0076) (0.1796) 
B2(I) 0.0012 0.6792** 26.71% 

(0.0098) (0.2541) 
B3(I) 0.0027 0.7097*** 30.22% 

(0.0101) (0.2342) 
B4(I) -0.0068 0.9410*** 43.98% 

(0.0103) (0.2868) 
B5(I) -0.0028 1.0279*** 45.69% 

(0.0087) (0.2366) 
 
TABLE F-6: Regression results for estimation of UP Market Betas with the single-
factor model (CAPM) for both sample periods with conditional sorting on market 
excess return. 
DOWN Market estimations for the CAPM 
Regression of all observations where Rm < Rf (DOWN Market States) 

Portfolio α β (DOWN) Adj. R-squared 
Β1(F) 0.0075 0.8760*** 56.78% 

(0.0051) (0.1438) 
B2(F) -0.0004 0.9118*** 66.10% 

(0.0037) (0.0907) 
B3(F) -0.0010 0.9457*** 66.42% 

(0.0047) (0.0894) 
B4(F) -0.0045 1.1490*** 66.87% 

(0.0055) (0.1362) 
B5(F) -0.0173*** 1.0149*** 53.72% 

(0.0052) (0.1677) 
Β1(I) -0.0004 0.8155*** 56.23% 

(0.0066) (0.1596) 
B2(I) -0.0073 0.8622*** 61.77% 

(0.0061) (0.1023) 
B3(I) -0.0074 0.9001*** 76.35% 

(0.0047) (0.0921) 
B4(I) -0.0071 1.1215*** 73.15% 

(0.0067) (0.1485) 
B5(I) -0.0196*** 0.9884*** 54.78% 

(0.0066) (0.1813) 
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Appendix G 
TABLE G-1: Regression of the unconditional CAPM. Intercepts, Explanatory Factor 

Coefficients, standard errors and Adjusted R-squared Values for the full sample period 

between 1st July 2003 and 1st July 2015, and the isolated period between 1st July 2006 

and 1st July 2012. Significance levels are marked with ***, ** and * for the 1%, 5% 

and 10% level, respectively. 
 

Unconditional CAPM 
Portfolio α β (MKT) Adj. R-Squared 
Β1(F) -0.0011 0.6992*** 59.97% 

(0.0025) (0.0698) 
B2(F) -0.0020 0.8357*** 70.41% 

(0.0023) (0.0585) 
B3(F) -0.0013 0.9087*** 74.22% 

(0.0022) (0.0505) 
B4(F) -0.0085*** 1.0703*** 75.69% 

(0.0026) (0.0703) 
B5(F) -0.0084*** 1.1552*** 71.51% 

(0.0031) (0.0848) 
Β1(I) -0.0055 0.7164*** 66.15% 

(0.0036) (0.0852) 
B2(I) -0.0069* 0.8429*** 71.36% 

(0.0038) (0.0748) 
B3(I) -0.0064* 0.8880*** 78.29% 

(0.0033) (0.0634) 
B4(I) -0.0110*** 1.0502*** 80.16% 

(0.0037) (0.0892) 
B5(I) -0.0097** 1.1113*** 76.17% 

(0.0044) (0.1028) 
 

 

 

 


