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Abstract	  
The aim of this paper is to test and further improve fundamental analysis models developed 

by Piotroski (2000) and Rados and Lovric (2009). The improvement seeks to reverse the 

information in the previous models by taking relative importance and strength of both positive 

and negative fundamental signals into consideration. The theoretical framework used includes 

the efficient market hypothesis, fundamental analysis and investing in high book-to-market 

companies. The Piotroski model, two Rados’s and Lovric’s models and two variations of our 

model were tested on a portfolio consisting of high book-to-market companies from the 

Stockholm Stock Exchange during the period 1999-2008. The results show that our EDA 

Model was the most successful at identifying short selling candidates, as EDA Low portfolio 

rendered market adjusted returns of -19% on average. Moreover, our EDC model was the best 

performing at identifying buy-and-hold candidates, with an average annual market adjusted 

return of 31,5%. The success of our models implies that the market is not using the 

information captured by them fully and in a timely manner.  

Key Words: Fundamental Analysis, Fundamental Signals, High Book-to-Market, Abnormal 

Returns, Piotroski, Rados and Lovric.  
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1.	  Introduction	  

1.1	  Background	  

The average value of one day’s trading on the Nasdaq OMX Stockholm (hereinafter: 

Stockholm Stock Exchange) was SEK 14,3 billion in April 2011 (Nasdaq OMX, 2011). It is 

open for anyone - from individuals trading in their living rooms to large banks and hedge 

funds. The vast majority of these investors share the ambition of outperforming the market. 

Financial statements are often used as an information source when determining a lucrative 

investment. However, the usefulness of this type of information has been debated. On the one 

hand, concern has been raised about the reliability and value relevance of financial statements 

for investment decision-making (Francis & Schipper, 1999). On the other hand, substantial 

research has been conducted examining investment strategies grounded upon company 

financial information finding it to be an advantageous method (Abarbanell & Bushee, 1998; 

Piotroski, 2000).  

A considerably large field within this line of research has been focused on high book-to-

market investment strategy and has documented abnormal returns, i.e. returns higher than the 

corresponding market index. This could be a result of the market underpricing this type of 

securities (Abarbanell & Bushee, 1998; Piotroski, 2000). At the same time, Piotroski (2000) 

documented that forming an investment strategy solely upon high book-to-market ratios is 

flawed. He observed that less than 44 % of the high book-to-market firms produced positive 

market adjusted returns after two years. Consequently, Piotroski emphasized the importance 

of being able to separate strong from week companies within high book-to-market portfolio 

(Ibid). His model uses nine fundamental signals such as cash flow from operations and return 

on assets to separate winners from losers, where the trading strategy is to buy-and-hold 

companies with high fundamental score and short sell the ones with low fundamental scores.  

Using Piotroski’s research as a stepping-stone, Rados and Lovric (2009) suggested further 

improvement to the high book-to-market strategy by weighting the importance and the 

strength of the nine signals. The models developed by Rados and Lovric (2009) in order to 

capture more information, were able to generate even higher returns.  
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1.2	  Problematization	  

The key principle of fundamental analysis is using as much value relevant information from 

financial statements as possible in order to reach well-grounded investment decisions. Despite 

that, the previous models are formed in a way that causes certain information loss. Piotroski 

(2000) treats all of his nine signals equally, giving them a value of one when positive, and a 

value of zero when negative, in spite of the nine signals having different importance and 

relative strength. While introducing improvements, Rados and Lovric (2009) developed 

models that do not capture the significance and strength of negative signals, as these are 

always awarded a value of zero. We see no reason for omitting this information, and thus 

strongly believe that capturing the relative strength and importance of both positive and 

negative signals leads to an improvement of the models.  

1.3	  The	  Objective	  

The aim of this paper is to test and further improve fundamental models developed by 

Piotroski (2000) and Rados and Lovric (2009). Our improvement introduces a somewhat 

different calculation of signals making it possible for models to capture the relative 

importance of negative signals, as we believe that the earlier models were unable to do so. We 

expect this to further refine the differentiation between financially strong and week companies 

and consequently contribute to forming portfolios with higher abnormal returns. The 

underlying causes of the empirical findings are also to be analyzed.  

The tests have been conducted on the data from the Stockholm Stock Exchange between 1999 

and 2008 as basis for fundamental analysis. This further differentiates our study from the 

previous research, which was based on data gathered for stock markets in New York. 

Moreover, this makes our study the most recent one.  

1.4	  The	  paper’s	  disposition	  

The theoretical framework of the paper is presented in the second section where different 

theories are introduced. These include the efficient market hypothesis, fundamental analysis 

and investment strategies based on it. The presentation of previous studies done on the field 

follows. This section ends with the presentation of four hypothesis grounded on the 

theoretical framework of the paper, and are used as guidelines for analysis.  
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In the third section of the paper, the methodology of our empirical research is described. The 

information presented here includes sample choice and data gathering, as well as the models 

that have been used in our study. We end this section with explaining our trading strategy and 

calculation of returns. Throughout the section we even explain our methodological choices 

and discuss how the alternative choices could have affected the results of the study.  

The fourth section is dedicated for presenting and discussing he results of our empirical 

research. Here we start by showing the results of investing in a high book-to-market portfolio 

and continue by introducing the results of the different models tested. The discussion and 

analysis, which follows the results, is based on the comparison between the models used 

where we discuss various reasons for differences in the results. This section is concluded by a 

summary of results followed by a general discussion of the different phenomenon we 

observed while conducting the research.  

Finally, we conclude the paper in the fifth section where we summarize our findings and 

conclusions, followed by a more general discussion on the results and its limitations. This part 

ends with a discussion of the implications that our research can have on forming investment 

strategies and recommendations for further research.  

2.	  Theoretical	  framework	  

2.1	  Efficient	  Market	  Hypothesis	  and	  Abnormal	  Returns	  

Market efficiency has been a subject of researchers’ interest for decades. In one of the earliest 

and most prominent papers within the field, the efficient market hypothesis has been drawn 

which states that market is to be considered as efficient due to it quickly adjusting to new 

information (Fama et al., 1969). Making the assumption that capital markets are efficient, 

stock prices should always be reflecting the present value of future cash flows (Fama, 1965; 

Kothari, 2001; Ou & Penman, 1989). Consequently, this means that the market captures and 

reflects information about company value and that stock prices continuously and quickly 

adapt to eventual new information, which are causes or results of changes in company value. 

Further research on the field has lead to a distinction between three different forms of 

efficient market hypothesis, based on the accuracy and rapidity of price adjustments to new 

information (Fama, 1970). The three forms of market efficiency are the following (Ibid): 
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Weak market efficiency - the market efficiency is considered to be weak, when market solely 

takes historical price-related information into consideration; 

Semi-strong market efficiency - the market adapts correctly and quickly to all publicly 

available information, such as financial reports of companies and different press releases; 

Strong market efficiency - this form means that prices on the stock market fully reflect all 

information about company value, both publicly available and unannounced.  

Assuming that one of the stronger forms of market efficiency hold, stock prices would at all 

times reflect a company’s fundamental value. Consequently, generating abnormal returns on 

different investment techniques would be impossible. The analysis of historical data would be 

essentially useless when trying to form investment strategies that would outperform the 

market, since the information revealed would already be incorporated in the price of the asset 

(Schostak, 1997). The efficient market hypothesis in its semi-strong is therefore dismissive of 

the possibility of using publicly available information for generating abnormal returns.  

The theory holds that the market appears to adjust so quickly to the information about 

individual stocks and the economy as a whole that no technique of selecting a portfolio - 

neither technical nor fundamental analysis - can consistently outperform a strategy of simply 

buying and holding a diversified group of securities. (Malkiel, 1985, p. 194) 

However, there is piling evidence against market efficiency. Lee (2001) believes that market 

efficiency is an inadequate and naive notion. Furthermore, he states that stock prices do not 

adjust to their fundamental value instantaneously, but that the adjustment is rather a process 

requiring time and effort (Ibid). This process is to be understood as interplay between two 

types of investors - information arbitrageurs and noise traders (Ibid). The firstly mentioned 

group, the information arbitrageurs, is defined as rational speculators as they have rational 

and information-based expectations about stock returns (Schleifer & Summer, 1990). The 

opposite group, the noise traders, trade irrationally as they react to irrelevant signals and 

because they are often subjects to systematic biases (Ibid). The irrational behavior of noise 

traders causes mispricing on the market (Lee, 2001). Consequently, herein the opportunity 

lies for beneficial usage of fundamental analysis - the analysis of key contents of financial 

statements. The analysis of the information available can be used to give indications about 

mispriced stocks (Abarbanell & Bushee, 1998).  
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In spite of the presence of abnormal returns casting a serious suspicion on market efficiency, 

one has to warn that this is not necessarily the only explanation for the abnormal returns. On 

the contrary, these abnormal returns or at least a part of them can be explained by the market 

efficiency hypothesis. The most common criticism on explaining abnormal returns as the 

results of financial asset mispricing is that abnormal returns are actually a result of investment 

strategies actually identifying risk factors. (Abarbanell & Bushee, 1998). Consequently, the 

abnormal returns can be a result of a higher risk, thus being in accordance with efficient 

market hypothesis (Fama & French, 1992). However, the research investigating this 

alternative explanation comes to a conclusion that the abnormal returns cannot solely be 

explained by risk shifts (Abarnbanell & Bushee, 1998), meaning that mispricing occurs to at 

least some extent.  

2.2	  Fundamental	  Analysis	  

The companies present on the stock markets publish their financial information on a regular 

basis, as prescribed by different laws and regulations. One of the main purposes of financial 

reporting is to provide financial decision-makers with information that is relevant for 

investment decisions (Francis & Schipper, 1999). Due to the large amount of information that 

financial reports contain, the differentiation between its value relevant and irrelevant contents 

is an important task for investment related decision-making.   

Fundamental analysis is a method of identifying aspects of historical financial reports that 

have high relevance for investment decisions, by their studious examination (Lev & 

Thiagarajan, 1993; Ou & Penman, 1989). As such, fundamental analysis has the purpose to 

assess the firm value by analyzing different key-value drivers, such as return on assets, 

adequacy of cash flow, growth, etc (Ibid).  

When it comes to using fundamental analysis in order to render abnormal stock returns, there 

are two conditions that have to be met. Firstly, the key information as identified by 

fundamental analysis must be relevant for predicting future financial performance of the 

companies that are to be priced by the stock market. (Abarbanell & Bushee, 1998). The 

second condition that has to be met in order for fundamental analysis investments to generate 

abnormal returns is that there is a temporary underuse of information that fundamental signals 

provide on behalf of the market (Ibid).  
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Despite its good performance when used as a basis of investment strategies, the fundamental 

analysis has certain limitations, as discovered by previous research. The usefulness of 

fundamental analysis is limited to certain types of companies (Abarbanell & Bushee, 1998; 

Piotrosky, 2000). Firstly, the fundamental analysis is most appropriate and applicable to high 

book-to-market stocks, so called value stocks, whereas its usefulness for investments in low 

book-to-market firms, so called glamour stocks, is much decreased (Piotroski, 2000). 

Secondly, the fundamental based strategies have been most successful when applied to 

companies with prior bad news, implying that this has lead to valuation pessimism and 

undervaluation (Abarbanell & Bushee, 1998). These limitations mean that a large proportion 

of companies listed on the stock market are less conductive to fundamental analysis, thus 

decreasing its general usefulness.  

2.3	  High	  Book-‐to-‐Value	  Investment	  Strategies	  

Book-to-market ratio compares a company’s book value to its market value, thus meaning 

that high book-to-market companies have relatively low market value compared to their book 

value. Investment strategies based on the grounds of investing in financial assets with high 

book-to-market value have received a great deal of attention within the research sphere during 

the last few decades. This has resulted in a number of studies showing that a portfolio of high 

book-to-market firms outperforms the portfolio of low book-to-market firms and even the 

corresponding market (Fama & French, 1992; Lakonishok, Schleifer & Vishny, 1994; 

Piotroski, 2000; Rados & Lovric, 2009; Rosenberg, Reid & Landstein, 1984).  

The higher returns of high book-to-market companies, as compared to the low book-to-market 

portfolio and even the market as a whole, can be reconciled with efficient market hypothesis 

as well as be attributed to market inefficiency (Piotroski, 2000), as previously explained in the 

section about efficient market hypothesis. According to the efficient market hypothesis, the 

strong performance of high book-to-market companies would be risk compensation, as the 

companies of this character are often experiencing financial distress, thus being riskier (Fama 

& French, 1992, 1995). However, the high returns of high book-to-market portfolio can even 

considered to be a consequence of mispricing of financial assets in question, implying market 

inefficiency (Lakonishok et al, 1994). This irrational pricing later being corrected results in 

higher average returns of the high book-to-market portfolio. The underlying cause of 

mispricing is attributed to the expected earnings growth being set too low, as the high book-
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to-market portfolio consists of neglected stocks with prior low performance (Ibid). As 

analysts prefer recommending companies with strong recent performance, high book-to-

market companies get neglected and underpriced (Piotroskis 2000). 

That being said, high book-to-market companies, the value stocks, are more conductive to 

fundamental analysis, than the low book-to market companies, the glamour stocks (Ibid).  The 

reason for this is that the glamour stocks are often evaluated on the basis of non-financial 

information and stock price changes are often momentum driven (Asness, 1997). On the 

contrary, the valuation of value stocks should be based on careful analysis of the changes is 

company fundamentals such as profitability, financial leverage, cash flow adequacy and 

financial leverage (Piotroski, 2000). The assessment of these changes is most effectively 

performed by a dubious examination of historical financial statements, i.e. fundamental 

analysis (Ibid). Consequently, the usage of fundamental analysis in order to identify future 

strong performers among high book-to-market companies can be highly beneficial for 

forming a successful trading portfolio. 

2.4	  Prior	  research	  

One of the pioneer articles within the field of fundamental analysis is the Financial statement 

analysis and the prediction of stock returns (1989) by Ou and Penman. Ou’s and Penman’s 

research was grounded on using a large set of information available from historical financial 

statements in order to form a single measure representative of a company’s future 

performance. The investment strategy based on this measure has resulted in outperforming the 

average return rate of the corresponding market, i.e. generating abnormal returns.  

Lev and Thiagarajan (1993) built their study on the previous research conducted on the 

subject, while focusing on investigation of value relevance of the key value drivers identified 

by using fundamental analysis. Their research rendered twelve different fundamentals that 

according to their results could predict company future performance - inventory, accounts 

receivable, capital expenditure, gross margin, sales and administrative expenses, provision for 

doubtful receivables, effective tax, order backlog, labor force, LIFO earnings and audit 

qualifications. Their methodology was built on comparing annual percentage changes of these 

signals to the percentage change in revenues in order to evaluate whether the company was 

heading in the right direction. Their results have shown that these fundamentals ameliorate the 
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explanatory power of earnings by circa 70% when it comes to their relation to abnormal 

returns (Lev & Thiagarajan, 1993).  

Abarbanell and Bushee (1998) extended this research further by examining whether 

fundamental analysis can be useful for predicting abnormal returns by using a sample that is 

market representative. They did so by identifying signals underused by the market and chose 

a total of nine signals. After analyzing these nine signals, they chose to buy the companies 

with high fundamental scores whilst short selling the companies with the low scores. By 

doing so, the authors managed to yield an average of 13,2% abnormal return in a period of 

twelve months.  

Piotroski (2000) conducted his research with the purpose to examine whether fundamental 

analysis can be used in order to predict which high book-to-market firms will perform 

strongly in the future, thus forming a portfolio that would generate high returns. His model 

builds on an aggregate score of nine different fundamental signals, where every signal has 

been given equal importance. When positive, the signal is awarded a value of one, and zero 

otherwise. The Piotroski model is explained more in detail in the methodology section of this 

paper. Piotroski’s results, being robust across time, show that the investor can increase the 

returns of her/his portfolio by at least 7,5% annually by using fundamental analysis to 

differentiate strong from weak performing companies from a high book-to-market portfolio. 

Moreover, an investment strategy of this kind where one would buy prospective winners and 

short-sell expected losers would have generated an annual return of 23% during the period 

between 1976 and 1996. One important conclusion of Piotroski’s research (2000) is that the 

usefulness of this strategy decreases in environments where information dissemination is 

rapid, e.g. smaller stock markets.  

Rados and Lovric (2009) conducted their research going rather in Piotroski’s footsteps. Their 

criticism of Piotroski’s model was focused on the model being rather simple in its nature, 

which could have lead to a significant amount of useful information being omitted. 

Subsequently, the authors developed and tested the results of using models where the nine 

signals have been weighted according to their relative importance and strength. While all of 

their models showed stronger results than the original Piotroski model, the one in which the 

signals are awarded coefficients according to their relative strength as well as coefficients 

according to their strength of their correlation to stock returns and where the companies where 
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high scores were bought and the ones with low scores were shorted, they were able to 

generate a return of 42% on an annual level (Rados & Lovric, 2009). Further information 

about these models is given in the methodology section of this paper.  

The starting point for most of the above mentioned research papers and their investment 

strategies has been the premise that the market is not fully efficient. Even though the 

researchers are aware of the effect that eventual risk factors could have played in their 

research, the general conclusion is that the success of the presented investment strategies 

relies on the market not entirely and timely incorporating information available in historical 

financial statements. The abnormal returns generated by these investment strategies are 

evidence against market efficiency hypothesis, thus undermining its universal validity.  

2.5	  The	  Hypotheses	  

After consideration of the theoretical framework including the earlier research done in the 

field, we have been able to draw four hypotheses that have later been used as guidelines in our 

tests and analysis. These hypotheses reflect our expectations when it comes to results of our 

empirical test and will be either confirmed or discarded in the discussion of the results and the 

paper’s conclusion. It is important to note that all of the hypotheses below regard our 

sample’s time frame, i.e. 1999-2008.  

H1: Investing in a portfolio consisting of high book-to-market companies from Stockholm 

Stock Market in average outperforms the returns of the corresponding market index. 

This hypothesis is to be used as an important indication of the companies with high book to 

market ratios being underpriced due to pessimism. It is furthermore to be used as a reference 

point for the evaluation of the models being tested.  

H2: Distinguishing strong from week companies in the high book-to-market portfolio using 

the Piotroski model generates higher returns than the whole high book-to-market portfolio. 

The second hypothesis is derived so as to give an indication of the usefulness of the 

fundamental analysis when applied to high book-to-market portfolio. Moreover, it is useful 

for evaluation of market efficiency.  
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 H3: Increasing the amount of information in the Piotroski model by including the 

information about the relative importance and strength of the positive fundamental signals as 

done by Rados and Lovric (2009), leads to even stronger returns. 

H4: Increasing the amount of information for both positive and negative fundamental signals 

considering their importance and relative strength, yields even higher abnormal returns than 

both Piotroski’s (2000) and Rados’s and Lovric’s (2009) models do.  

The final two hypotheses are crucial for determining whether adding the information to the 

models improves the results of the investment strategies. These are even to be used as 

indicators of market fully and timely capturing fundamental information.  

3.	  Methodology	  

3.1	  Data	  gathering	  and	  sample	  choice	  

We conducted the data gathering using Thomson Reuters’s Datastream (hereinafter 

Datastream), which has been used earlier for research purposes. This service has enabled us to 

gather a large quantity of different types of data while providing reliable figures. We have not 

questioned Datastream as a source. The data consists partially of information from financial 

statements, which is basis for financial analysis and partially of price related information from 

the stock market used for calculating returns of the different investment models.  

3.1.1	  The	  Sample	  Time	  Frame	  
We have tested the results of the above-presented models for conducting the fundamental 

analysis for the years 1999 to 2008. The time period that corresponds to all data gathered has 

been somewhat extended, as financial statement information from a year before was needed 

for conducting fundamental analysis for every year and due to price information for 

subsequent years being needed for calculations of returns. Therefore, we can say that our 

primary sample consists of the companies from the Stockholm Stock Exchange during the 

period between 1999 and 2008, while the extended data sample has covers years 1998 to 

2011.  

The decision on the sample has been made after careful consideration of earlier studies, 

information availability as well as eventual benefits and drawbacks that alternative samples 

would have had. Firstly, we wanted the data be as recent as possible. Secondly, we have 
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found that the time period observed should be long enough so as to be able to observe 

whether the generated returns of different investment strategies are persistent over the years. 

Furthermore, the choice of a sample stretching over long time periods captures different states 

of economy enabling the results to be tested both under good years and recessions. Having 

that in mind, we have chosen to test the different investment strategies for the time period of 

ten years strongly believing that this affects the relevance and reliability of our results in a 

positive manner. Finally, going back in time beyond 1998 had strongly decreased information 

availability. As this resulted in very few observations, we chose not to include years prior to 

1998 in our sample.  

3.1.2	  The	  Stock	  Market	  Choice	  
As stated above, our sample consists solely of companies that are listed on the Stockholm 

Stock Exchange. We have reached this decision contemplating on the fact that most of the 

research in this field has been done analyzing the data from the USA, and more specifically 

different stock markets in New York. Therefore, we wanted to test our hypotheses and 

determine whether the different investment models presented in this paper can been used in 

the Stockholm Stock Exchange. Firstly, the Stockholm Stock Exchange has fewer companies 

that its American equivalents. We also believe that it is reasonable to assume that the number 

of investors and number of financial analysts following the market is smaller on the 

Stockholm Stock Exchange, which could have implications on the information dissemination, 

market efficiency and thereby the result of the different investment strategies that we have 

chosen to evaluate. We find this to be an important factor for differentiating our study from 

previous research and contributing to the research field.  

We started the data gathering process by collecting the relevant financial information for all 

the firms present on the Stockholm Stock Exchange. This means that we have included the 

companies on all the sublists of stock market, Large Cap, Mid Cap and Small Cap, based on 

the firm market capitalization (NE, 2011). The data extracted from Datastream for the period 

between 1998 and 2011 included 3976 observations. Thereafter, certain firm-year-

observations have been excluded from the sample. These are the ones that during the year in 

question have yet not been listed on the stock market or that were subsequent to eventual 

delisting as well as those firm-year-observations which lacked the information necessary for 

calculating book-to-market ratio, some of the nine signals or investment returns. So as to 

avoid survivorship bias, the companies that delist at some time point during our sample period 
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have been retained in the sample until they delisted. After eliminating the above-mentioned 

groups, our sample was decreased to 2724 firm-year-observations.  

3.1.3	  The	  Primary	  Sample	  Choice	  
Afterwards, further steps that are in line with earlier research have been made in order to 

choose a portfolio of high book-to-market firms, which is the focus of our research. The 

starting point has been the book-to-market ratio, extracted from Datastream for the dates on 

which the portfolios have been formed. Firstly, the companies with extreme book-to-market 

values were identified by using a scatter plot diagram and eliminated accordingly. Secondly, 

the companies with book-to-market ratios outside two standard deviations from the mean 

were also excluded. The underlying reason for eliminating these extremes has been obtaining 

a sample that is not heavily distorted by extreme values. Thereafter, we chose our high book-

to-market portfolio from the remaining firm-year-observations as the highest book-to-market 

ratio quintile. Subsequently, we got our final primary sample consisting of 312 firm-year-

observations for years 1999 to 2008 for which different fundamental scores and 

corresponding returns have been calculated. 

3.1.4	  Criticism	  of	  The	  Data	  Gathering	  and	  The	  Sample	  Choice	  
Reflecting on the data gathering process, the information that was available using Datastream 

was occasionally limited. We could observe that excluding firm-year-observations with 

incomplete information has lead to companies operating in the financial and real estate sector 

landing outside our sample. We assume variations in accounting regulations for these types of 

companies to be the cause. However, we are uncertain whether that is the case. Similarly, we 

observed a large loss of observations when trying to extract information on current assets and 

liabilities for reasons unknown to us. Although looking into other sources could have possibly 

done locating this missing information, we have chosen not to conduct this search partly in 

order to make a fair comparison between the companies and partly because of the time issue. 

We are though aware that this could have given us a more complete study.  

3.2	  The	  Piotroski	  Model	  

The first model that we used for forming of the trading portfolios is the Piotroski model 

(2000). The model is based on nine different fundamental signals designed to capture three 

important areas of a firm’s financial reality - profitability, financial leverage/liquidity and 

operational efficiency. The signals are binary and interpreted as either good or bad. 
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Consequently, if a signal is considered to be positive, it is given a value of one. Similarly, a 

negative signal is awarded a value of zero. The final aggregate score, the so-called F_Score, 

represents a sum of the nine different signals, which results in a scale ranging from 0 to 9. 

This score is used as a measure of the company’s financial strength and future financial 

prospect, where a higher score implies a stronger future perspective of the firm.  

The first group of Piotroski’s signals measure profitability. These are return on assets (ROA), 

cash flow from operations (CFO), change in return in assets from the previous year  (∆ROA) 

and accruals (Accr). ROA represents net income before extraordinary items scaled by the 

beginning of the year total assets, whilst CFO represents the measure of cash flow from 

operations scaled likewise. The signals are positive (negative) if ROA or CFO are higher 

(lower) than zero, and their corresponding signal values F_ROA and F_CFO are accordingly 

given the value of one (zero). In a similar manner, ∆ROA is defined as the current year’s 

ROA decreased by ROA from the year before. F_∆ROA equals one if ∆ROA is higher than 

zero, or it equals zero if otherwise. Accr represents the difference between net income before 

extraordinary items and cash flow from operations, scaled by the beginning of the year total 

assets. The F_Accr is positive if the scaled CFO exceeds the scaled ROA and is given the 

signal value of one, and zero otherwise.  

The following group of signals consists of the change in leverage (∆Lever), the change in 

liquidity (∆Liquid) and new equity offering (EQ_Offer). These signals are used as indicators 

of ability to meet future debts and capital structure. ∆Lever measures the changes in the ratio 

of long-term debt to average total assets. An increase (decrease) in leverage ratio is 

considered a negative (positive) signal, i.e. the firm not being able to generate sufficient 

internal funds. F_∆Lever is given a value of zero (one) accordingly. ∆Liquid measures the 

historical change in the ratio between current assets and current liabilities. An increase 

(decrease) in liquidity is perceived as a positive (negative) signal, and F_∆Liquid is given a 

value of one (zero). EQ_Offer is positive if the firm has not issued common equity during the 

previous year, in which case it receives the signal value of one, and zero otherwise.  

The final group consists of two signals used as indicators of operating efficiency. ∆Margin 

represents a historical change of a firm’s gross margin ratio, defined as gross margin scaled 

by total sales. ∆Turn is calculated as a historical change of a firm’s asset turnover, defined as 



Uppsala University                                                                                Department of Business Studies	  
Bachelor Thesis                                                                                                    Andersson & Draskovic 
 

 18 

total sales scaled by total assets at the beginning of the year. When these values are positive 

(negative), F_∆Turn and F_∆Margin obtain the value of one (zero). 

These scores and subsequently the aggregate F_Score are calculated annually for all the 

companies in that year’s high book-to-market portfolio and used to discriminate between 

strong and week companies in this portfolio. The companies with high F_Scores (8 and 9) are 

included in the portfolio for buy-and-hold strategy, whilst the ones with low F_Scores (0 and 

1) are chosen to be short-sold. The portfolio forming and the trading strategy are explained 

more in detail below.  

The Piotroski model has subsequent to its publishing received a great deal of attention and 

positive critics. However, the model has even received negative criticism, as valuable 

information could have been lost due to the model being binary and overly simple. This has 

lead to research that sought to find improvement for this model. Some of the resulting models 

are the ones that Rados and Lovric (2009) developed.  

3.2	  Rados	  and	  Lovric	  Models	  

The starting point for Rados and Lovric’s (2009) research has been the Piotroski model 

(2000), which they sought to improve. It resulted in three different models - A, B, and C 

model - each of which captures more information than the Piotroski model, and where the C 

model is the aggregate of the A and B models, thus being the most advanced and even 

reaching the highest returns. In the A model, each of the Piotroski’s nine signals have been 

weighted with its correlation coefficients to returns. For the C model both the correlation 

coefficients and relative strength coefficients, which capture how positive or negative a signal 

is, have been used.  

3.2.1	  The	  Correlation	  Coefficients	  
Rados and Lovric (2009) chose to use Spearman’s correlation coefficients in order to weight 

the signals so as to capture the importance of each of them for future returns. For instance, a 

F_CFO signal might be more strongly correlated to future returns than the EQ_Offer is, and 

the authors believed that this should be reflected in the fundamental models they developed. 

The correlation coefficients that Rados and Lovric (2009) calculated were very similar to the 

ones that Piotroski calculated, but never used in his model, which resulted in the authors using 

Piotroski’s correlations for their further calculations. As our sample consists of the firms from 

another stock market, we were unable to do the same. Therefore, when testing Rados’s and 
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Lovric’s model we have used our own calculations of Spearman’s correlations between the 

nine signals and the corresponding returns. These calculations have been based on our 

extended sample, covering 327 observations during the period 1998-2008, and these can be 

found in the Appendix to this paper.  

In the beginning, our concern was that the investor could not have been able to calculate and 

use these in for example year 2000. However, our correlation calculations were very similar 

to Piotroski’s, which can also be found in the Appendix. This, we believe, justifies their usage 

in our model, as using Piotroski’s correlations would have given a marginal difference. 

Furthermore, we are more interested in the concept of fundamental analysis and the 

usefulness of increasing the amount of information than the practical implications, which 

further justifies our choice. As the correlation calculations were based on an aggregate sample 

consisting of all the firm-year-observations, the correlation coefficients that we have used for 

weighting the signals are the ones with the market-adjusted returns, i.e. raw return decreased 

by the market index returns. We believe that this choice was appropriate because these 

coefficients are adjusted for temporary changes on the market level and thereby more 

comparable throughout the years.  

The signals with highest correlation to returns were F_CFO and F_∆Lever with a correlation 

of 0,143 and 0,125 respectively. Furthermore, F_ROA, F_Accr, F_∆Turn and F_∆Liquid 

showed correlations of 0,076, 0,071, 0,087 and 0,081. Both ∆ROA and ∆MARGIN have 

shown correlation coefficients of 0,005 and EQ_Offer of 0,042. Subsequently, each signal has 

been multiplied by its corresponding correlation coefficient and one hundred, so as to make 

the resulting scores more readable. This multiplication has therefore not influenced are firm 

choices.  

3.2.2	  Relative	  Strength	  Coefficients	  
The other piece of information captured by the Rados’s and Lovric’s C Model is relative 

strength coefficients (RSC) which capture how positive or negative a signal is. The firms in 

the highest book-to-market quintile were ranked in quintiles according to nominal value for 

each of the signals. The quintiles are assigned values from 1, 0,8, 0,6, 0,4 and 0,2 where the 

highest quintile was awarded 1 and the lowest 0,2, all others accordingly. When negative, the 

signals received the value of zero.  
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3.2.3	  A	  Model	  and	  C	  Model	  
The A model as developed by Rados and Lovric (2009) uses the correlation coefficients in 

order to weight the corresponding fundamental signals. This is done by multiplying the binary 

value of each signal by the correlation coefficient. Finally, the aggregate A_Score has a scale 

between zero as the lowest, and 63,5 as the highest. 

The C model uses even the relative strength coefficients. Here for every signal, the binary 

value is multiplied by corresponding correlation coefficient as well as the relative strength 

coefficients, resulting in the aggregate C_Score having the same scale as the A model, from 

zero to 63,5. However, due to the relative strength coefficients being equal to or lower than 1, 

the C_Scores will be skewed to the left compared to the corresponding A_Scores. Choosing 

to test both the A and the C model allowed us to make comparisons and being able to analyze 

as to whether including more information in form of relative strength coefficients in the 

model results in higher returns.  

3.3	  Our	  Models	  –	  EDA	  and	  EDC	  Models	  

Our models build on the work of Piotroski (2000) and Rados and Lovric (2009), 

implementing certain adjustments. The reason for modifying the models by Rados and Lovric 

is that when a signal is negative, and thus given a binary score of zero, the information of the 

relative importance on the signals achieved by including correlation and relative strength 

coefficients is lost for obvious reasons. In our models, a positive signal will be given a value 

of +1 and than a negative signal will be given a score of -1 instead of a zero. We believe that 

this leads to greater information being captured. A negative signal will not just be neutralized, 

but it is instead going to lead to a decrease in the score. We believe that this is good because 

the negative signals will gain on importance making it easier to predict eventual financial 

trouble.  

Our first model, EDA model, corresponds to Rados’s and Lovric’s A model where the +/-1 

values for the nine signals have only been multiplied by the correlation coefficients. The 

aggregate EDA_Score therefore has a scale between -63,5 and +63,5.  

Our second model, EDC model, is similar to Rados’s and Lovric’s C-model where the +/-1 

signal values have been multiplied by both correlation coefficients and relative strength 

coefficients. The modification has been done when calculating the relative strength scores as 

these are now awarded based on the absolute value for the nine signals and given even to the 
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negative signals. The resulting aggregate EDC_Score has the same scale as EDA_Score, 

however with EDC_Scores being more skewed to the value of zero because of the relative 

strength coefficients.  

Table 1. Fundamental Signals According to Different Models 

Signals Correlation Sign F A C EDA EDC 
ROA 0.076 positive 1 7.6 RSC* x 7.6 7.6 RSC x 7.6 

negative 0 0 0 -7.6 RSC x -7.6 
CFO 0.143 positive 1 14.3 RSC x 14.3 14.3 RSC x 14.3 

negative 0 0 0 -14.3 RSC x -14.3 
∆ROA 0.005 positive 1 0.5 RSC x 0.5 0.5 RSC x 0.5 

negative 0 0 0 -0.5 RSC x -0.5 
Accruals 0.071 positive 1 7.1 RSC x 7.1 7.1 RSC x 7.1 

negative 0 0 0 -7.1 RSC x -7.1 
∆Lever 0.125 positive 1 12.5 RSC x 12.5 12.5 RSC x 12.5 

negative 0 0 0 -12.5 RSC x -12.5 
∆Liquid 0.081 positive 1 8.1 RSC x 8.1 8.1 RSC x 8.1 

negative 0 0 0 -8.1 RSC x -8.1 
EQ_Offer 0.042 positive 1 4.2 RSC x 4.2 4.2 RSC x 4.2 

negative 0 0 0 -4.2 RSC x -4.2 
∆Turn 0.087 positive 1 8.7 RSC x 8.7 8.7 RSC x 8.7 

negative 0 0 0 -8.7 RSC x -8.7 
∆Margin 0.005 positive 1 0.5 RSC x 0.5 0.5 RSC x 0.5 

negative 0 0 0 -0.5 RSC x -0.5 
Final Score 
(Aggregate) 

 Max 9 63.5 63.5 63.5 63.5 
 Min 0 0 0 -63.5 -63.5 

* Relative Strength Coefficient 

 

3.3	  Trading	  strategy	  and	  return	  calculations	  

The purpose of the models is to them to form a portfolio that will yield abnormal returns 

under assumption that the market underuses the information content they provide. The 

different portfolios are formed as described below. 

For each of the years in the primary sample (1999-2008), we chose our high book to market 

portfolio based on the companies’ book-to-market ratio on the last day of April following the 

year-end. This date is in line with Piotroski (2000) and is done to ensure that the relevant 

financial information has been released and reached the potential investors. Although we are 

aware that some companies have different fiscal year ends than the 31th December, this did 

not affect our portfolio formation and trading strategies, as we believe that quarter reports for 

such firms provide enough information for conducting the fundamental analysis. Choosing to 
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do buy such stocks at different dates would have deteriorated the comparability of the results 

as these they would have been affected by different market returns. However, we are aware 

that this alternative method would have given as somewhat different results.  

We have calculated the different scores for the companies in the high book-to-market 

portfolio according to the models, as observed in the table, for each of the years 1999-2008. 

Based on the scores, we choose the companies for the other portfolios which we then buy or 

lend on the last day of April at closing price, which is in line with Piotroski (2000). The 

companies with high scores were chosen for one-year and two-year buy and hold strategy. 

Similarly, the firms with low scores were chosen for one-year and two-year short sell strategy, 

which involves borrowing and selling the borrowed stock so that the money is earned as the 

stock decreases in value (Dechow et al., 2001). Combining these two portfolios resulted in a 

joint portfolio, consisting partially of buy-and-hold candidates and partially of short-sell 

candidates.  

For Piotroski’s model, the companies with scores 8 or 9 have been chosen as buy and hold 

candidates, and the companies with scores 0 and 1 as short-sell candidates. For Rados’s and 

Lovric’s models, A and C model, the companies with scores between 42,33 and 63,5 have 

been chosen as buy-and hold candidates and the ones with scores between 0 and 21,17 as 

short sell candidates. Finally, when using our models EDA and EDC, the firms that were 

awarded scores between 21,17 and 63,5 were marked as buy and hold candidates, whilst the 

ones with cores between -63,5 and -21,17 were chosen as short-sell candidates. This can be 

observed in the table below.  

Table 2. Trading Portfolio Fundamental Scores 

  F_Score A_Score C_Score EDA_Score EDC_Score 
Final Score Max 9 63.5 63.5 63.5 63.5 

Min 0 0 0 -63.5 -63.5 
High Score Max 9 63.5 63.5 63.5 63.5 

Min 8 42.33 42.33 21.17 21.17 
Low Score Max 1 21.17 21.17 -21.17 -21.17 

Min 0 0 0 -63.5 -63.5 

The reason for choosing these limits is that we believe that these allow a good differentiation 

between the companies having high respective low scores, while ensuring that we have 

enough observations in the different portfolios. That being said, we felt that expanding the 

limits to include more observations would have compromised the mentioned differentiation, 
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at the same time as shrinking the limits would have compromised the reliability of the results 

as very few companies would be included in the portfolios. This is however an issue worthy 

of further consideration as it can have strong implication on the return results. Due to this, we 

have even calculated the correlation coefficient of all the final scores to raw and market 

adjusted return, in order to show the prediction power of the different models irrespective of 

the arbitrage limits for the trading portfolios. Thus, this is valuable information about 

statistical significance of the results of the different models. As we have done calculations on 

the whole population resulting from the previously determined criteria, our results cover all 

the firm-observations fulfilling the criteria. Therefore, no further statistical test apart from the 

correlation calculations have been conducted. 

The buy-and-hold candidates were, as previously explained, bought on the last day of April 

following the year stated as the sample year, and held for exactly a year for one-year buy-and-

hold, or for two years for two-year buy and hold. The returns for buy-and-hold candidates 

were calculated in a manner that included dividend payouts. Analogical method was used for 

short-sell candidates, except their returns excluding eventual dividend payouts, which is in 

line with rules for short selling. More detailed information about the calculation of returns can 

be found in Appendix to this paper. Finally, our portfolios include one stock of each of its 

candidates meaning that the portfolios and their returns are price-weighted. The reason for 

this is that low priced stocks often show great volatility, which we did not want to distort the 

result to a large extent. Using this portfolio formation method leads therefore to more stable 

results.  

Both raw returns and market-adjusted returns are calculated. The focus in the paper has been 

put to market adjusted return, as we find these to be more useful for comparing the 

performance of portfolios during longer periods. The market-adjusted returns for the buy and 

hold candidates were calculated as the raw returns decreased by the market returns. The 

market-adjusted returns for the short-sell portfolios, which are expected to show negative raw 

returns in order for the investor to earn money, were calculated as raw returns increased by 

the market returns. This was done in order to capture the opportunity cost of short selling. 

Therefore we believe that the abnormal returns of short selling are generated when the 

portfolio decreases more in value than the market gains. The market adjusted returns for the 

joint (hedge) portfolio, which consist of both buy-and-hold and short sell portfolio is 

calculated as the raw return of buy-and-hold portfolio decreased by the raw return of the 
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short-sell portfolio and by the market returns. The data needed for these calculations was 

available on Datastream. Finally, years with have no observations are excluded from 

calculations for yearly average returns.  

4.	  Empirical	  Results	  and	  Discussion	  
For the one-year buy-and-hold strategy, stocks were bought on the last day of April the year 

following the reported year at close price. For example, one-year buy-and-hold portfolio for 

2006 is stock bought on the last day of April 2007 and sold on the last day of April 2008, as 

fundamental analysis is conducted on 2006 information. The two-year returns represent 

aggregate returns for buying a stock on the last day of April following the reported year and 

selling the stock after exactly two years. The calculation and presentation of the results for 

short sell and hedge portfolios are done accordingly, and the focus is put on 1-year returns.   

4.1	  The	  High	  Book-‐to-‐Market	  Portfolio	  

Table 3. 1- and 2 year market adjusted returns for the high book-to-market portfolio 

 1Y 2Y N 
2008 -0,136 -0,172 42 
2007 0,020 -0,068 37 
2006 -0,032 0,006 34 
2005 0,003 -0,029 33 
2004 0,213 0,361 31 
2003 0,112 0,478 32 
2002 0,178 0,515 29 
2001 0,213 0,387 26 
2000 0,574 0,802 23 
1999 0,524 0,751 25 

All years 0,167 0,303 312 
 

The results that can be observed in the table above show that buy-and-hold portfolio in the 

high book-to-market portfolio during the period between 1999-2008 would have generated 

average abnormal returns of 16,7% on annual level. The corresponding number for the 

aggregate two-year buy-and-hold strategy would have yielded 30,3% abnormal return. These 

results are in line with the premise that investing in value stocks generates abnormal returns 

(Abarbanell & Bushee, 1998; Piotroski, 2000), which resulted in high book-to-market 

portfolio rendering abnormal returns. The results thus support the first hypothesis. The 

explanation for the results can, according to our theoretical framework, be the companies of 

this character being undervalued due to an irrational pessimism of market participants (Ibid). 

At the same time, there is an alternative explanation, which would attribute the results above 
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to a high risk that these companies have (Fama & French, 1992, 1995). The first explanation 

contradicts efficient market hypothesis, whilst the second one is agreeable it.  

Table 4. Number of firms in the sample with positive respective negative market-adjusted returns  

 Market Adjusted Returns 
 Total Positive Negative 

1999 25 25 0 
2000 23 22 1 
2001 26 23 3 
2002 29 19 10 
2003 32 22 10 
2004 31 22 9 
2005 33 18 15 
2006 34 16 18 
2007 37 16 21 
2008 42 16 26 

All Years 312 199 113 
Percentage 100% 63.8% 36.2% 

 

Looking at Table 2, we observe that the proportion of companies rendering abnormal returns 

is as high as 63,8%, which leads us to the conclusion that the abnormal returns are quite 

persistent over the years for this portfolio. The persistence of the abnormal returns, as we see 

it, sheds a further doubt on the market efficiency hypothesis (Malkiel, 1985). However, 

further statistical tests and risk calculations would have to be done in order to draw a final 

conclusion on market (in)efficiency, which is outside this paper’s framework, but nonetheless 

an interesting subject for future research. Furthermore, the percentage of companies in this 

portfolio unable to generate abnormal returns has been increasing during the years. The 

underlying reason for this could be the market becoming more efficient and not mispricing the 

high book-to-market stocks. We are however not certain whether this is the explanation for 

this phenomenon.  

Finally, the above-presented proportions imply that it can be beneficial to differentiate 

financially strong companies from the week ones when forming trading portfolios. Such a 

method that is able to identify the companies with high future performance and the companies 

with negative abnormal returns would consequently lead to forming portfolios with returns 

outperforming both the market index that the high book-to-market portfolio. Moreover, this is 

a positive indication for the paper’s second hypothesis.  
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4.2	  The	  Piotroski	  Model 

Table 5. 1- and 2 year buy-and-hold market adjusted returns when using Piotroski’s model.  

 High F_Score Low F_Score High-Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 

2008 -0,305 -0,152 2 - - 0 -0,305 -0,152 
2007 -0,134 -0,203 1 - - 0 -0,134 -0,203 
2006 0,038 0,103 6 - - 0 0,038 0,103 
2005 0,133 -0,301 6 - - 0 0,133 -0,301 
2004 0,606 1,091 13 - - 0 0,606 1,091 
2003 0,497 1,603 3 - - 0 0,497 1,603 
2002 0,346 0,529 3 0,545 1,171 1 0,183 -0,118 
2001 - - 0 - - 0 0,000 0,000 
2000 0,346 0,410 3 - - 0 0,346 0,410 
1999 0,683 0,560 2 - - 0 0,683 0,560 

All Years 0,245 0,404 39 0,545 1,171 1 0,227 0,333 
 

During some of the sample years, there were no observations that qualified as either buy-and-

hold or short sell candidates. However, the Piotroski model succeeded in beating the market 

when used on our sample, as it did in the USA (Piotroski, 2000; Rados&Lovric, 2009). The 

portfolio outperformed the market index by 24,5% on yearly average for one-year buy-and-

hold strategy and by 40,4% for the corresponding two-year strategy.  

The original Piotroski model has shown a substantial increase in returns when compared to 

high book-to-market portfolio. The Piotroski model outperformed the high book-to-market 

portfolio by 7,8 percentage points in for one-year and by 10,1 percentage points aggregately 

for two-year buy-and-hold in average. This indicates that the abnormal returns are persistent 

in the second year subsequent to the forming of the portfolio. Therefore, we draw the 

conclusion that value investing can further be improved by using fundamental analysis to 

identify the strong companies in the high book to market portfolio, which is in line with our 

second hypothesis and Piotroski’s conclusions (2000). The underlying reason for this, as we 

believe, can be the market not using this information fully and in a timely manner.  

On the other hand, the model has not been successful for identifying short selling candidates. 

Firstly, only one firm in the sample qualified as such. Secondly, it generated a positive 

abnormal return, in contrast to what was expected. The underlying reason for this could be 

that the negative signals receiving a value of zero get neutralized by this, rather than given on 

importance. This makes it hard to identify short-selling candidates using the F_Score in our 

sample. Consequently, the market-adjusted returns of the hedge portfolio were lower that the 

ones buy-and-sell portfolio rendered. This turned out to be a reoccurring issue in the study. 
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4.3	  The	  Rados	  and	  Lovric	  Models	  

4.3.1	  The	  A	  Model	  
Table 6. 1- and 2-year market-adjusted returns of the A Model-based portfolios 

 High A_Score Low A_Score High-Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 

2008 -0,038 -0,169 13 0,654 0,619 6 -0,213 -0,079 
2007 0,041 -0,074 18 -0,712 0,622 1 0,475 -0,629 
2006 -0,035 0,012 21 - - 0 -0,035 0,012 
2005 0,049 -0,050 19 0,165 -0,517 2 0,082 0.390 
2004 0,766 2,253 3 0,845 1,337 13 0,354 1,637 
2003 0,503 1,435 12 -0,142 0,643 6 0,734 1,360 
2002 0,219 0,351 11 0,702 1,163 4 -0,101 -0,288 
2001 0,610 1,140 8 -1,071 -0,798 4 1,153 1,590 
2000 0,588 0,778 16 - - 0 0,588 0,778 
1999 0,486 0,633 11 -0,783 -0,547 1 0,724 0,491 

All Years 0,319 0,631 132 -0,043 0,315 37 0,376 0,526 
 

As shown above, the one-year buy-and-hold portfolio based on A_Score yielded an annual 

average of 31,9% in abnormal returns. The corresponding two-year strategy shows 63,1% 

aggregate abnormal return on a two-year level, implying persistency. Moreover, we observe 

that this model is superior to the Piotroski model. This leads us to the conclusion that 

increasing information in the model, by including the relative importance of the positive 

signals, generates even higher market-adjusted returns. The results are supportive of the third 

hypothesis, and an indication of the market underusing the information the model captures.  

When it comes to the short-sell side of the model, we observe negative market-adjusted 

returns of 4,3% on average for one-year short-sell strategy, meaning that this model has been 

more successful at identifying low performing companies in the high book-to-market 

portfolio than the Piotroski model has. The reason for this could be the value of the added 

information. However, it can also be a consequence of the expanded limits for the low 

portfolio-qualifying candidates, when compared to the Piotroski model. 

Consequently, even the result for the hedge portfolio improved to reach average annual 

abnormal returns of 37,6%, resulting in the conclusion that increasing the information as done 

by the A model ameliorates the results. It is also important to state that the results of A_Score 

based portfolios on the Stockholm Stock Exchange are comparable and in line with the ones 

from the earlier research (Rados&Lovric, 2009), thus being supportive of the paper’s third 

hypothesis.  
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4.3.2	  The	  C	  Model	  
Table 7. 1- and 2 market-adjusted returns of C Model-based portfolios 

 High C_Score Low C_Score High-Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 

2008 -0,270 -0,372 1 0,626 1,009 17 -0,416 -0,673 
2007 0,004 -0,035 1 -0,454 0,127 9 0,179 -0,096 
2006 -0,040 -0,095 2 -0,402 -0,924 7 0,133 0,386 
2005 0,513 0,518 1 0,263 -0,291 7 0,448 0,731 
2004 0,766 2,253 3 0,845 1,337 13 0,354 1,637 
2003 - - 0 0,158 1,316 16 -0,158 -1,316 
2002 - - 0 0,925 1,496 12 -0,925 -1,496 
2001 - - 0 -0,934 -0,561 12 0,934 0,561 
2000 0,289 0,403 2 -0,179 -0,771 8 0,169 0,504 
1999 - - 0 -0,598 -0,733 12 0,598 0,733 

All Years 0,210 0,445 10 0,025 0,201 113 0,132 0,097 
 
We can immediately observe that only a small number of companies have had high enough 

scores so as to qualify for the C_Score buy-and-hold portfolio. Of the ten sample years, only 

six had observations that reaching High C_Score. Moreover, the returns generated in the C 

model buy-and-hold portfolio are lower than corresponding portfolios based on F_Score and 

A_Score. The reason for this could be the low number of observations in four of the sample 

years, which is very obvious when comparing to Table 4, where 63,8 % of all firms produced 

positive market adjusted figures. These results imply that the C model was not as successful at 

identifying buy-and-hold candidates as we expected. The underlying reason can be that the 

relative strength coefficients are value irrelevant in the way used in C Model, thus only 

making noise for portfolio formation.  

The short-selling side had significantly more observations than the buy-and-hold one. When it 

comes to Low C_Score portfolio, in order for the portfolio to show desired abnormal negative 

returns, it would have to render more negative returns than the market return yields positive 

returns. Here, the C model did not achieve this, as the average annual market adjusted returns 

showed a positive 2,5%, making the C model inferior to the A model.  

Considering the hedged portfolio, High-Low C_Score, its annual average of 13,2% is lower 

than the High C_Score portfolio, its corresponding A_Score portfolio and even the high book-

to-market portfolio. This is in contrast to the results of the previous research (Rados & Lovric, 

2009) and the third hypothesis. Therefore, we conclude that when applied to the Stockholm 

Stock Exchange, weighting the signals with their relative strength coefficients deteriorated 

rather than improved the results. This implies that the relative coefficients as used in the C 

model are value irrelevant for the investor.  
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4.4	  Our	  Models	  

4.4.1	  The	  EDA	  Model	  
Table 8. 1- and 2 year market-adjusted returns for EDA Model-based portfolios 

 High EDA_Score Low EDA_Score High_Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 

2008 -0,066 -0,206 16 0,654 0,619 6 -0,241 -0,117 
2007 0,040 -0,057 19 -0,712 0,622 1 0,473 -0,612 
2006 -0,035 0,012 21 - - 0 -0,035 0,012 
2005 0,034 -0,039 21 0,165 -0,517 2 0,067 0,400 
2004 0,664 1,177 13 - - 0 0,664 1,177 
2003 0,503 1,435 12 -0,142 0,643 6 0,734 1,360 
2002 0,239 0,313 12 0,702 1,163 4 -0,082 -0,326 
2001 0,563 1,067 11 -1,214 -1,000 2 1,249 1,719 
2000 0,588 0,778 16 - - 0 0,588 0,778 
1999 0,486 0,633 11 -0,783 -0,547 1 0,724 0,491 

All Years 0,301 0,511 152 -0,190 0,140 22 0,414 0,488 
 

The buy-and-hold returns of the High EDA portfolio yielded average annual returns of 30,1%, 

which is slightly lower than the High A_Score portfolio’s 31,9%. However, these returns have 

outperformed other above-presented portfolios. As the difference between the High EDA and 

High A portfolio is not almost marginal, the underlying reason is unclear. However, we can 

observe the larger number of observations in the High EDA portfolio which could be the 

reason for this difference, meaning that High A score profited from being more 

discriminatory. The result is not supportive of the fourth hypothesis. We find that we can still 

conclude that the EDA model was successful in identifying companies with strong future 

perspective, implying that market participants underuse the information it captures. 

At the same time, the short-selling side of the EDA model, the Low EDA portfolio, has 

generated negative abnormal returns of -19% on yearly average, implying its success when 

identifying companies with poor future performance. This means that our adjustments to the 

earlier models, which were designed to take greater consideration of the effect of negative 

signals, have achieved the desired results. The fourth hypothesis of this paper’s is thus 

supported by this result. The desired negative results of the Low EDA portfolio were however 

not persistent in the second year following the forming of the Low EDA portfolio.  

Combined in a hedge portfolio, High-Low EDA portfolio, market-adjusted returnr of 41,4% 

were generated, which is the highest hedge portfolio result of the research, which is 

supporting our fourth hypothesis. Moreover, these high market-adjusted returns imply that the 

market plausibly underuses the fundamental information captured by the EDA model, which 
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can be used as an argument against market efficiency. Again, further statistical proof is 

needed to support a conclusion of market inefficiency.  

4.4.2	  The	  EDC	  Model	  
Table 9.1- and 2 year market adjusted-returns for EDC Model-based portfolios 

 High EDC_Score Low EDC_Score High_Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 

2008 0,241 0,259 7 0,626 0,613 4 0,094 0,354 
2007 0,058 -0,052 14 - - 0 0,058 -0,052 
2006 -0,072 0,008 15 - - 0 -0,072 0,008 
2005 0,219 0,082 14 - - 0 0,219 0,082 
2004 0,664 1,177 13 - - 0 0,664 1,177 
2003 0,425 1,401 7 -0,182 0,496 4 0,695 1,473 
2002 0,093 0,199 5 0,715 1,170 2 -0,241 -0,446 
2001 0,719 1,381 5 - - 0 0,719 1,381 
2000 0,674 0,830 10 - - 0 0,674 0,830 
1999 0,487 0,607 6 -0,783 -0,547 1 0,725 0,464 

All Years 0,351 0,589 96 0,094 0,433 11 0,354 0,527 
 

As it follows from the table above, the buy-and hold portfolio, consisting of high EDC_Score 

companies, rendered annual abnormal returns of 35,1% on average. As this is the highest 

observed result when compared to the different buy-and-hold portfolios presented above, we 

can reach the conclusion that the EDC model has been the most successful model when it 

comes to identifying high book-to-market firms with high future performance. Including the 

information on both correlation coefficients and relative strength coefficients for both positive 

and negative signals has given the expected results. This moreover supports the two 

hypothesis stating that increased amount of information would contribute to higher returns. 

Moreover, it implies underuse of the fundamental information of behalf of the market.  

On the other hand, the Low EDC portfolio for which the short-sell strategy was conducted has 

not resulted in expected negative abnormal returns. Analyzing its failure to identify short sell 

candidates and making comparison to the other models, we conclude that capturing relative 

strength coefficients has just made noise when applied to this portfolio, which contradicts the 

hypotheses, which are in favor of increasing the information.  

Finally, the hedged EDC portfolio rendered excess returns of 35,4% on average annually, 

which is the third best for the hedge portfolios. The hedge portfolio returns have been 

deteriorated by poor performance of Low EDC portfolio.  
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4.5	  Results	  Summary	  and	  Further	  Discussion	  

Table 10. Average market-adjusted returns for all models 

 High Score Low Score High-Low 
 1Y 2Y N 1Y 2Y N 1Y 2Y 
F_Score 0,245 0,404 39 0,545 1,171 1 0,227 0,333 
A_Score 0,319 0,631 132 -0,043 0,315 37 0,376 0,526 
C_Score 0,210 0,445 10 0,025 0,201 113 0,132 0,097 
EDA_Score 0,301 0,511 152 -0,190 0,140 22 0,414 0,488 
EDC_Score 0,351 0,589 96 0,094 0,433 11 0,354 0,527 

	  

All models turned out to be better predictors of high performing firms than the low 

performing ones. The exception to this is the Low EDA portfolio. Part of the explanation 

could be the high book-to-market firms’ overall upward spiral during this period. A large 

portion, more than two thirds, of the firms in high book-to-market portfolio generated positive 

market adjusted returns. Thus, if randomly choosing a firm within this portfolio there was a 

high possibility of choosing a firm that would beat the market. The explanations for the 

models experiencing difficulties identifying low performing firms could be many. One 

probable cause might be the trouble predicting low performers during recessions when the 

market as a whole is declining. The market possibly does not react to negative signals to the 

same magnitude during a recession compared to the reactions in a flourishing economy. When 

examining the results of all presented models above, we can clearly see that years around 

2002 and 2008 was troublesome when choosing firms to short sell, which are the years of the 

IT-bubble crash and the recent financial crisis.  

Despite not being able to show the short-sell results we were hoping for, we observe that our 

models rendered some of the strongest portfolios in this study, as the EDC model yielded the 

highest returns for the buy-and-hold strategy, and the EDA model was the best performing 

one for short sell as well as the hedge strategy. That being said, all the models succeeded in 

outperforming the market. If the market were efficient and stock prices represented all 

available information and quickly adapted to new information, the results presented in this 

study would not be possible. A strong confirmation is the abnormal returns persisting in the 

second year after revealing a positive annual report.  

We also believe that the models could have generated better returns if we had kept the 

rigorous 80-100% of the maximum score, the differentiation would be more radical and 

maybe would have led to higher return. The High portfolios were now chosen as the firms in 
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with 66-100% of the maximum score and the Low portfolio as 0-33% of the maximum score 

for each model. If we had chosen the highest and lowest 20 %, we would have presented 

portfolios with very few firms. However, proceeding to do this could possibly have generated 

greater returns.  

As our arbitrary limits could have had a great effect on the portfolio formation and thereby 

results, we have calculated the correlation coefficients of all the models tested to returns. As 

focus throughout the paper has been put on market-adjusted returns, it is these correlations we 

present here, while others can be found in the Appendix.  The figure below allows us to 

analyze the success of the different models without being affected by the arbitrary limits for 

the different portfolios. 

Figure 1. Correlation of the different models to market-adjusted returns 

 

We observe that there are no significant discrepancies between the correlation coefficients 

and the results above, which mean that our arbitrary limits for the models have not distorted 

our results. Moreover, the correlation coefficients are generally supportive of our second, 

third and fourth hypotheses, with the exception of the C model that was deteriorated by the 

relative strength coefficients. Thus, using fundamental analysis and increasing the amount of 

information in the models leads to improvement of results. Finally, we even see that our two 

models, A model and especially C model, show highest correlation to market-adjusted 

returns, which is, as we see it, evidence of their success.  
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5.	  Conclusion 
The objective of this study has been to examine the usefulness of fundamental analysis on 

high book-to-market companies on the Stockholm Stock Exchange. We have done this by 

evaluation of different fundamental models - Piotroski model (2000), Rados and Lovric 

models (2009) and our models by examining whether these could have been able to yield 

abnormal returns between 1999 and 2008. Each of the models has somewhat different 

information content. The models we developed are based on giving the negative and positive 

fundamental signals equal importance, which has not been done previously. Furthermore, four 

hypotheses were drawn. These were based on different theories and related research and 

analyzed through the empirical results of this paper.  

H1: Investing in a portfolio consisting of high book-to-market companies from Stockholm 

Stock Exchange in average outperforms market returns.  

This hypothesis was confirmed as the portfolio generated average market-adjusted returns of 

16,7% on annual basis, with results being persistent in the following year. The reason for this 

could be the securities of this type being undervalued, which is dismissive of the market 

efficiency hypothesis.  

H2: Distinguishing strong from week companies in the high book-to-market portfolio using 

Piotroski model generates higher returns than the high book-to-market portfolio on the 

Stockholm Stock Exchange.  

This is supported by our results as Piotroski portfolio performed 6 percentage units higher 

than the high book-to-market portfolio. The results imply that the market underuses the 

fundamental information captured by this model, in contrary to efficient market hypothesis.  

H3: Increasing the amount of information in the Piotroski model by including the information 

about the relative importance and strength of the positive fundamental signals as done by 

Rados and Lovric (2009), leads to even stronger returns. 

This can neither be fully confirmed nor discarded. While the A model performed much 

stronger than the Piotroski, adding relative strength coefficients to the C model lead to a 

strong deterioration of results. Therefore, we can partially confirm this hypothesis, with the 

important reservation that not all the additional information is relevant information. 
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H4: Increasing the amount of information for both positive and negative fundamental signals 

considering their importance and relative strength, yields even higher abnormal returns than 

both Piotroski’s (2000) and Rados’s and Lovric’s (2009) models do.  

The fourth hypothesis was mostly confirmed by the returns results, and conclusively 

confirmed by the final correlation coefficients. Our EDC model had the highest results for 

buy-and-hold strategy, and our EDA was the most successful for the short sell strategy and 

joint portfolio. Furthermore, EDC and EDA model had the strongest correlation to market 

adjusted returns, comparing to the other models. This allows us to draw the conclusion that 

our improvement suggestions have been successful.  

Finally, we can conclude that use of fundamental analysis on our sample has been beneficial 

for rendering abnormal returns. Moreover, capturing more information that is value relevant 

while performing fundamental analysis improves the returns in most of the cases. 

Consequently, this puts an additional shed of doubt on the efficient market hypothesis, 

although being insufficient to discard the efficient market hypothesis.  

Thereby, we have fulfilled the aim of this study. However, it is important to state that there 

are limitations to our study. Firstly, our sample was quite small which decreases the statistical 

reliability of our study. At the same time, the models were tested on the whole population 

chosen upon previously determined criteria and show very strong results. Secondly, there is 

always a doubt about whether phenomenon observed in the past will persist in the future and 

therefore its practical applicability. Although uncertain of this, we tried to gain this reliability 

examining a long time period. Finally, the methodology chosen could have affected our 

results. This includes but it is not limited to the different calculations and the choice of 

arbitrary points such as high book-to-market and portfolio limits. We tried to neutralize this 

by working in line with previous research and performing additional calculations to confirm 

result. That being said, we strongly believe in the contribution this study gives to the research 

field.  

During the process of conducting our research, a number of questions surfaced that could be 

interesting for future research. Using these models to examine whether the market efficiency 

has improved or deteriorated over the years, testing their returns for different risk factors or 

doing a direct comparison for different stock markets would also, we believe, result in a 

valuable insight and contribution to the research field.  
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Appendix	  1.	  The	  Correlation	  Coefficients	  for	  Our	  Sample	  
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Appendix	  2.	  Piotroski’s	  Correlation	  Coefficients	  
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Appendix	  3.	  Correlation	  Coefficients	  of	  all	  the	  final	  models	  
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Appendix	  4.	  The	  Sample	  Example	  

The table below shows the companies of the high book to market portfolio for year 2008, 
their scores as calculated by different models and the corresponding raw and market-adjusted 
returns. Due to the space limitations of this paper, we are unable to show all the primary 
sample observations and the calculations done in Excel. Therefore, we hope that the table 
below gives the idea of how our model calculations are done. If you are interested in seeing 
the entire sample its corresponding calculations, you can contact us via Department of 
Business Studies, Uppsala University.  

Table A4. Observations for year 2008      
Here no consideration has been taken different stock of the same companies as their prices do not always match 

Dividend payouts are included in the calculation of the returns     

         
Stock F C EDC A EDA Raw 

Return 
1Y MA 

Ret. 
2Y MA 

Ret. 
BIOTAGE 3 10.4 -11.54 11 -36.5 -0.5198 -0.9991 -1.2716 
PRICER 'B' 3 17.98 -11.52 19.4 -24.7 1.3099 0.8307 -0.3222 
MICRONIC MYDATA 7 36.58 19.88 46.8 30.1 0.5700 0.0908 -0.1108 
BIOPHAUSIA 'A' 6 23.44 8.42 34.2 4.9 0.3104 -0.1689 -0.5601 
A-COM 6 39.24 22.52 42.2 30.9 0.4700 -0.0092 -0.3100 
INTOI 4 20.1 4.18 34.8 6.1 0.3895 -0.0897 0.1992 
MIDSONA 'B' 4 22.76 1.4 35.6 12.7 0.2097 -0.2696 -0.8654 
SAS 5 22.6 7.58 42.1 35.7 0.4960 0.0168 -0.1641 
RNB RETAIL AND BRANDS 5 26.08 13.2 41.3 19.1 0.9705 0.4913 0.3174 
STUDSVIK 7 22.84 18.6 50.5 37.5 0.1923 -0.2869 -0.3312 
SCA 'B' 3 19.88 -2.26 25.6 -12.3 0.6930 0.2137 -0.5941 
SCA 'A' 4 9.6 -24.16 20.5 -22.5 -0.1882 -0.6674 -1.2865 
PREVAS 'B' 8 43.12 32.06 49.8 46.1 0.2094 -0.2698 -0.3721 
ELECTRA GRUPPEN 7 25.18 13.3 45.4 47.3 0.1785 -0.3007 -0.2791 
ADDNODE 'B' 7 41.18 28.28 50.6 37.7 1.0833 0.6041 0.3127 
ELEKTRONIKGRUPPEN BK 'B' 4 21.7 2.1 33.7 3.9 0.5916 0.1124 0.4856 
HOLMEN 'B' 4 15.8 1.12 33.2 2.9 0.0752 -0.4040 -0.3524 
HOLMEN 'A' 2 7.04 -24.6 11.3 -40.9 0.3103 -0.1689 0.1769 
FEELGOOD SVENSKA 7 15.9 6.82 39.2 29.9 -0.1234 -0.6026 -0.8541 
BERGS TIMBER 'B' 4 15.98 -2.12 33.1 12.7 0.7414 0.2621 -0.6047 
DUROC 'B' 5 23.62 4.86 41.3 19.1 0.2229 -0.2563 -0.5032 
PARTNERTECH 4 16.2 2.94 31.1 -1.3 -0.1367 -0.6159 -0.5642 
REDERI AB TNSAT.'B' 5 23.62 4.76 41.3 19.1 0.2203 -0.2590 -0.4484 
CONCORDIA MARITIME 'B' 4 17.22 2.44 33.7 3.9 0.1769 -0.3023 -0.1256 
LAMMHULTS DESIGN GROUP 3 26.06 -6.42 29 -5.5 1.1314 0.6521 -0.2616 
BILLERUD 5 26.78 7.46 38.6 13.7 1.8264 1.3472 2.8285 
BILIA 'A' 8 33.36 31.92 49.3 55.1 0.1379 -0.3413 0.0695 
INDL.& FINL.SYS.'A' 4 15.8 1.12 33.2 2.9 0.0954 -0.3838 -0.3474 
LUNDBERGFORETAGEN 'B' 5 36.74 17.94 41.3 19.1 1.0174 0.5382 1.0551 



Uppsala University                                                                                Department of Business Studies	  
Bachelor Thesis                                                                                                    Andersson & Draskovic 
 

 41 

TRELLEBORG 'B' 6 30.88 14.74 46.3 29.1 0.0548 -0.4244 -0.1054 
CYBERCOM GROUP EUROPE 6 20.92 -2.02 24.5 5.5 0.4345 -0.0448 -0.0982 
GEVEKO 'B' 3 17.78 -23.12 19.4 -24.7 2.6545 2.1753 0.4737 
BONG LJUNGDAHL 7 30.98 18.56 42.9 22.3 0.1585 -0.3207 -0.8443 
ROTTNEROS 7 34.44 17.14 47.7 31.9 0.4000 -0.0792 1.0555 
TRACTION 'B' 6 38.28 25.24 51.3 44.1 1.1197 0.6405 0.0555 
CISION 5 26.28 7.88 41.3 19.1 1.1091 0.6299 1.0181 
BOLIDEN 5 39.66 20.56 46.8 30.1 -0.1407 -0.6199 -1.2766 
ORTIVUS 'A' 7 33.9 33.22 51.3 54.1 1.3585 0.8793 1.2641 
ORTIVUS 'B' 3 17.02 -2.52 25.6 -12.3 0.2870 -0.1922 -0.5731 
ALLIANCE OIL COMPANY SDB 4 13.34 -7.12 33.7 3.9 0.5462 0.0670 -0.6292 
ALLTELE ALLM.SVEN.TELAB 7 40.6 28.24 48.1 37.7 0.1058 -0.3734 -0.1960 
ASPIRO 3 17.78 -23.22 19.4 -24.7 0.0101 -0.4691 -1.0118 

 

Appendix	  5.	  More	  on	  Return	  Calculation	  

Raw returns for the buy-and-hold strategy were calculated as:  

	  

Raw returns for short sell strategy were calculated as: 

	  

Portfolio returns were calculated as: 

	  

where the weights x are determined by a price of the share. 

Corresponding market returns were calculated by using all-share index. Market-adjusted 
(abnormal) returns were calculated as: 

Buy and hold portfolio  	  

Short sell portfolio	  	   	   	  

Joint (hedge) portfolio	  	   	  

All	  according	  to	  Berk	  and	  DeMarzo	  (2011).	   


