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ABSTRACT 

 

 

This thesis aims to study whether cash flow ratios can predict corporate financial distress in 

Sweden by employing multiple discriminant analysis. It was inspired by the Altman Z-score, 

which was adjusted for this aim. This study adopted a positivist epistemology and objectivist 

ontology. The research approach taken was a deductive one which employed quantitative 

methods in testing the hypotheses developed. The hypotheses were tested through means of 

accuracy and the Independent Samples Test. In order to identify financial distress a proxy 

ratio was adopted. This proxy was the operating cash flow ratio. The sample consisted of 227 

firms in total within the retail- and service industries. The time period covered 2000-2013. It 

was found that the proxy was unable to separate firms into distressed and nondistressed 

groups, but rather classified all firms as distressed. Furthermore, the other ratios also failed to 

do any classification. Therefore, what the question that this study set out to answer came to 

the conclusion; cash flow ratios cannot predict corporate financial distress for retail and 

service companies in Sweden.  

 

Keywords: financial distress, bankruptcy, Altman, ratios, cash flows, discriminant analysis, 

Sweden, retail, service, prediction.  
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1.0 INTRODUCTION 

 

This chapter begins with a background description into our research area. It includes a 

short exposition on previous research about corporate financial failures, leading to our 

research gap, research question, the purpose of this thesis, its contributions, and 

limitations. 

 

 

 

1.1 BACKGROUND 

 

The issue of bankruptcy has been an issue that has affected economies over the years. It 

has led to people being out of work; it has led to governments having to pay 

unemployment benefits; governments receiving less tax; banking institutions being 

faced with the likelihood of their loans not being repaid and themselves collapsing. 

These issues have necessitated the creation of models to reduce the unpredictability of 

the problem of bankruptcy. Banks and other institutions have focused on the use of 

various credit scoring methods in order to mitigate the negative effects of lending 

money to insolvent companies, or companies and individuals that are likely to become 

insolvent before the end of the loan period. Over time, these credit scoring or 

evaluation methods have had to be adjusted to reflect changing trends, demographics or 

other new variables which are likely to impact the solvency of the companies and 

people concerned. 

 

An important question to consider is, what is bankruptcy and how is the term applied in 

the U.S and European contexts? These two contexts show the two major types of 

bankruptcy firms may experience and shows that bankruptcy is not the single state of 

failure. Furthermore, since the vast majority of scientific articles on the topic are related 

to the U.S context, the question of contexts is an important one. Bankruptcy as 

explained in the American context could refer to different states. The most common 

states for corporate bankruptcy are those under Chapters 7 and 11 of the U.S 

Bankruptcy law (United States Courts). In one instance the firm may be unable to meet 

its financial obligations which may lead to its dissolution. This can be classified as 

Chapter 7 bankruptcy under the Bankruptcy law in the United States. However, 

bankruptcy can also be a status sought by companies to enable them to reorganise, 

which implies that the company is not dissolved, which is bankruptcy under Chapter 11 

of the Bankruptcy law (Brealey et al., 2011, p. 867; Mathur, 2013, p. 4200). Thus, not 

all companies filing for bankruptcy in the U.S context are liquidated under Chapter 7, 

but rather reorganised under Chapter 11. There are varied rules regarding bankruptcy in 

Europe (see Gutierrez et al., 2012, p. 858). However, for Sweden, which is the focus of 

this study, when a company is bankrupt it is dissolved and its assets disposed of 

(Bankruptcy law, Konkurslag, SFS 1987:672). The Swedish equivalent of Chapter 11 

bankruptcy is regulated under the law of Company Restructuring (Lagen om 

Företagsrekonstrution, SFS 1996:764). Welamson & Mellqvist (2013, p. 288) state that 

the motivation for the law of Company Restructuring is that there could be value for all 

stakeholders if the firm does not go bankrupt, but instead is allowed to continue its 

operations. If the company is deemed viable in the long run even though it experience 

financial difficulties, the company might be allowed reorganisation (Welamson & 

Mellqvist, 2013, p. 288). However, Persson & Tuula (2000, p. 69) state that the law has 

not been a success as the number of reorganisations are still few compared to the 
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number of bankruptcies. Persson & Tuula (2000, p. 69) found that the purpose of the 

law is not fulfilled as only 23.1% of firms that underwent reconstruction survived.        

 

To provide security for lenders, bankruptcy prediction models were created as early as 

1966. Beaver examined the predictive power of some financial ratios one at a time, i.e. 

a univariate analysis (Beaver, 1966, p. 100). In a follow-up paper Beaver further 

elaborated upon the predictive power of financial ratios, and most notably found an 

alternative set of financial ratios to be useful in bankruptcy prediction (Beaver, 1968, p. 

122). Altman’s (1968) paper on bankruptcy prediction utilizes the same concept as 

Beaver (1966) of financial ratio analysis as the means of predicting financial distress. 

However, Altman developed a model, called the Z-score model, which examined the 

financial ratios predictive power in a multivariate analysis, in contrast to Beaver’s 

univariate analysis. The model was developed using multiple discriminant analysis 

from a sample of sixty-six bankrupt manufacturing companies in the US, and a 

corresponding number of non-failed companies (Altman, 1968, p. 593). The Z-score 

model had a predictive power of 95% one year prior to default, with decreasing 

accuracy for each consecutive year (Altman, 1968, p. 599 & 604). 

 

Following the introduction of the Z-score model numerous research papers as well as 

student theses tried to test, improve or develop new models in predicting corporate 

bankruptcy (e.g. Takahashi et al., 1984; von Stein & Ziegler, 1984; Johnsen & 

Melicher, 1994; Persson & Schölander, 2012; Andersson, 2012; Metlik & Jakobsson, 

2011). The method of credit scoring using multiple discriminant analysis is one of 

many methods aimed at predicting bankruptcy. Bankruptcy prediction has been 

estimated using a logistic regression (Ohlson 1980; Lou & Lei, 2008; Ma & Tang, 

2007), market-based approaches with a “risk-of-ruin” approach, utilizing elements from 

the option pricing models of Black & Scholes (1973) and Merton (1974), and can be 

seen in e.g. Santomero & Vinso (1977) and Scott (1981). 

  

Up till now, research on bankruptcy prediction has largely been based on Altman’s Z-

score model and has focused on the predictability of bankruptcy as defined in Chapter 7 

of the U.S bankruptcy law. Thus, very little attention has been paid to the development 

of financial distress within the company, which may later result in bankruptcy.  

 

Wruck (1990, p. 420-421) points out that prior to filing for bankruptcy the company 

experiences a period of financial distress, which is not the same as the end of business 

activities and bankruptcy. During periods of financial distress the company instead 

experiences difficulties in meeting payments on debt obligations, i.e. insolvency, which 

is related to cash flow aspects of the company, rather than stock aspects (Wruck, 1990, 

p. 421). What this distinction between the stock- and- flow aspect of insolvency means 

is that a company which is insolvent on a stock-basis has a net present value of cash 

flows less than its debt obligations, while a company that is insolvent on a flow-basis 

cannot cover its cash obligations (Wruck, 1990, p. 421). This situation, of being 

insolvent on a flow-basis, is defined by Wruck (1990, p. 421) as financial distress. Thus 

financial distress rests on the cash flows that are available to the company, or the 

company has been able to generate in order to meet its credit obligations (Wruck, 1990, 

p. 421). This implies that the firm must have cash or other relatively liquid assets.  

 

Penman (2013, p. 685-686) makes a distinction between four types of ratios which can 

be used to analyze different aspects of creditworthiness: liquidity stock measures, 
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liquidity flow measures, solvency stock measures, and solvency flow measures. These 

four sets of ratios can thus be divided into two types: stocks and flow measures. This 

distinction is critical when taking Wruck’s (1990, p. 421) definition into account, 

especially since she considers insolvency as a flow issue. 

 

Gombola & Ketz (1983) argued for the use of cash flow based ratios in ratio analysis, 

and the separation of cash flows from the income statement. The argument goes that 

cash flows contain information that is not captured in standard profitability ratios, and 

therefore cash flows should be included in predictive financial ratio analysis (Gombola 

& Ketz, 1983, p. 113). However, Casey & Bartczak (1985) studied the predictive power 

of cash flow based ratios, more specifically cash flow from operations, on bankruptcy 

prediction and found that they were not superior to accrual based measures (Casey & 

Bartczak, 1985, p. 394-395). In a response Gombola et al. (1987) confirmed the 

findings by Casey & Bartczak (1985) that estimated cash flow ratios are not significant 

in predicting bankruptcy. However, Gombola et al. (1987, p. 64) further argued that the 

cash flow ratios were estimated and were prone to error, and the results whether actual 

cash flows were successful in bankruptcy prediction remained to be seen. In a more 

recent study Bhandari & Iyer (2013) used discriminant analysis to obtain a set of 

financial ratios in bankruptcy prediction. Most notably, out of the seven ratios used, 

four were cash flow based ratios (Bhandari & Iyer, 2013, p. 669-670). According to 

Bhandari & Iyer (2013, p. 668-669), it is cash that pays the bills and not accounting 

income. This means that cash flow ratios are valid in bankruptcy prediction, but very 

little has been done relating cash flow ratios to financial distress.  

 

In previous research on the subject of bankruptcy prediction, we identified that the 

research has been focused on countries such as the United States, the United Kingdom, 

Canada and a few other countries (see Altman & Narayanan, 1997). However, there 

exists little research on bankruptcy and financial distress prediction in the Swedish 

context, even though Sweden has experienced an increasing number of bankruptcies in 

the last three years (see Figure 1 below). See Yazdanfar & Nilsson (2008) and 

Yazdanfar (2011) for research on the topic in Sweden. Thus, part of our research gap 

lies in the fact that geographically little research has been done on the topic in Sweden. 

At the same time very little focus has been given to using a combination of cash flow 

measures. As seen from Gombola et al., (1987, p. 56), cash flow measures have been 

used individually or in some cases collectively in bankruptcy prediction. However, 

little or no research has focused on the multivariate models of cash flow measures in 

financial distress. The distinction between bankruptcy and financial distress is key in 

our study, and is the focus of it. Financial distress can preceed bankruptcy, and the two 

should not be seen as the same since they deal with different concepts. 
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Figure 1: Number of Bankruptcies in Sweden (2009-2013). Source: scb.se for data, the 

authors’ diagram 

 

 

 

1.2 RESEARCH QUESTION 

 

Several institutions have an interest in issues of financial distress. Financial institutions 

such as banks consider how investments will be recouped, as do bondholders who see 

companies they have loaned money to crumbling and putting repayment in doubt. The 

Swedish case makes for an interesting one to study as in the Scandinavian countries 

there appears to be little investigation into this area. Thus, the empirical aspect of the 

research question is geographically motivated by this gap. The theoretical aspect of the 

research question is motivated by the lack of research combining cash flow measures 

and predicting financial distress. Thus, our research question is: 

 

Can an adjusted Altman Z-score model predict corporate financial distress in Sweden? 

 

 

 

1.3 PURPOSE 

 

This study aims to further the knowledge in the theoretical field of bankruptcy- and 

financial distress prediction within finance and accounting. We intend to develop a 

model, which is based on the Altman Z-score and is accurate in predicting financial 

distress. One may ask why we choose to use the structure of the Z-score model 

provided by Altman (1968) when other newer versions of credit scoring have been 

adopted. However, what we would like readers to consider is that this model is only 

adopted in terms of structure. We do this because we seek to provide a simple and 

easily applicable model that is based on the original work that predicted bankruptcy and 

since financial distress is on the road to bankruptcy, we believe that this is appropriate. 

Secondly, further work by other authors using other methods has not yielded vastly 
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different results from the work conducted by Altman (1968) which implies that the 

method is still relevant and applicable to research and in this case, to our research. The 

new model, or adjusted Z-score, will include the use of cash flow ratios, some of which 

will be retrieved by modifying certain aspects of the financial statements. This study is 

important based on the argument posed by Altman who argues that identifying business 

failure is an important part of an early warning system against a financial crisis 

(Altman, 1984, p. 171), like the one experienced in 2007. Furthermore, the study aims 

to further the empirical base of knowledge within the aforementioned field by using 

data from Sweden, a geographical area which has not been extensively studied. 

Secondly, Sweden is chosen to represent the nations grouped as Scandinavia as the 

research on bankruptcy and financial distress has largely ignored this group of countries 

when we consider the literature we were able to find on the subject. The nation is 

chosen due to the similarities that it shares with other Scandinavian countries which 

means that a study of one implies a study of virtually all of the nations classified as 

such. 

 

This study will use data of inactive firms and assess their financial standing from a 

period of four years up to ten years prior to ceasing operations. Additionally, we will 

use active firms sharing some key characteristics to the inactive ones in order to 

provide a fair range of values to classify firms as being in distress or not. These active 

firms will represent non-distressed firms. All these firms fall within the grouping of 

retail and service firms. 

 

We intend to apply a view on financial statement analysis which might directly impact 

some of the values of the traditional financial ratios used in previous studies on this 

subject. One of the focal points is on cash flow reformulation, as most insolvency 

issues which lead to financial distress are attributed to cash flows (Wruck, 1990, p. 

421). Some of the cash flow ratios will be acquired following a modification/ 

adjustment in the original financial statements. 

 

The target audience is mainly the research community, since this thesis’ purpose and 

contributions are highly theoretical. However, the practical aspects of it is not to be 

neglected, as the developed model will hopefully be of interest to practitioners of credit 

analysis and valuation, such as bankers, credit analysts, regulators, financial analysts 

and the corporations themselves. However, this list is by no way exhaustive of all 

potential users of the results of this study. 

 

 

 

1.4 CONTRIBUTION 

 

The main contribution of this study is to build a multivariate model in predicting 

financial distress which could shed light on some of the factors that lead to financial 

distress. The point is that few researchers have used the cash flow ratios as a basis for 

estimating firms’ financial distress despite the fact that cash flows are beginning to be 

recognised as key in failure prediction. There is an absence of a clear cut financial 

distress model, which uses modified cash flow ratios as the measuring tool. Thus we 

aim to advance the research in the aforementioned field through this addition. This 

could serve as a basis for further research into the topic. The findings of this study will 

also bring clarity to an important topic within finance and accounting research. 
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Hopefully, this model will be the foundation upon which other models will be built and 

further improvements made to ensure that financial distress is prevented and 

bankruptcy completely avoided. 

 

Practically, not only will the results hopefully answer whether a set of cash flow ratios 

is useful in predicting financial distress, but the geographical contributions of this study 

will complement earlier works. Furthermore, the model will hopefully be used for its 

intended purpose, in predicting financial distress and therefore minimize the costs 

associated with financial distress. Additionally, the model might decrease the amount 

of bankruptcies, as it might be used by the firms themselves to accurately identify early 

warning signals.   

 

 

 

1.5 LIMITATIONS 

 

This study is limited in terms of the data set to be considered. Our focus is on active 

and non-active firms within Sweden based on which we will build our financial distress 

prediction model. This is a limitation because we exclude the influences of financial 

distress in other countries which could make the model geographically limited. 

 

Secondly, this study aims to predict financial distress but the available data can only be 

separated into active and non-active firms. This means that the firms that are classified 

as active might have experienced financial distress during the period we will collect 

data, making the model itself flawed. Alternatively, non-active firms may not 

necessarily have experienced financial distress before ceasing operations. 

 

There is a language bias in this study as though we are concerned with Sweden, the 

majority of the scientific papers to be used for this study are in English. This is done to 

give this paper an international perspective. In addition, the sample of Swedish 

companies to be selected has their account details in Swedish which could lead to 

translation errors. 

 

The choice of statistical technique inherently carries some limitations, such as 

assumptions about the data, variables etc., which could be said to be a limitation of the 

study. Our selection of the parametric technique requires the use of a data set that is 

normally distributed. As previous studies in bankruptcy have contended on the 

normality of company data involved in research on business failure, this could prove to 

be a limitation as to the impact of the model we build in this research. An additional 

issue to be considered is the possibility of there being multicollinearity amongst the 

various ratios to be used in this study, and that there is the possibility that the 

covariance matrices of the two populations are not identical. 

 

Because of the adoption of the International Financial Reporting Standards to listed 

companies, it is possible that the sample selected might be less adequate in a sense. 

This is because we employ random sampling in the selection of Limited Liability 

companies. Since the limited liability companies in our sample might have been listed 

at some point within our time frame, their calculations and presentations of financial 

statements might differ from non-listed companies. As there is no practical way for us 

to tell whether or not they were listed, we acknowledge this possible impact on the data 
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and our outcome. 

 

 

 

1.6 DISPOSITION 

 

Hereon this paper is organised into six subsequent chapters covering the areas of 

theoretical methodology, which explains the basis of and for our thinking and the 

various processes we employ; theoretical framework, covering the theories which we 

draw on to make our judgments and the basis on which we develop our two hypotheses 

in chapter 4; the practical method, which is chapter 4, expands on the various measures 

and details which we use in testing our hypotheses; chapter 5 presents the results of the 

hypotheses tests as well as tests of normality of the data; chapter 6 provides and 

analysis of the results in chapter 5, reflecting on the theories put forward in chapter 3; 

the final chapter, summarises the paper and presents the conclusions of this study as 

well as a look at future research and an evaluation of the quality of the research itself.  

 

 

 

1.7 DEFINITIONS 

 

Bankruptcy: Refers to the death of the company, when its assets are sold off and the 

organisation ceases to exist. 

 

Financial Distress: The situation when a firm’s cash flow does not cover its financial 

obligations. 

 

Altman Z-Score: A model developed by Edward Altman in 1968, aimed at predicting 

bankruptcy. Originally focused towards private manufacturing firms, the model has 

been modified several times to fit other industries and settings.  

 

Cash flows: A flow of cash, especially one that provides solvency
1
.  

 

Discriminant Analysis: Refers to a statistical technique that classifies a sample of 

observations based on a set of variables.  

 

Solvency: Refers to a state of being able to pay debts
2
. 

 

Liquidity: Refers to a state of being capable of covering current liabilities quickly with 

current assets
3
. 

 

 

 

  

                                                 
1
 Merriam-Webster Dictionary 

2
 Merriam-Webster Dictionary 

3
 Merriam-Webster Dictionary 
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2.0 METHODOLOGY OF THE RESEARCH 

 

This section of our paper provides our viewpoints on the nature of reality, what 

constitutes knowledge and how it might be acquired. It serves as the bedrock on which 

the interaction of strategies of inquiry and research methods are chosen. This chapter 

is extensive because we intend to provide the reader with a clear and well-rounded 

picture of why we make certain choices in our research. It involves an in-depth 

discussion of the principles of philosophy in research which we consider very 

important. 

 

 

 

2.1 PRELIMINARY THOUGHTS: Justified true belief  

 

The idea of research being conducted without being subject to any clear method chosen 

can be said to make the research open to criticism at the philosophical level (Ryan et 

al., 2002, p. 8). According to Creswell (2009, p. 5), despite the fact that philosophical 

ideas remain largely hidden or not referred to in research does not mean that they do 

not exert influence on research in practice. For reasons such as these, the establishment 

of a clear philosophical stance at the beginning of this research is very important. Thus, 

worldviews held by individuals conducting research can be considered as shaping the 

entire research procedure adopted by the researcher (Creswell, 2009, p. 6; Saunders et 

al, 2012, p. 128; Burrell & Morgan, 1985, p. 24). Worldviews held by researchers can 

be said to originate from two broad areas - ontology and epistemology (Saunders et al, 

2012, p. 128-129).  

 

The chapter of theoretical methodology can be considered to be the most difficult to 

delve into from a reader's point of view. Discussions about philosophical ideas and 

standpoints, although immensely ‘fun’ to write, can be considered too abstract to grasp. 

Therefore we have chosen to compress the entire chapter into three words - Justified 

true belief. These three words are credited to Plato (Ryan et al., 2002, p. 11), and will 

form the framework upon which we explain and elaborate our philosophical positions 

and our methodological choices. For a reader who is unfamiliar with these words, or 

even to a philosophy scholar, we will briefly state what these three words mean to us, 

and how they summarise the chapter. An individual can have knowledge (the belief) 

about an objective truth, which is justified through logic, mathematics, and/or 

observations and experience. 

 

To provide the reader with a classical structure of a thesis, in order to serve the habit of 

thesis reading, we will firstly discuss the ontological and epistemological positions, 

which concern the entire statement, but mainly focused within the last two words of the 

statement by Plato. The justification of the held beliefs will be discussed in section 2.7 

of this chapter, and deals with the research strategy, approach and method. Even though 

it might seem confusing at first, we firmly believe that this approach to theoretical 

methodology will provide an informative and interesting read. 
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2.2 OUR BACKGROUND AND PRECONCEPTIONS 

 

We are individuals coming from two different backgrounds. One of us is from Ghana, 

the other from Sweden. This geographical difference has broadened and complemented 

our views. We are both students of Finance in the Master’s Program at Umeå 

University. Both of us have had some experience with banking which is traditionally 

related to credit issues. Though banking involves credit/loans/default, we were both on 

the Retail/Private side of it. This makes our exposure to corporate failure in the banking 

sense very limited. However, we do realize that defaults are directly related to the 

survival of any company and notably the bank in question.  

 

We see the idea for this paper as having been influenced largely by the various courses 

we have taken within the Finance and Accounting faculties during the course of our 

studies at Umeå University, particularly Risk Management. The exposition on default 

probabilities and the use of Altman’s Z-score in estimating default probabilities was a 

direct inspiration toward this research paper. Perhaps, another reason why we 

unconsciously chose this topic is because of our previous banking experience. 

 

Of course, as Altman is presented as an authority on the subject of corporate failure, it 

is natural that we would consider that his work and models would be infallible and be 

the basis upon which to build anything related to corporate failure. However, we 

considered the views of early writers in the subject, coupled with the various criticisms 

that have been leveled against Altman’s work. We also looked at other statistical 

models which yielded slightly different results. On the whole, we do realize that 

Altman may be a pioneer but other ideas on this subject of interest are also valid and of 

great importance. 

 

 

2.2.1 ASSUMPTIONS 

 

Prior to discussing philosophical assumption one might hold, and which can influence 

the research, we imagine it might be beneficial to uncover the assumptions made in the 

research question of this thesis. Within the question “Can an adjusted Altman Z-score 

model predict corporate financial distress in Sweden?” we identified three assumptions 

of various natures. These three are: (1) a lack of cash flows can lead to financial 

distress. Furthermore, we assume that (2) bankruptcy is preceded by financial distress. 

Even though bankruptcy can occur without years of financial distress before it (for 

instance for start-ups), we assume this is the case due to data limitations. See section 

1.5 for a discussion of limitations and section 4.2.3 for sampling procedures. In 

addition, we assume that (3) bankruptcy is predictable. Even though this assumption 

might at first glance seem to be less troublesome than assumption (2), the implied 

assumptions relates to the discussion of determinism and free will. See section 2.5.1.1 

for how assumption (3) relates to our philosophical assumptions and standpoints. 

 

 

 

2.3 TRUTH (ONTOLOGY) 

 

According to Grix (2002, p. 177) ontology is the starting point of all research. Prior to 

answering the question ‘how do we acquire knowledge, and what constitutes 
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knowledge?’ it is necessary to ascertain the nature of reality (Grix, 2002, p. 177). 

Ontology deals with the nature of reality, more specifically how the researcher 

perceives the world (Saunders et al., 2012, p. 130; Ryan et al., 2002, p. 13).  

 

The world consists of facts which can be organised and explained by theories and laws 

within a specific worldview. In some cases the researcher might view the social world 

independent of what he or she thinks about it or how he or she perceives it. This 

position can be explained to be the ontological position of realism (Ryan et al., 2002, p. 

13-14; Burrell & Morgan, 1985, p. 4). Similar to, but separate from, the realist position 

is the objectivist position. The objectivist and realist positions are described in a similar 

fashion, representing very similar ontological positions, but some authors use realism 

where others use objectivism. Thus, the two words could be said to represent similar 

positions, with the only difference being the terms used to describe the position. On the 

contrary, the subjectivist, who also happens to be the opposite of the objectivist, sees 

social phenomena as being determined by the interaction of social actors with the 

environment based on their preconceptions (Saunders et al., 2012, p. 132). According 

to Saunders et al. (2012, p. 132) this worldview makes it necessary for the researcher to 

study the details of a situation in order to understand what is happening. 

 

The state of reality, if it is external or depending on the social actor, can be broken 

down to “... whether ’reality’ is a given ‘out there’ in the world, or the product of one’s 

mind” (Burrell & Morgan, 1985, p. 1). Objectivism is a position that posits that social 

phenomena or entities exist externally to and independent of social actors (Saunders, 

2012, p. 131; Grix, 2002, p. 177). Therefore, social phenomena are not in a state of 

revision and are not created through social interaction (Grix, 2002, p. 177). Objectivists 

view reality as not being affected by the actions of any particular person; thus not being 

subject to perceptions of any single individual.  

 

When the above viewpoints are applied in our context, the concept of financial distress 

is an existing social phenomenon that exists whether we like it or not. Even if firms do 

not experience it, it does not mean that it is not there. Thus, even if a firm or social 

actor has no prior knowledge or experience of it i.e. does not exist to him or her, there 

is still the possibility that the state may occur. In the words of Plato, applied to this 

thesis, financial distress is ‘True’. To be precise, we are more objectivists than 

subjectivists on the objectivism-subjectivism continuum.  

 

 

 

2.4 BELIEF (EPISTEMOLOGY) 

 

According to Ryan et al. (2002, p. 11) epistemology is concerned with how we can 

acquire knowledge. It also refers to the claims and assumptions made about possible 

ways used in gaining knowledge about social reality (Blaikie, 2000, p. 8). According to 

Ryan et al. (2002, p. 13) empiricism, as taken from the view of its originator, Aristotle, 

is based on the fact that we acquire knowledge by observation and categorization. This 

position asserts that beliefs that cannot be justified by experience, or using logic or 

mathematics to derive an implication based on experience are meaningless and reason 

alone cannot justify beliefs about the world. These ideas are the basis for positivism 

which is considered as the basis of scientific investigation and research (Saunders et al., 

2012, p. 134). As our research and our view is toward knowledge acquisition based on 
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observation and categorization, we prefer collecting data and searching for regularities 

and causality in order to be able to generalize like the natural scientist (Saunders et al., 

2012, p. 134). 

 

The epistemological position of positivism can broadly be described as the search for 

causal and/or regular relationships in social research, borrowing elements from the 

approach taken by natural science (Burrell & Morgan, 1985, p. 5). It can more or less 

be summarised as the scientific method of natural science applied to social science. 

Kolakowski (1972, p. 11-18) highlights the positivistic tenets, of which two are found 

in Saunders et al (2012, p. 134). These two are dealing with measurability and values in 

research. Positivists cannot deal with matters of metaphysics, or that which cannot be 

measured. As discussed by Kolakowski (1972, p. 11-12), a positivist cannot study that 

which is not separable from the totality of the world. Kolakowski exemplifies it by 

stating that to study a ‘soul’, which cannot be separated from the totality of the world, 

is to deal with illegitimate concepts since there is no way to tell “how the world without 

soul would differ from the world with soul.” (Kolakowski, 1972, p. 12). The second 

tenet of positivism is the role of values in research. The positivist cannot let personal 

judgments of observations and experiences affect the research itself. That is, if one 

were to describe certain observations as ‘good’, ‘evil’, ‘nice’ or any other adjective, it 

does not affect the outcome or conclusions of the research (Kolakowski, 1972, p. 16). 

In other words, research from a positivist standpoint is value-free (Saunders et al., 

2012, p. 134; Ryan et al., 2000, p. 13).  

 

Within the positivist position, and indeed other strands of philosophical positions, there 

exist two sources for knowledge which can be classified into two streams; the 

empiricists and rationalists (Kolakowski, 1972, p. 205). As previously discussed, the 

scientific disciplines of mathematics and logic, against the processes of observation and 

experience, each have their own perceived usefulness in scientific research. However, it 

is important to note that these two themes are not mutually exclusive, and can be 

successfully used in collaboration. Observations and experience will be the primary 

sources of knowledge in order to deduce an answer to the research question posed, 

although logic and mathematics are by no means ignored. Instead, these will be useful 

tools in analysing the observations and coming to a conclusion. This type of position 

shares similarities with the logical empiricist position typically associated with the 

Vienna Circle in the 1920’s (Kolakowski, 1972, p. 209). The logical empiricists hold 

that only experience and observations are the sources for knowledge (Kolakowski, 

1972, p. 205). However, the position of the logical empiricist is not an appropriate way 

to describe our philosophical standpoints, as we acknowledge the usefulness of the 

rational sources of knowledge. Thus, we can be described as positivists, who are more 

prone to be empiricists than rationalists.  

 

The preceding discussion of the theory of knowledge is indeed linked to Plato’s 

statement. The Platonic word ‘belief’ as applied in our context is ‘whether we can 

predict using cash flow ratios’ the truth, i.e. financial distress. This means that the ‘true 

belief’ of this study is whether we can predict financial distress or not using cash flow 

ratios. The knowledge whether we can or cannot predict financial distress is the belief, 

which we seek to investigate. The justification for the ‘belief’ can be said to be the 

methods and data used, in order to develop new knowledge.   
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2.5  PARADIGMS 

 

 

2.5.1 DIMENSIONS 

 

In their seminal work, Burrell & Morgan (1985) develop a typology which classifies 

and categorizes one's assumptions into one of four paradigms, based on two 

dimensions. These two dimensions, subjective-objective and sociology of radical 

change-sociology of regulation, are in turn compressed forms of an extensive 

discussion of ontology, epistemology, method, and view on human nature and how the 

social world functions (Burrell & Morgan, 1985, p. 22).  

 

As the subjective-objective dimension directly discusses two philosophical standpoints 

which have been previously discussed in this thesis, we find it meaningful to identify 

ourselves and this research within the model of paradigms. Thus we follow the advice 

of Burrell & Morgan (1985, p. 24) by identifying ourselves within one paradigm, as it 

allows readers and reviewers to further understand what we think, and what we assume. 

 

2.5.1.1  Subjective-objective 

 

The subjective-objective dimension can be divided into four aspects: ontology, 

epistemology, human nature, and methodology (Burrell & Morgan, 1985, p. 3). See 

figure 2 for the subjective-objective set of assumptions. 

 

 
Figure 2: The subjective-objective dimension. Source: Näslund (2002, p. 324). 

 

The ontological assumptions are named differently in Burrell & Morgan (1985) than 

what we have previously called them, but in our understanding when reading Burrell & 

Morgan (1985) the ontological assumptions are deemed to represent similar positions, 

if not the same. Thus, in order to retain a consequent nomenclature, nominalism-

realism will henceforth be referred to as subjectivism-objectivism. As previously 

mentioned, regarding ontology and epistemology, we can be described as objectivists 

and positivists. 

 

The discussion about human nature, whether or not free will exists or governs human 

behavior, is a lengthy one and we realize there are many philosophical missteps one can 

make. Thus, we aim to keep the discussion short as we do not wish to be erroneous or 



 

13 

 

misrepresent the topic. As we assume that bankruptcy is predictable, we are more 

deterministic in our assumptions about human nature. Even though this thesis and its 

topic relates to the areas of business administration and finance, human nature 

influences these areas, as the two are interlinked, and to treat them as separate questions 

would be erroneous.  

 

The methodological continuum ideographic-nomothetic is closely linked to, but 

separate from, epistemology. One could describe it as the two strands of method 

qualitative-quantitative, but this description lacks the in-depth description Burrell & 

Morgan (1985, p. 6-7) provides. The nomothetic methodology is described as often 

employing quantitative techniques; it is closely linked to the epistemology of the 

natural sciences (Burrell & Morgan, 1985, p. 6), i.e. positivism. The ideographic 

methodology on the other side is described as aiming to get close to the subject studied, 

and puts emphasis on “…the analysis of the subjective accounts which one generates 

by ‘getting inside’ situations and involving oneself in the everyday flow of life…” 

(Burrell & Morgan, 1985, p. 6). Thus, the dichotomization qualitative-quantitative 

lacks the depth of the writings of Burrell & Morgan (1985), and we have aimed to 

provide a fair view of the debate. For the purposes of this thesis, we are leaning more 

toward the nomothetic methodology, as both its method and epistemological 

undertones apply very well with ours. 

 

2.5.1.2  Radical change-Regulation 

 

This dimension is made up of seven aspects of the nature of society (Burrell & Morgan, 

1985, p. 16). Although these seven aspects can be discussed at length, the following 

discussion will not be as extensive, as the primary interest of this thesis does not lie in 

sociological discussions of society and/or its status quo. However, this dimension 

should not be overlooked as it is of equal importance as the subjective-objective 

discussion, thus we intend to give a brief account of what we think of society and its 

structures. 

 

To give a true and brief account of the excellent discussions provided by Burrell & 

Morgan (1985) will be difficult. Therefore to be true to the ideas discussed we will 

quote where deemed necessary, to not misrepresent or diffuse the original meaning. 

The dimension regulation-radical change can briefly be summarized as the following: 

the regulation theorists’ aim to explain the current state of affairs, the status quo, and to 

“…provide explanations of society in terms which emphasise its underlying unity and 

cohesiveness.” (Burrell & Morgan, 1985, p. 17). The radical change theorists focus on 

the change in society and the conflict within, to find “...explanations for the radical 

change, deep-seated structural conflict, modes of domination and structural 

contradiction, which its theorists see as characterizing modern society.” (Burrell & 

Morgan, 1985, p. 17). In this respect, we adhere more to the sociology of regulation 

spectrum of the continuum than the radical change one. Even though we do not deny 

that change happens, societal change is not the focus of this study and does not form 

part of our views on the nature of society. We aim to research a phenomenon within the 

status quo, not the change and structural conflict aspects of society.  
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2.5.2 THE FUNCTIONALIST PARADIGM 

 

Taking the previous discussion into account and combining the two dimensions, we can 

be placed in the functionalist paradigm, as we are more objective than subjective, and 

focus more on regulation than radical change.  

 

 
Figure 3: The Four Paradigms. Source: Ardalan (2003b, p. 1039). 

 

The functionalist paradigm is trying to obtain explanations of the social world from 

inference based on empirical evidence, and is set aside from the object or phenomenon 

researched (Ardalan, 2003a, p. 721). In addition, the functionalist paradigm finds 

explanations and maintains order and equilibrium in society, i.e. the society of 

regulation (Ardalan, 2003a, p. 721). It appears that we are not alone, as we share these 

views with other authors in finance. Ardalan (2003a, p. 722) and Ardalan (2003b, p. 

1040) state that the mainstream of academic finance is located within this paradigm. 

Bettner et al., (1994, p. 3) identifies capital market research in finance as adhering to 

the objectivist ontology and the nomological epistemology, assumes that human 

behavior is deterministic and predictable as mechanic, and employs objective 

methodology.  

 

 

 

2.6 RESEARCH APPROACH 

 

It is beneficial to clearly state and discuss the approach taken, as it allows the 

researcher to make more informed decisions regarding the design of the research 

(Saunders et al., 2012, p. 147). Any research project is influenced by the theories 

concerning the area of study. Thus, how theory is used determines the approach 

adopted by the researcher in the conduct of his or her study (Saunders et al., 2012, p. 

143). This means that clarity of theory from the beginning of research is the grounds 

upon which we determine the appropriate research approach (Saunders et al., 2012, p. 
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143). Different research methodology authors have identified different sets of 

approaches to research. However, the most prevalent approaches are deduction, 

induction and abduction and are the subjects of discussion in the subsequent 

subsections. 

 

The deductive approach to science has its modern foundations in Karl Popper. 

Although the deductive approach was known prior to Popper, he refined it by clarifying 

the steps in deductive testing of theories (see Popper, 1972, p. 32-33) as well as 

stressing that a hypothesis or empirical statement should be falsifiable (1972, p. 40-41). 

That is, the researcher should be able to reject a statement based on empirical 

observation. Blaikie (2000, p. 105) referring to Popper suggests that to collect useful 

data the researcher should have an idea as what to look for. This is the role of theory. 

Questions are postulated and the data collected is used to corroborate the possible 

answers one may have for those questions (Blaikie, 2000, p. 105). Thus, Saunders et al. 

(2012, p. 145) describes deduction as based on the development of theory which is then 

subjected to tests through propositions we label as hypotheses. It serves as a means to 

explore the possible causal relationship between a variable and a concept. 

 

Popper (1972, p. 40-41) argues that in order for a system to be empirical or even 

scientific, the system itself must be able to be refuted, or falsified, by experience and 

observations. System, in this sense, refers to theories and/or statements. As an example 

of the falsifiability of statements we will recite Popper:  

 

 “... the statement, ‘It will rain or not rain here tomorrow’ will not be regarded 

as empirical, simply because it cannot be refuted; whereas the statement, ‘It will rain 

here tomorrow’ will be regarded as empirical.” - Popper, 1972, p. 41 

 

As the observant reader has noticed, this type of judgment about refutability inherently 

carries some subjectivity. Popper (1972, p. 112-113) acknowledges this and states that 

there are varying degrees of testability of a statement. If a statement encompasses a 

certain range of empirics, that range is also subject to testing and potential falsification. 

This range depends on the statement itself, thus making the statement (or theory) the 

sole determinant factor of its own falsifiability.  

 

Induction as a research approach is one that is built from the viewpoint that there exists 

less clarity about the theory or theories to be considered in research (Saunders et al., 

2012, p. 144). Generally, induction can be described as the researcher taking his/her 

starting point in data, then from this data generates theories. (Saunders et al., 2012, p. 

144). The inductive logic is to generalise from the specific, i.e. the conclusions are built 

upon a certain set of premises (Saunders et al., 2012, p. 144). 

  

Abduction has been described as a mix between deduction and induction. Instead of 

“...moving from theory to data, or data to theory, an abductive approach moves back 

and forth….” (Saunders et al., 2012, p. 147). The philosophical assumptions the 

abductive approach is associated with are the Interpretivist epistemology, and the 

Social Constructivist ontology (Blaikie, 2002, p. 115). It should be noted that in almost 

all business research there exists some form of abduction, or mixing of approaches 

(Saunders et al., 2012, p. 147). 

  

When the approaches are applied to our thesis, we can be better described as deductive 
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in our research approach. We originate from theory which is the basis for our 

proposition, which is testable and falsifiable. We are deductive by way of the fact that 

we move from a theory about the importance of cash flows which then leads us to test 

the predictive value of financial distress. Based on the findings of this first stage, we 

then develop a falsifiable model which is tested for accuracy. 

 

 

 

2.7 RESEARCH DESIGN 

 

According to Blaikie (2000, p. 41) research design addresses issues pertaining to 

certain criteria which are: primary objectives; Whether primary or secondary data are to 

be collected to answer the specific research question; Method of data collection; The 

degree to which the methods impinge on the respondent (obtrusive and unobtrusive); 

Time orientation. 

 

In this regard, the first item can be viewed in terms of the nature of our research design, 

the next three falls under our research strategy and the last item under the time horizon 

of our study. 

 

 

2.7.1 THE NATURE OF OUR RESEARCH DESIGN 

 

Our primary objective in conducting this research as relating to our research question is 

to determine if cash flows can predict financial distress. Thus, we seek to establish a 

causal relationship, which clarifies if financial distress is caused by a certain lack in 

terms of cash flows. Based on this premise, our study falls within the purview of an 

explanatory study as described by Saunders et al. (2012, p. 172). As discussed by 

Saunders et al. (2012, p. 172), explanatory studies focus on particular situations and try 

to provide sufficient reasons for any relationships that may exist. 

 

Our research question provides direction as to a subsequent part of our research design. 

The mere fact that we intend using financial statements and ratios makes this study a 

candidate for a quantitative study as denoted by Saunders et al. (2012, p. 161). We 

further buttress this point by considering the nature of our ontological and 

epistemological positions which strongly suggest our goal of not relying on the feelings 

of social actors for instance in the conduct of this research. Numerical data as in our 

case provides us with a considerable amount of assurance of this fact. 

 

 

2.7.2 RESEARCH STRATEGY 

 

The research strategy represents another aspect of how research is carried out and 

forms part of the research design. It represents the plan of action to be implemented to 

answer our research question (Saunders et al., 2012, p. 173). Despite the fact that there 

exist different research strategies as expounded upon by different authors, the 

appropriate research strategy chosen is supposed to serve as a bridge between the 

philosophical assumptions held by the researcher and ultimately the methods adopted 

(Saunders et al., 2012, p. 173). 
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Notable among the various research strategies available is the experiment strategy. This 

plan of action has its roots in the natural sciences. According to Creswell (2009, p. 12) 

quantitative research has since the 20th century been based on some form of 

experiment. This has included actual experiments as conducted in natural science 

research and others involving less strict and rigid forms of experiments which Creswell 

calls quasi-experiments; incorporating correlational studies and specific single subject 

experiments Creswell (2009, p. 12). Creswell (2009, p. 12) further describes the use of 

several variables in complex experiments which involve complex models and equations 

which help to determine causal relationships. 

 

It involves the identification of an independent variable and a dependent variable and a 

study into how changes in the independent variable(s) cause a change in the dependent 

variable (Saunders et al., 2012, p. 174). The experiment is also based on predictions 

that the researcher makes suggesting that a relationship exists between the dependent 

variable and the independent variable(s).  

 

A key factor of all experiments lies in the fact that experiments cannot necessarily be 

said to succeed or fail. Success normally just means that we have found a relationship 

or a result we were expecting. But we could say that experiments are meant to produce 

a result that either confirms something or rejects it. This is in consonance with the 

definition provided by Ryan et al. (2002, p. 7) that research itself “is a process of 

intellectual discovery” which transforms our knowledge and understanding of the 

world. This implies that the process of experiment is supposed to lead to discovery 

which adds to our knowledge of the financial world we live in when applied to the 

context of this research. Thus, this study looks at confirming or rejecting a relationship 

between a number of cash flow ratios and financial distress which will transform our 

knowledge and understanding of the world of financial distress. This process of 

confirming or rejecting a statement based on predetermined rules (i.e. if there is a 

relationship which can be modeled) is closely linked to the deductive research 

approach. When we reflect on the process we intend to adopt, we realize that we 

employ some measure of experiment. Though this may not be the true experiment as 

exists in natural science - where there exists a test group and a control group, our study 

is focused on the use of a test group together with a group to test the validity of our 

results. We also make use of correlational studies in this research. In the case of our 

research, this strategy satisfies the criteria we have set forth in our philosophical 

assumptions about the nature of knowledge and how it can be acquired. At the same 

time, our study also aims to utilise information available from administrative records 

and documents in the form of financial statements over a period. For this reason, this 

paper can be classified as employing an experimental strategy. 

 

 

 

2.8 TIME HORIZON 

 

Saunders et al. (2012, p. 190) discuss the importance of clarifying the time orientation 

of the study. The choice of time orientation is related to the research question to be 

answered. The distinction between a cross-sectional and a longitudinal study lies in 

whether data is collected in a series of a period, or not. Saunders et al.’s (2012, p. 190) 

allegory where a cross-sectional study takes a snapshot, while a longitudinal study 

takes a series of snapshots, is suitable in this study. As we intend to examine the 
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predictability of financial distress using cash flows over a period which gives a 

sequential representation of the activities carried out by firms, the extended time 

horizon is necessary, making this study a longitudinal one. Even though we intend to 

study change to some extent, as described by Saunders et al. (2012, p. 190), the concept 

of change in this context is different from that which pertain to the sociology of radical 

change, discussed by Burrell & Morgan (1985, p. 16). One discusses the phenomenon, 

the other discusses society as a whole.   

 

 

 

2.9 LITERATURE SOURCES 

 

We used a mixture of literature sources. Primarily we used secondary literature such as 

journals and books, but also a few primary sources such as theses. Prominent among 

the books used include Principles of Corporate Finance authored by Brealey et al. 

(2011) and Financial Statement Analysis and Security Valuation authored by Penman 

(2013). These books covered some aspects of the topic of financial distress in this 

paper. These books and other books we have come across also provided the basis on 

which journal articles were sourced.  

 

The search on Journal articles was conducted using EBSCO, Business Source Premier, 

Science Direct as well as Google Scholar. These provided a broad range from which we 

could access literature pertinent to the research we sought to carry out. The vast 

majority of journal articles are from peer-reviewed scientific journals with a specific 

focus on economics and business administration. To find the literature we searched 

Umeå University Library extensive database of literature. The initial keywords used to 

find relevant articles were: scoring, default, Altman, risk, bankruptcy, prediction, 

probability, credit, adapt, ratio. As the research question and form of the thesis changed 

additional keywords were used, and some were dropped. However, once we found a 

couple of articles to get us started, the sources of said articles and recommended 

articles also provided additional literature. Textbooks from our previous studies at 

Umeå University were used to obtain additional sources.  

 

Regarding statutes, our focus was on statutes that were related to the topic of 

bankruptcy in Sweden and this was a key aspect of our research especially as the legal 

definition of bankruptcy had to be established in Swedish terms. Other statutes used 

and sourced included those provided by the International Accounting Standards Board 

and the European Union. These also helped in looking at the accounting data presented 

in relation to the definitions of bankruptcy and financial distress and also addressing the 

issue of adjustment of the financial statements mentioned in chapter 3.  

 

The critical assessment of the literature regarding journals took the form of whether 

they were peer-reviewed or not. We placed a lot of weight on peer-reviewed journals; 

however we also considered their relevance to our study, and their overall reliability. 

Much of the evaluation of literature that we carried out was based on the relevance of 

the data contained in the literature pertaining to our research question and purpose. As 

such the literature we obtained talked mostly about ratios, cash flow and bankruptcy 

prediction. Even though focus has been on peer-reviewed journal articles, several 

papers such as working papers, conference papers, theses’, and books were used. These 

types of literature went through the same process of critical assessment as the peer-
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reviewed articles.  

 

 

 

2.10 ETHICAL AND SOCIETAL CONSIDERATIONS 

 

In our view the process in achieving our goal of answering the research question is 

paramount. According to Bryman & Bell (2011, p. 122) ethical issues permeate various 

stages of research. The issue of ethics is related to values and principles of research or 

inherent in research. Bryman & Bell (2011, p. 128) referencing Diener & Crandall 

(1978) state that ethical principles and the issues they revolve around can be broken 

down into the areas of: 

 

1. Whether there is harm to participants; 

2. Whether there is lack of informed consent; 

3. Whether there is an invasion of privacy; 

4. Whether deception was involved. 

 

All these areas can be condensed into standards of behaviour that are related to the 

rights of participants or those affected by the research and these standards of behaviour 

are influenced by social norms which exist and permeate all aspects of social exchange 

(Saunders et al., 2012, p. 226-227). 

 

Thus, these areas on the face of it are likely to affect the data collection process as 

questions of consent, harm to participants as well as deception all come into play in 

how we source for information and what we say we intend to use the sourced 

information for. This is particularly the case in our study as we use both “active and 

non-active” companies as part of our data and the fact that the companies and/or the 

people in them are likely to be affected whether directly or indirectly by the outcome. 

This is a critical issue and could lead to wider societal implications for the firms 

concerned. 

 

According to Bryman & Bell (2011, p. 132) the area of informed consent is the area in 

business research that is hotly debated. What this principle suggests is that participants 

in research should be given as much information as possible to make a decision as 

whether to be involved in the research or not. Covert observation of the participants or 

their proxy does not offer this opportunity (Bryman & Bell, 2011, p. 133). In a way, our 

research can be considered as employing this covert approach. However, we should 

point out that the companies and their data presented or to be presented constitute 

public information and though explicit consent is not provided, it can be inferred. 

Nevertheless, particular attention and concern is placed on the use of the data we obtain 

to ensure that harm does not come to anyone involved in this study. Also linked to the 

area of informed consent is the area of invasion of privacy and particularly covert 

observation (Bryman & Bell, 2011, p. 136). This area brings to the fore issues of 

confidentiality and anonymity in our research and questions as to whether participants 

would agree to being named given the inferred consent we have discussed earlier. Due 

to the sensitivity of the research we intend to keep firms anonymous. 

 

Deception is another area in terms of research ethics that can be considered. It occurs 

when presenting research in a manner other than what it is (Bryman & Bell, 2011, p. 
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136; Saunders et al., 2012, p. 238). When applied to research and particularly to ours, it 

involves what we state in our research question, purpose and how they tie in with our 

theories, methods, findings and conclusions. This is a key ethical consideration as it 

affects the entire research from its beginning to the end. 

 

Another way of looking at ethics is through philosophical standpoints (Saunders et al., 

2012, p. 227). The discussion of what is ethical can be classified into two philosophical 

positions: the deontological view and the teleological view (Berry, 2004, p. 325). The 

deontological position can be summed up as “the means justify the end” while the 

teleological can be described as “the end justify the means”. We of our own accord are 

of the view that our actions are an important factor when seeking to attain an end. This 

is in accordance with the Swedish Research Council (Swedish Research Council, 

2013), and the ethics of our university, which is based on the deontological position. 

Thus this approach is appropriate and is pivotal in our conduct of this research.  

 

We intend to build a model which will be visible by the end of this paper. However, 

there are possible negative ethical and societal issues which may arise contrary to our 

intentions. For instance this model is not meant to be the sole instrument upon which a 

lending decision should be taken. In addition, there might exist a discrepancy between 

the legal collection of data and the ethical collection of data. Even though the data to be 

used is legally available online, one might argue that consent is not given when data is 

collected by a third party, which is our case. To address at least some of these issues, 

we try to mitigate them by keeping the firms anonymous and stress on the use of the 

data collected for research purposes only. 

 

We realise that bankruptcy and financial distress research constitute a very sensitive 

topic to society. Individuals and firms alike care whether a firm is doing well or not, 

especially as failure for instance could mean loss of livelihood for a member of their 

family or they themselves. A study that is looking into financial distress runs the risk of 

indirectly hurting or otherwise affecting business-owners and the general public. An 

additional possibility of societal concern is the risk of researchers in financial distress 

and bankruptcy are seen as insensitive to their plight.  
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3.0 THEORETICAL FRAMEWORK 

 

This section of our paper is divided into four parts: Financial Distress & Ratio 

Analysis, which makes a distinction between financial distress and bankruptcy, and 

defines financial distress. It also discusses the predictive and evaluative use of financial 

ratios, and presents a list of predictive ratios to be used in our model. The second part, 

Credit Scoring Methods, discusses the various scoring methods available, and presents 

a method to be used in our model, as well as the method’s drawbacks and limitations. 

The third part, The Use of Financial Statements, discusses the reporting standards 

Swedish companies follow and how these affect the computation of ratios. This part 

also discusses the various drawbacks associated with financial statements which could 

affect the computation of the ratios. The last part, the Framework of the research, 

concludes and summarises the other three parts and presents a framework which will 

act as a guide when developing the model. Each part goes through relevant literature 

which has a direct impact on this study and the ability to answer the research question. 

 

 

 

3.1 FINANCIAL DISTRESS & RATIO ANALYSIS 

 

 

3.1.1 FINANCIAL DISTRESS & BANKRUPTCY 

 

The concept of financial distress has been explained in various ways by many authors 

in the field. Hu & Ansell (2007, p. 1598) argue that financial distress starts from the 

date of bankruptcy filing under Chapter 7 or 11 U.S bankruptcy proceedings. Our focus 

in on chapter 7 bankruptcy, which will show in the following discussion. Chapter 7 

bankruptcy in the U.s is very similar to that of bankruptcy discussed in the Swedish 

Bankruptcy Law (Konkurslag, SFS 1987:672). The term bankruptcy has been 

explained earlier on in chapter 1and as a refresher it refers to the situation where a firm 

or an individual is unable to meet their financial obligations which ultimately leads to 

dissolution of the firm in question (U.S courts). This situation is often faced by firms 

who find themselves crippled with excessive debt or a myriad of factors that may be 

socio-economic in nature. For instance, consider firms that have made investments on a 

large scale into other firms that were involved in the 2007/2008 financial crisis. Where 

all these investments go bad and the firm borrowed funds that are due or are called, this 

could lead to the state of bankruptcy and the firm will have to liquidate its assets to 

meet the demands of the creditors. This example may be considered extreme, but it is 

chosen in order for us to have a clear understanding of what bankruptcy is in the 

Swedish context. Corporate death can be attributed to factors including credit, inflation, 

interest rates and profit just to name a few. As the reader would have realised, in this 

paper, we are concerned mostly with the issues of credit, interest rates thus interest, and 

indeed profit. The influence of credit or debt can be seen in the example given above 

and indeed how interest rates and interest cause bankruptcy is also related to credit. In 

light of the 2007/2008 financial crisis, we can also say that liberal lending booms which 

are predicated on ineffective credit checks and scoring are also causes of bankruptcy 

(Hull, 2012, p. 121-135). This can further be looked at in terms of the use of 

complicated instruments that are not properly priced. In the case of profit, it is its 

continuous lack of economic profit whilst the firm continues to incur costs by 

constantly covering general, administrative and other expenses without having any 
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economic profit that could be described as the cause of bankruptcy. Definitely, all these 

factors do not exist alone but also function as a result of the interplay of economic 

factors such as inflation and exchange rates. 

 

Though the authors seek to answer the question of financial distress, it is important to 

realise that the definition of financial distress may not be in question, when it actually 

starts in the life of a firm is still a matter to be investigated. Moreover, Hu & Ansell 

(2007) make reference to Beaver (1966) and Ohlson (1980) as the providers of models 

of financial distress. However, it is important that we classify firm failure as composed 

of financial distress and indeed bankruptcy. Furthermore, Wruck (1990, p. 420) argues 

that financial distress is not synonymous with the term corporate death. Ward & Foster 

(1997, p. 869), using the definition of financial distress provided by Pastena & Ruland 

(1986, p. 289) argue that financial distress literature has been skewed to the use of legal 

bankruptcy as a proxy. This has ignored the other two alternatives provided by Pastena 

& Ruland (1986, p. 289), namely as a state of negative net worth, i.e. negative equity, 

and as an inability to pay debt obligations.  

 

Gordon (1971, p. 347-348) grounds his definition of financial distress by opposing at 

the time current financial theory on capital structure. At the status quo the company’s 

securities carry an almost insignificant default risk, but this is only true up to a point. 

At this point the company has increased its leverage, or experienced decreased profits 

to such an extent that the default risk can be considered as a “...non-trivial probability 

[and it] will not be able to pay the interest and principal on its debt.” (Gordon, 1971, p. 

348). This moment in time, or pivot point is when Gordon (1971, p. 348) argues the 

firm enters financial distress. 

 

Tsai (2013, p. 44) separates financial difficulties into slight distress and more serious 

financial distress, termed slight distress events and reorganisation and bankruptcy 

correspondingly. Accounting figures are argued to have varying usefulness in 

predicting the two events. Companies who experience only slight distress are more 

prone to manage the financial statements to hide the difficulties before creditors and 

other stakeholders get informed of them. On the other side of perceived usefulness is 

when the company is near reorganisation and bankruptcy. At this time accounting 

figures are useful predictors of corporate bankruptcy (Tsai, 2013, p. 44). The distinction 

in severity of distress and the propensity to manage accounting figures is interesting. 

Tsai does not however provide an evident definition of the criteria of how the 

distinction of severity is made, but argues that the definition of financial distress is 

based on the one provided by the Basel Committee, where financial distress is defined 

as “all default events from which investors can suffer losses” (Tsai, 2013, p. 47).  

 

Joseph & Lipka (2006, p. 296) referencing Altman et al. (1977), suggest that the 

earliest time that distress can be discerned before bankruptcy is 5 years prior to it. 

Altman et al. (1977) focus on predicting bankruptcy, which Joseph & Lipka (2006, p. 

302) acknowledge is different from financial distress. Thus, what Joseph & Lipka 

(2006) do is to approach the issue of financial distress only from the bankruptcy 

perspective as discussed by Pastena & Ruland (1986, p. 289). The problem with using 

bankruptcy as a final proxy for financial distress is that financial distress cuts across 

other areas as described in Pastena & Ruland (1986, p. 289). In their view, Ward & 

Foster (1997, p. 870) see bankruptcy as a legal issue that could have nothing to do with 

an economic event, especially as solvent firms do declare bankruptcy, perhaps to 
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reorganize themselves. However, this assumption is difficult to apply in the Swedish 

context especially as the law on company restructuring has not been a success (Persson 

& Tuula, 2000, p. 69). We acknowledge that both financial distress and bankruptcy 

involve a failure of some sort.  

 

Closely tied to the concept of financial distress is insolvency, as discussed by various 

authors (Pastena & Ruland, 1986; Altman & Hotchkiss, 2006; Wruck, 1990; Lin et al., 

2012; Ross et al., 2005). The distinction between stock-based and flow-based 

insolvency is proposed by Altman & Hotchkiss (2006, p. 5), who term them technical, 

and insolvent in a bankruptcy sense. This distinction has been referred to by various 

authors (Wruck, 1990, p. 421; Lin et al., 2012, p. 541; Ross et al., 2005, p. 831). To 

clarify the distinction between these two types of insolvency, we will use the example 

provided by Lin et al.: 

 

“A stock-based insolvency occurs when a company’s total liabilities are greater 

than its total assets. A flow-based insolvency occurs when a company’s operating cash 

flow cannot meet its routine obligations.”  - (2012, p. 541) 

 

Lin et al. (2012, p. 541) accredit the definition of financial distress based on flow-based 

insolvency to Hu & Ansell (2007), and state that a firm is considered to be insolvent on 

a flow-basis when the interest coverage ratio is less than one, and therefore is 

considered to enter flow-based financial distress. Lin et al. (2012, p. 541) uses the 

interest payables as the denominator, while a more common expression of the 

denominator is the financial expenses (FinExp), as seen in Pindado et al. (2008, p. 997). 

The definition of financial distress used by Lin et al., (2012, p. 541) can then be 

expressed as: financial distress (FD) occurs when (EBITDA/FinExp)<1. Pindado et al. 

(2008) develop a model in predicting the probability of financial distress, by using an 

ex ante definition of financial distress. That is, financial distress is identified as not 

only separate from but also independent of bankruptcy (Pindado et al., 2008, p. 997). 

The definition provided is almost similar to the one put forth by Lin et al. (2012, p. 

541). Pindado et al. (2008, p. 997) define financial distress as either: (1) a legal 

declaration of bankruptcy under chapter 7 and 11 of US Bankruptcy Law, (2) when 

EBITDA<financial expenses for two consecutive years, or (3) a drop in market value 

for two consecutive years.  

 

Reformulating Pindado et al.’s, (2008, p. 997) second condition of financial distress 

will allow for a comparison, thus: FD occurs when (EBITDA/FinExp)<1 for two 

consecutive years. With this reformulation in mind one can see that the only difference 

between Pindado et al. (2008, p. 997) and Lin et al. (2012, p. 541) is the number of 

years the company should have an interest coverage ratio that is less than one before 

financial distress occurs. This shows that even though independent authors may agree 

upon which ratio to use when determining financial distress, the actual starting point of 

financial distress, which is the starting point in predicting it, is still in dispute. 

 

Despite the fact that insolvency can be classified as a stock and flow issue as described 

by Altman & Hotchkiss (2006, p. 5) as well as Wruck (1990, p. 421), the stock aspect 

could be considered as related to the look of the balance sheet of the firm when it 

experiences negative equity. In a way stock insolvency could be partly described as 

being the result of subjective accounting methods applied in the preparation of the 

firm’s financial reports (Stancill, 1981, p. 180). On the other hand, flow-based 
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insolvency is attributed to the absence of cash flows necessary for meeting contractual 

obligations (Wruck, 1990, p. 421; Whitaker, 1999, p. 124). It is important to note that 

insolvency on a stock basis has little impact on creditors because claims are fully taken 

care of according to Wruck (1990, p. 421). When insolvency happens to be a flow issue 

that leads to failure to pay creditors, it is more likely that it could lead to bankruptcy 

(Wruck, 1990, p. 421). 

 

From all the papers we have reviewed involving some reference to financial distress it 

is clear that bankruptcy is linked to financial distress. However, bankruptcy cannot be 

considered as the sole approach to it. Using the three identified aspects of Pastena & 

Ruland (1986 p. 289), we do not focus on the legal bankruptcy aspects of financial 

distress, neither do we focus this study on the first identified aspect as it relates to stock 

aspects of financial distress. Thus we adopt the second aspect proposed by Pastena & 

Ruland (1986, p. 289), since it is closely related to the one used by Wruck (1990, p. 

421) and Altman & Hotchkiss (2006, p. 5). Since financial distress is described as a 

flow issue (Wruck, 1990 p. 421; Altman & Hotchkiss, 2006, p. 5), it is fair to relate it 

to the cash flows available to a firm. Wruck (1990, p. 421) and Whitaker (1999, p. 124) 

define financial distress as a situation where cash flows are unable to cover current 

obligations. This situation could be described using the operating cash flow ratio: (Cash 

flow from operations/Current liabilities)<1. This definition of financial distress is the 

one we adopt. The above mentioned definition of financial distress put forth by 

Pindado et al. (2008) and Lin et al. (2012) ((EBITDA/FinExp)<1) can be argued to aim 

to measure similar relationships, or situations; but it is however stock-based, not flow-

based. Since this study puts emphasis on flow-based measures, it is found appropriate 

to use a flow-based definition. Table 1 below provides an overview of the definitions of 

financial distress discussed in this section.  

 

 

Authors Definitions 

Pastena & Ruland (1986, p. 289) combined 

with Ward & Foster (1997, p. 869). 

Financial distress, or economic bankruptcy, 

refers to three states: (1) inability to pay debts, 

(2) negative net worth, and (3) legal state. 

Hu & Ansell (2007, p. 1598) Financial distress starts at the filing for 

bankruptcy under chapter 7 or 11 bankruptcy. 

Gordon (1971, p. 347-348) Financial distress starts when corporate debt 

creates “a non-trivial probability that [the 

firm] will not be able to pay the interest and 

principal on its debt.” 

Tsai (2013, p. 47) Uses the Basel Committee’s definition, that 

financial distress is “all default events from 

which investors can suffer losses.” 

Joseph & Lipka (2006, p. 296) Bankruptcy and liquidation work as proxies 

for financial distress. 

Lin et al. (2012, p. 541) Approaches financial distress from a stock-
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based insolvency perspective, where 

insolvency is stated to occur when a firm’s 

interest coverage ratio is less than 1. 

Pindado et al. (2008, p. 997) Uses the same approach as Lin et al. (2012, p. 

541) but extends the period of low interest 

coverage to two consecutive years. 

Whitaker (1999, p. 124) Financial distress occurs when cash flow is 

less than current maturities of long-term debt. 

Wruck (1990, p. 421) Financial distress is a state where the firm’s 

cash flows do not cover current obligations. 

Table 1: Definitions and explanations of financial distress. 

 

3.1.2 FINANCIAL RATIOS 

 

The purpose, use, and usefulness of financial ratios have been discussed by several 

authors, who have varying standpoints in the matter. Developments in ratio analysis 

can be divided into managerial interests and credit interests based on its early years 

(Horrigan, 1968, p. 284) making profitability and credit analysis very important to most 

firms. However, according to Horrigan (1968, p. 285) credit analysis has dominated the 

development of ratio analysis. Thus ratios are seen as a means for firms to analyse 

themselves internally and also for investors and creditors to review their standing in 

firms of interest (Horrigan, 1968, p. 294).  

 

Laurent (1979, p. 401) describes financial ratios as providing benchmarks against 

which to evaluate a company. In effect, they are seen as tools for analyzing the 

financial position of the firm. Laurent (1979, p. 409) further makes an analysis of the 

individual factors related to a firm’s financial statements and this was classified in 

terms of three broad areas – profitability, managerial performance and solvency. These 

areas can be linked to the available categories of ratios which serve to provide some 

understanding as to the overall financial profile of the firm. 

 

Barnes (1987, p. 449) describes financial ratios as being used for a variety of purposes. 

These include long term and short term solvency measures as well as an evaluation of 

managerial success. Ratios provide a basis for firms to compare their performance to 

their respective industry average (Barnes, 1987, p. 449) which should provide an idea 

of where the firm stands. This can be classified as the normative use of ratios (Barnes, 

1987, p. 449), i.e. an evaluative use, and what we may classify as the traditional use of 

ratios. Another motive for ratios is for predictive purposes which Barnes (1987, p. 449) 

calls positive use. This involves the forecasting of future financial variables such as 

future profit and the prediction of firm failure or bankruptcy (Barnes, 1987, p. 449).  

 

In Platt & Platt (1991, p. 1184) it is acknowledged that ratios are used as predictive 

values or variables in bankruptcy as is the case for most studies conducted on 

bankruptcy. This is attributed to the usefulness of ratios in allowing comparison of 

differently sized sample companies thus providing a fair view of the firms involved in 

the comparison. In addition, the usefulness of financial ratios is predicated on the 

fairness and recognition of the various accounting figures that should be reported in 
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companies’ financial statements (Beaver et al., 2012, p. 1006). Based on extant 

research work, e.g. Beaver (1966), Altman (1968), Altman (1977) and Ohlson (1980), 

financial ratios have been a bedrock upon which existing bankruptcy prediction models 

have been built. They have proved important in the estimation of company operations 

and financial difficulties. In the case of the predictive use of ratios, much focus has 

been put on liquidity as the telling factor for cash flows and according to Barnes (1987, 

p. 452-453) other writers have also discovered cash flows as a distinguishing factor of 

failed firms from the industry in which they existed as well as future returns. Previous 

studies such as Deakin (1972), Beaver (1966) and a host of others show the potential of 

ratios as predictors of bankruptcy (Beaver et al., 2005, p. 93). The main focus has been 

on profitability, solvency and liquidity ratios as predictors of bankruptcy (Beaver et al., 

2005, p. 95).  

 

According to Barnes (1987, p. 454) though statistical models have also used financial 

ratios in analyzing the financial characteristics of problem banks, lending decisions and 

capital adequacy, it is important to understand that it is not the ratios in themselves that 

provide the predictability of failure for instance, but rather the establishment of certain 

ratio values attributed to failure or non-failure (Barnes, 1987, p. 455). The use of ratios 

in statistical model building is also only as effective when the underlying relationships 

and parameters are stable i.e. the target of prediction e.g. firm profitability should not 

change over time. Thus implying that the stability of the ratios involved in the study is 

important in order to provide a standard model (Barnes, 1987, p. 455). In addition, for 

failure prediction purposes, Johnson (1970, p. 1166) argues that a model of underlying 

economic and decision processes should be arrived at. 

 

Ratios however, do not provide information about economic conditions facing 

management of firms or strategies (Johnson, 1970, p. 1166). Thus they do not define 

causes of failure but only measure the extent to which firm policies as denoted by the 

various factors and numbers in ratios explain poor performance (Altman, 1970, p. 

1169). According to Barnes (1987, p. 455) the choice of types of ratios in studies 

conducted can be attributed to the popularity of the particular ratio or ratios in literature 

at the particular point in time as well as the preferences of the researcher concerned. 

Thus ratios selected for statistical models could be said to be selected not necessarily 

based on their theoretical importance (Barnes, 1987, p. 455). 

 

Thus, in our study, we are of the opinion as stated earlier in this paper that financial 

distress falls under the purview of a flow problem as the extensive literature can 

support, and we focus on the impact of flow ratios and utilise them in our statistical 

modeling as primary parameters.  

 

3.1.2.1 Cash Flows and cash flow ratios 

 

Carslaw & Mills (1991, p. 63) describe the statement of cash flows as essential to the 

understanding of firms’ financial positions. This has implications for the use of ratios in 

assessing firms as it also means that typical traditional ratios cannot be used in isolation 

but that cash flow ratios must be included in the analysis of financial statements. 

 

According to Carslaw & Mills (1991, p. 63) cash flows provide the interested party 

with information about cash receipts and payments for a period. This in turn enables the 

assessment of the organization in terms of: (1) its ability to generate future positive net 
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cash flows, (2) its ability to meet payment obligations, (3) explaining the differences in 

income and cash payments and receipts, and (4) how the firm’s financial position is 

affected by cash transactions during the period (Carslaw & Mills, 1991, p. 63). Thus, 

cash flows provide a means of verifying the contents of balance sheets and income 

statements (Mills & Yamamura, 1998, p. 53). The four types of assessments listed 

above shows the power of cash flows as depicting the organization’s continued 

existence as going-concern and its viability (Mills & Yamamura, 1998, p. 53). In 

predicting positive net future cash flows, the importance of cash flow from operations 

which is unadulterated is particularly important (Carslaw & Mills, 1991, p. 64). This is 

because it features only clearly distinguishable activities related to operations and does 

not include ‘flash in the pan’ incidents which were for instance used in the creative 

accounting in the collapse of Enron.  

 

Penman (2013, p. 122) makes the distinction between levered and unlevered cash flows 

from operations and argues that the cash flows from operations normally presented in 

financial statements are levered because “...it includes the interest from leverage 

through debt financing.” (Penman, 2013, p. 122). For the purposes of especially 

assessing the ongoing operations, levered cash flow do not constitute a complete 

measure (Penman, 2013, p. 122). Thus, in this study, particular emphasis is placed on 

the unlevered cash flow from operations, which we consider to be the unadulterated 

measure of cash flows from operations as this will provide a better view of the firms’ 

operations. This is the adjustment related to the financial statements we make reference 

to in the theoretical framework.  

 

According to Carslaw & Mills (1991, p. 64) cash flows as constituted in the Statement 

of Cash Flows are particularly useful when determining the solvency and liquidity of 

firms. These two areas are of particular interest to us especially when we consider it in 

relation to our study. Carslaw & Mills (1991, p. 64) suggest that the ratios that use cash 

flow information should be indicators of the potential to cover obligations. Carslaw & 

Mills (1991, p. 67-70) mentions further uses of cash flow ratios that are important to 

the firm, such as quality of income which is related to the area of ongoing operations. 

Mills & Yamamura (1998) presents a set of cash flow ratios, aimed at examining two 

areas of the firm: liquidity and solvency, and the ongoing operations of the firm (Mills 

& Yamamura, 1998, p. 53). One of the presented ratios was the operating cash flow 

ratio, but since we use this ratio as a proxy for our definition of financial distress, it 

cannot be used in its prediction. This ratio can thus be described as an evaluative ratio, 

as described by Barnes (1987).  

 

Keeping Barnes (1987) discussion on normative (evaluative) and positive (predictive) 

uses of ratios one can see that the operating cash flow ratio is strictly normative 

(evaluative) in our case, whilst the remaining ratios found in Carslaw & Mills (1991) 

and Mills & Yamamura (1998), seen in figure 4, can be considered to be positive 

(predictive) ratios in this study. 

 

Based on the discussion in this section and earlier sections, we settle on a number of 

ratios that emphasise solvency, liquidity, and the ongoing operations as pivotal in our 

research. Further discussions on these ratios are carried out in the next chapter. See 

Figure 4 for the list of ratios.  



 

28 

 

 
Figure 4: List of ratios to be used in this study 

 

 

 

3.2 CREDIT SCORING 

 

To fully understand the extensive works of credit scoring literature, and the researchers 

in the field, it is appropriate to clearly define what credit scoring methods are. Abdou & 

Pointon (2011, p. 60) put forth a definition of credit scoring as “the use of statistical 

models to transform relevant data into numerical measures that guide credit 

decisions”. This definition is in terms credited to Andersson (2007, p. 6), which 

unfortunately was unavailable to us. In a lending situation the borrower will have more 

information on hand than the lender, giving rise to a situation of information 

asymmetry, as described by Akerlof (1970, p. 489). Thus, to overcome the information 

asymmetry, statistical tools have been developed to transform the situation of 

information asymmetry, to one of information symmetry. Using historical experience 

of customers of credit allows one to build a credit scoring model, but since this model 

is constructed using past data it represents the past and must thus be updated 

continuously in order to be accurate (Abdou & Pointon, 2011, p. 62-63). The guiding of 

credit decisions is most often taking shape in the form of predetermined cut-off points, 

at which the lender will or will not grant credit (Abdou & Pointon, 2011, p. 62). These 

models and methods can be complemented by more subjective judgments and 

additional scoring of various aspects (Abdou & Pointon, 2011, p. 62). 

 

 

3.2.1 ALTMAN Z-SCORE 

 

Discriminant analysis was introduced by Fisher (1936) and focused on taxonomic, 

rather than economic, problems. The technique was utilised by Edward Altman in 

predicting corporate bankruptcy, with good results. The model which Altman 

developed by using the discriminant analysis was called the Z-score model, and it has 

the following form (see Altman, 1968, p. 594).  

 

Z   012 1   014 2   033 3   006 4   999 5  

 

where X1 = Working capital/Total assets 

X2 = Retained earnings/Total assets 

X3 = Earnings before interest and taxes/Total assets 
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X4 = Market value of equity/Book value of debt 

X5 = Sales/Total assets 

 

The Z-score is then compared to cut-off values which determine whether the firm is 

likely to go bankrupt or not. In the original Z-score calculation there were three zones 

which firms could fall in, based on their Z-score. If a firm had a Z-score above 2.99, it 

was deemed to be non-bankrupt while a score below 1.81 indicated a great threat of 

bankruptcy (Altman, 1968, p. 606). A firm which fell between 2.99 and 1.81 was 

deemed to be in a gray zone, which was deemed to be difficult to predict (Altman, 

1968, p. 606) 

 

The original Z-score model was developed by using 66 manufacturing firms, half of 

which had filed for bankruptcy under chapter 10 of the U.S. National Bankruptcy Act 

(Altman, 1968, p. 593). The sample was screened for size, restricting the sample to 

firms with 1-25 million $USD in asset size. The remaining half was similar 

manufacturing firms which were active at the date of data collection (Altman, 1968, p. 

593). The non-bankrupt group was selected through stratified sampling, with matching 

characteristics of the bankrupt firms.  

 

The model performed well, correctly classifying firms with a 95% accuracy (Altman, 

1968, p. 599). But even though the model performed well for this specific context and 

type of industry, there was a need to further develop the Z-score model. Thus, the 

ZETA-model was developed which aimed to address five types of issues: (1) The size 

and severity of bankruptcies, (2) the ever-changing type of data (i.e. time-related 

context), (3) additional industries other than manufacturing, (4) to take changes in 

financial reporting standards into considerations, and (5) “To test and assess several of 

the recent advances and controversial aspects of discriminant analysis” (Altman et al. 

1977, p. 30-31). The ZETA-model was developed by using a mix of manufacturing 

firms and retailers, with an average asset size for the bankrupt group 100 million 

$USD. The ZETA-model is fairly accurate (70%) up to five years prior to bankruptcy, 

with a one-year prior accuracy of 90% (Altman, 1977, p. 31).  

 

The Z-score have also been further developed and adjusted for geographical context. 

Even though the original Z-score model could be applied to different countries and 

yield results with ranging accuracy, it is more likely that newly estimated coefficients 

for the specific country is more accurate, than the coefficients estimated in the original 

model. Furthermore, since financial reporting standards vary between countries it is 

beneficial to adjust for these aspects for higher accuracy.  The Z-score, or rather the 

method of using discriminant analysis underlying the Z-score, have been recalculated 

for countries such as Japan (e.g. Takahashi et al. 1984), Germany (e.g. von Stein & 

Ziegler, 1984), and Sweden (e.g. Yazdanfar & Nilsson, 2008). See Altman & 

Narayanan (1997) for an international survey on the topic. 

 

 

3.2.2 CREDIT SCORING METHODS 

 

There exists a variety of credit scoring methods, all of which have their own advantages 

and disadvantages. To name some, albeit not all: univariate ratio analysis (Beaver, 

1966), discriminant analysis (see e.g. Altman, 1968; Altman, 1977), logit model (see 

e.g. Ohlson, 1980; Platt & Platt, 1991), probit model, k-nearest neighbor approach (see 
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e.g. Islam et al., 2007), risk of ruin (see e.g. Santomero & Vinso, 1977), neural network 

analysis (see e.g. Altman  et al, 1994; Coats & Fant, 1993), and support vector 

machines (see e.g. Shin et al., 2005). However, to critically and extensively discuss all 

these methods would be to deviate from the purpose of the thesis, as we only focus on 

one of these methods, the discriminant analysis. However, we present below in Table 2 

a comparison of the accuracy levels for some of these models. When reviewed, it is 

clear that these models in terms of classification results do not differ much from one 

another. For the interested reader who wants to know more there are several review 

papers which are recommended (see Altman & Saunders, 1998; Abdou & Pointon, 

2011; Lee, 2012). 

 

 
Table 2: Comparison of classification accuracy of Credit scoring models. 

Source: Abdou & Pointon, 2011, p. 70. 

 

In order to ascertain a discriminant function in credit scoring, means of financial ratios 

are used (Chijoriga 2011, p. 134). The multiple discriminant analysis method is 

arguably easy to use and its accuracy has been tested, and shown to stand up to more 

modern methods such as neural networks analysis (Altman et al., 1994, p. 526). 

However, critics have pointed out that the multiple discriminant analysis method has 

several drawbacks. First of all, it assumes that the two states examined be clearly 

distinguishable and linearly separable (Coats & Fant, 1993, p. 142). Secondly, it 

assumes that variables are independent of each other (Coats & Fant, 1993, p. 142). Lee 

(2012, p. 37) also points out that the covariance matrices of the two populations are 

assumed to be identical. 

 

Furthermore, two sources of bias may exist as pointed out by Frank et al. (1965). First 

of all, the bias due to sample errors will incorrectly overestimate the prediction 

accuracy of the model if the same sample is used to estimate coefficients as well as test 

it (Frank et al., 1965, p. 253). This is not only applicable to discriminant analysis, but 

also to regression analysis. Regression analysis can however overcome this problem 

through the adjusted R
2 

(Frank et al., 1965, p. 253). Discriminant analysis has not 

overcome this problem, but a larger sample size will decrease the magnitude of the bias 

(Frank et al., 1965, p. 253). Furthermore, discriminant analysis, as well as any 

empirical research, suffers from the bias stemming from model fitting, or search bias, 

and the proposed solution to this bias is to use different samples in estimating 

coefficients and testing the model for accuracy (Frank et al., 1965, p. 254). 

 

To overcome the problematic assumptions of the parametric discriminant analysis, 

Fukunaga & Mantock (1983) proposed a nonparametric discriminant analysis. This 

nonparametric discriminant analysis approach uses k-nearest neighbor techniques 

(Fukunaga & Mantock, 1983, p. 672). This nonparametric discriminant analysis 

technique, or k-nearest neighbor approach, has been used by Islam et al. (2007) in 
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financial context to predict credit card approvals, with an error in accuracy of 9.45% 

(Islam et al., 2007, p. 1546).  

 

The parametric approach to discriminant analysis is appropriate to use in the case of 

this thesis, as it is assumed that the outcomes are linearly separable, the variables are 

independent, and that the two populations covariance matrices are identical (see Coats 

& Fant, 1993, and Lee, 2012). These assumptions are part of the limitations of this 

study, and our findings should be understood with these limitations in mind. The 

potential biases discussed by Frank et al. (1965), and the possible ways to overcome 

these are taken into consideration when constructing and testing the model. However, 

one might ask why the nonparametric discriminant analysis approach is not taken. As 

described by Moses (1952, p. 123-124) the nonparametric statistical approaches have 

three major drawbacks: (1) they are wasteful of data. That is, where a parametric and 

nonparametric test shows the same result the nonparametric will require a larger 

sample. As an example provided by Moses (1952, p. 123) a nonparametric test with 

efficiency of 80% will require a 20% larger sample than a parametric test. (2) The 

literature on nonparametric test and significances is not conclusive. (3) Unless 

approximations are used, the nonparametric methods are quite labor intensive. When 

applied to this thesis, the main reason not to use the nonparametric approach would be 

reason number one. Due to sampling and time horizon issues, the available data runs 

the risk of not being as numerous as the nonparametric approach requires. This is 

especially true if we take Frank et al.’s (1965, p. 254) proposed solution to the search 

bias into consideration, i.e. to construct the model with one set of data of the sample, 

and test it with a separate set of data of the sample.  

 

 

 

3.3 THE USE OF FINANCIAL STATEMENTS 

 

 

3.3.1 INTRODUCTION 

 

Modern financial statements are the result of the double-entry bookkeeping system 

which has its origins from the 15th century activity of Italian merchants. Since their 

inception, financial statements have served as a source of information for a variety of 

clients and individuals. This includes creditors, investors, governments, shareholders as 

well as other organisations. Creditors use information from financial statements as part 

of their decision process in their lending decisions; investors use financial statement 

information to help them in conducting fundamental analysis at least which aids them 

in their decisions on which stock or bond to buy; governments on the other hand use 

the statements in estimating the tax liability of firms operating within their jurisdiction; 

shareholders are interested in finding out how well the companies they have interests in 

are doing which can be summed up in net worth and profitability. Classical financial 

statements in this regard are the balance sheet and income statement. More recent 

additions have been the statement of changes in shareholders’ equity and the statement 

of cash flows. 
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3.3.2 ACCOUNTING METHODS 

 

Belkaoui (1983) identifies two types of accounting systems: Accrual and Cash 

accounting. Accrual accounting is at the core when revenues are matched with 

expenses, i.e. the matching principle, and that revenues are recognized only when the 

agreed service or product has been delivered or fulfilled, i.e. the recognition principle 

(Paton & Littleton, 1940, p. 16). Cash flow based accounting takes into account both 

cash receipts and disbursements (Hicks, 1980, referred by Belkaoui, 1983, p. 299). 

Even though accrual accounting is the prevalent method, cash flow accounting has been 

put forth as a valid alternative. Staubus (1989, p. 163) states that it is widely accepted 

that cash flow accounting is relevant when considering company liquidity, and argues 

that cash flow accounting is a relevant alternative to accrual accounting because a 

business activity cycle begins with cash and ends with cash. For example, a company 

receives cash from its investors, which it uses in purchasing equipment, which is then 

used in producing goods or services to be sold in exchange for cash. This cash might 

then be given back to the investors. Therefore for someone interested in liquidity, cash 

flow accounting is of great interest. However, the reality is that IFRS and Swedish law 

require the use of accrual accounting methods (IFRS Framework.22; 

Årsredovisningslagen chapter 2, 4§, SFS 1995:1554).  

 

3.3.3 REPORTING STANDARDS 

 

Swedish companies are currently divided between two sets of accounting standards. 

The dividing factor whether a company should report according to IFRS or the Law on 

Annual Reporting (Årsredovisningslagen) is if the company is listed on a stock 

exchange or not. In 2005 it was decided that listed companies in member states of the 

European Union are to report according to the International Accounting Standards 

(IAS) (Article 4, European Union, 2002, p. 3; Byard et al., 2011, p. 70). Listed 

companies in Sweden still have to disclose additional information regarding certain 

aspects, such as pensions, valuation principles, language and form (32§:7, SFS 

1995:1554).  Non-listed limited liability companies in Sweden are still to report fully 

according to the Law on Annual Reporting. According to the Law on Annual Reporting 

(1§:2, SFS 1995:1554) an annual report should consist of four parts: (1) a balance 

sheet, (2) an income statement, (3) notes, and (4) a management report. A cash flow 

analysis should also be included in the annual report for bigger companies (1§:2, 

1995:1554). This cash flow analysis is of similar structure as the statement of cash 

flows described by IAS 7.  

 

Of interest is the distinction made in the Law on Annual Reporting, where a large 

company is required to present a cash flow analysis. A large company is defined as 

either a) having securities publicly traded on an exchange, and/or b) fulfills one of the 

following conditions: (1) more than 50 employees the last three years, (2) total balance 

sheet amounts to 25 million SEK the last two years, (3) net income exceeds 50 million 

SEK the last two years (3§:1, SFS 1995:1554).  

 

The International Accounting Standards Board (IASB) set out to create a new set of 

accounting standards to complement the IAS, called the International Financial 

Reporting Standards (IFRS). The IASB was created in 2001 and replaced the IASC 

(Zeff, 2012, p. 807). IAS 1 requires companies to present a complete set of financial 

statements of the financial position (balance sheet), statement of profit or loss and other 
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comprehensive income (income statement), statement of changes in equity 

(shareholders’ equity), a statement of cash flows, notes, and a comparative set of 

financial statements from an earlier period when available (IAS 1.10).  

 

 

3.3.4 DRAWBACKS 

 

Financial Statements do have pitfalls and drawbacks, some of which will be discussed 

briefly here which could influence the research. For instance, the balance sheet 

sometimes does not take into account some valuable resources and obligations that the 

firm may have (Staubus, 1989, p. 164).  

 

According to Carslaw & Mills (1991, p. 63) the Cash flow statement remedies the 

drawback of differences between an enterprise’s net income and its cash receipts and 

payments. This implies that the balance sheet and income statement when used alone 

do not distinguish between cash and noncash investing and financing activities. In the 

absence of the Cash Flow Statement the firm’s true financial position might not be so 

clear. 

 

Stolowy (2004, p. 8) presents a framework for understanding accounts manipulation, 

which is an umbrella term for various tactics of manipulation, such as earnings 

management, income smoothing etc. According to Stolowy (2004, p. 7, referring to 

Breton & Taffler, 1995) the objectives of accounts manipulation is targeted at earnings 

per share (EPS) and/or the debt/equity ratio. The EPS can be altered by either altering 

income or expenses for the period or manipulating the classification of an item, i.e. 

“...by presenting an item before or after the profit used to calculate the earnings per 

share...” (Stolowy, 2004, p. 7). The debt/equity ratio can be altered by extensively 

using off-balance sheet financing or adjusting profit upwards (Stolowy, 2004, p. 8). 

The two targets of account manipulation are, when applying the terms stock-based and 

flow-based measures, considered more being stock-based since neither of them 

involves cash flows in any sense. 

 

In the cases where fair value is used as a measurement basis, in accordance with IFRS 

13, there exists additional potential issues. Fair value measurements can be based upon 

three different levels of input - quoted prices, observable prices, and unobservable 

inputs, called level 1, 2, and 3 inputs respectively (Sundgren, 2013, p. 2). Even though 

level 2 and 3 inputs are used, they are argued to be less reliable and are subject to 

manipulation (Sundgren, 2013, p. 4). Benston (2006, p. 482) states that Enron’s use of 

level 3 inputs in its measurements, and the following revaluation of its assets, was a 

governing factor in its demise. This revaluation allowed Enron to manipulate its 

accounts in the form of overstating and inflating earnings and net income (Benston, 

2006, p. 482-483). Benston (2006, p. 482) issues a warning against using level 3 inputs 

in measurements, for the above stated reason.   

 

Zhang (2013, p. 2506) describes two drawbacks with the current state of financial 

statements. First of all, the current breed of financial statements doesn’t take intangible 

assets into consideration. This is argued to be the case because financial statements are 

a product of the industrialized economy, where tangible assets such as machines were 

the foundations of operations. Since the 80’s ‘new economy’ and a shift towards more 

intellectual capital-based companies, the financial statements have not been able to 
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recognize the intangible assets to the same extent as tangible assets (Zhang, 2013, p. 

2506). 

 

The second limitation, or drawback, described, is the focus of financial statements. 

Financial statements focus more on the result of value creation, i.e. the value created, 

but Zhang (2013, p. 2506) argues that users of financial statements are indeed 

interested in the process of value creation, not solely in the end result. The value 

created and presented in financial statements is only the result of past activities. 

Although admittedly not uninteresting, they do not offer the full picture capital 

providers are interested in (Zhang, 2013, p. 2506).  

 

Another drawback regards the capital structure. As seen in later years the balance 

sheets have become more and more complex due to the development of financial 

instruments and different modes of operations. Hybrid instruments, such as convertible 

bonds, bring complexity to the balance sheet to how debt is treated on the balance sheet 

and particular in relation to how ratios should be calculated. One such mode of 

operations to take into consideration is Islamic Finance. As noted by Iqbal & Mirakhor 

(2007, p. 1) there are many misunderstandings regarding Islamic Finance, such as the 

one to describe Islamic Finance as a system that forbids interest. To describe the 

totality of the system of Islamic Finance would be too much for this thesis, however we 

aim to provide a true and fair view of the matter, and explain why the definition of 

financial distress is not coherent with it. A basic core of Islamic Finance is the 

prohibition of Riba, which could roughly be translated to interest (Iqbal & Mirakhor, 

2007, p. 53). However, to equate Riba to interest would be wrong as the Sharí’a, or 

law, refers to Riba as ‘premium’ (Iqbal & Mirakhor, 2007, p. 55). Furthermore, if one 

of the following four criteria are fulfilled then the ‘interest rate’ would be prohibited: 

“(1) it is positive and ex-ante; (2) it is tied to the time period and the amount of the 

loan; (3) its payment is guaranteed regardless of the outcome or the purposes for 

which the principal was borrowed; and (4) the state apparatus sanctions and enforces 

its collection” (Iqbal & Mirakhor, 2007, p. 56). However, there existed moneylenders at 

the time of The Prophet which charged interest, but since the prohibition of Riba-based 

financing it transformed from loans to co-operations, or partnerships (Iqbal & 

Mirakhor, 2007, p. 57). Today, this can be seen in Islamic financial institutions which 

own equity in the firms, instead of having issued a loan.  

 

 

 

3.4 FRAMEWORK OF OUR RESEARCH 

 

To conclude and summarise this chapter, a theoretical framework has been developed 

which is outlined in Figure 6. This framework will act as a theoretical guide in creating 

the financial distress prediction model. 

 

Firstly, a distinction was made between legal bankruptcy, and the economic state of 

financial distress. Several researchers applied numerical measures with the aim to 

measure when financial distress occurs (see Lin et al., 2012; Pindado et al., 2008; 

Wruck, 1990; Whitaker, 1999). These measures varied depending on the perspective 

taken by the researcher; that is whether financial distress was looked at as a stock-based 

or flow-based state. The resulting definition and numerical measure of financial distress 

adopted for this thesis is the one proposed by Whitaker (1999) and Wruck (1990): 
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financial distress occurs when cash flows are unable to cover current liabilities, i.e. 

(cash flow from operations/current liabilities)<1. 

 

Financial ratios were found to be useful in assessing the company’s financial health, as 

well as predicting future economic developments (Platt & Platt, 1991; Barnes, 1987). In 

accordance with Penman’s (2013, p. 122) view, we distinguish between levered and 

unlevered cash flow from operations, and will use the unlevered as far as possible. This 

is called the adjustment of the financial statements. By combining the use of ratios as 

discussed by Barnes (1987) with the area of the company examined, as discussed by 

Mills & Yamamura (1998) and Carslaw & Mills (1991), a matrix was created for 

classifying and defining ratios to be used in the study. See Table 3 for the matrix. This 

matrix will be part of the resulting framework to be used in the remainder of the study, 

and can be seen in figure 6, found in the left pillar and leading to “Test for 

multicollinearity and normality”.  

 

 

Area/Use Positive Normative 

Liquidity & Solvency   

Ongoing Operations   

Table 3: Matrix for classifying ratios. 

 

The credit scoring methods discussion narrowed down the choice of statistical 

technique to apply the parametric approach to Multiple Discriminant Analysis (MDA). 

Even though this particular approach has been criticized for its associated potential bias 

and assumptions, it was still found to be useful. The choice of the multiple discriminant 

analysis was based on the fact that this thesis aims to adjust the Altman Z-score model, 

which used MDA. However, the choice of whether to use the parametric or 

nonparametric approach to the MDA was based upon the limitations concerning data 

use of the nonparametric approach. That being said, we are aware of the potential 

biases and associated assumptions of the parametric approach to the multiple 

discriminant analysis, and will take these into consideration when creating the model. 

 

The discussion of the drawbacks and limitations of financial statements will be taken 

into consideration when collecting the data and calculating the ratios. These drawbacks 

and limitations can of course vary in severity, which is a fact we have in mind but are 

unfortunately limited to do much about. In the case where a firm has adopted IFRS 

reporting, and thus being subject to the drawbacks of Fair Value as described by 

Sundgren (2013), care will be taken when handling the data. When collecting the data, 

if obvious examples of accounts manipulation are apparent, this will be handled 

appropriately. However, since one could argue that firms experiencing financial distress 

could show erratic behaviour, there is a risk that what appears to be account 

manipulation could in fact be a struggling firm trying to survive. Furthermore, even 

under the most watchful eye, errors might slip through, and the resulting model and its 

applications will have to be evaluated with this in mind.  

 

The theoretical framework in figure 5 should be seen as two pillars upon a foundation, 

resulting in a Financial Distress Prediction Model. Starting from the bottom, the 
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financial statements of the firms are adjusted to fit the ratios or otherwise altered to 

better suit the study. The first pillar, or step, is to calculate the cash flow ratios, on the 

left, using the information from the adjusted financial statements. These ratios are 

classified as described earlier in this section (see Table 3). The statistical testing, 

although arguably part of practical method is presented in the theoretical framework 

because it is an essential part in reaching the ratios to be used in the model. The second 

pillar starts with credit scoring, and as stated earlier, the resulting technique to be used 

is the multiple discriminant analysis. The inherent limitations, assumptions, and 

potential biases of the discriminant analysis will be considered when using the 

technique. The dashed line between the MDA and the ratios represents the interplay 

between them. That is, the MDA is applied to the ratios, which in turn is used to predict 

and test financial distress. The end result is the Financial Distress Prediction model. 

 

 
 

Figure 5: Graphical representation of the theoretical framework.  
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4.0 PRACTICAL METHOD 

 

This chapter of the thesis presents the hypotheses as deduced from our research 

question and our theoretical framework. It also provides explanations of our 

population and sampling techniques, time period covered in this study, ratios to be 

used, various tests involved in testing the hypotheses stated and the suitability of the 

data to be collected, which constitutes a vital part in answering our research question.  

 

 

 

4.1 HYPOTHESES 

 

Based on the theoretical discussion on the usefulness of cash flow ratios (see Carslaw 

& Mills, 1991; Mills & Yamamura, 1998; Platt & Platt, 1991; Barnes, 1987) in the 

previous chapter several hypotheses have been developed: 

 

Hypothesis I 

Hypothesis Ia:  

H0: Cash interest coverage ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Cash interest coverage ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Ib:  

H0: Cash debt coverage ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Cash debt coverage ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Ic:  

H0: Cash dividend coverage ratio is not different for financially distressed firms and 

non-financially distressed firms. 

H1: Cash dividend coverage ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Id:  

H0: Quality of income ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Quality of income ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Ie:  

H0: Cash return on assets ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Cash return on assets ratio is different for financially distressed firms and non-

financially distressed firms. 

  

Hypothesis If:  

H0: Cash return on debt/equity ratio is not different for financially distressed firms and 

non-financially distressed firms. 
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H1: Cash return on debt/equity ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Ig:  

H0: Funds flow coverage ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Funds flow coverage ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis Ih:  

H0: Capital expenditure ratio is not different for financially distressed firms and non-

financially distressed firms. 

H1: Capital expenditure ratio is different for financially distressed firms and non-

financially distressed firms. 

 

Hypothesis II 

H0: Flow-based ratios are not accurate in predicting financial distress. 

H2: Flow-based ratios are accurate in predicting financial distress. 

 

 

4.1.1 HYPOTHESIS I 

  

This hypothesis is aimed at testing whether the ratios selected (see figure 4) are 

different between financially distressed firms and non-financially distressed firms. This 

will be a first indicator whether flow-based ratios can be used as predictors or not. 

However, it should be noted that the answer to this hypothesis does not constitute the 

answer to whether or not flow-based ratios can predict financial distress; this is the task 

of Hypothesis II. In order to test this hypothesis we will perform an Independent 

Samples T-Test. The independent samples T-test serves the purpose of estimating 

whether there is a difference among samples and whether this difference is due to 

sampling or it is as a result of a true difference between populations. It is obtained by 

examining the means between two groups to find out whether there is a statistically 

significant difference between the groups. In our case, a significance level below .05 is 

deemed acceptable. This will bring an answer to whether the means of the ratios are 

statistically different between the two groups.  

 

 

4.1.2 HYPOTHESIS II 

 

The second hypothesis of this thesis will bring an answer to whether or not the ratios 

can be used to predict financial distress. This will be examined in the end stage of the 

process, at the testing of the model. Firstly, the model will be developed using Multiple 

Discriminant Analysis. The intercept and coefficients will then be tested for accuracy 

using a second set of data from a separate group of the sample, in accordance with 

Frank et al.’s (1965, p. 254) proposed solution to the search bias (see section 3.2 for 

further discussion). The model’s accuracy will be determined based on the number of 

Type I and Type II errors. Generally speaking, comparing with p-values, a p-value less 

than 0.05 is determined as acceptable (Saunders et al. 2012, p. 512). As authors and 

researchers we are not less stringent than could be expected, and an accuracy rate of 

above 95% (i.e. less than 5% Type I and Type II errors) can be considered to be 
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acceptable. 

  

 

 

4.2 FINANCIAL STATEMENTS ADJUSTMENTS & RATIOS 

 

 

4.2.1 FINANCIAL STATEMENT ADJUSTMENTS 

 

Penman (2013, p. 122) clarifies the difference between levered- and unlevered cash 

flow from operations, where the reported cash flows from operations in financial 

statements is the levered cash flow from operations. As stated previously, this thesis 

will modify the cash flows from operations by transforming it from the levered form to 

the unlevered form. For clarification, the calculations to retrieve levered- and unlevered 

cash flows from operations through financial statements will be presented below (see 

figure 7). The levered cash flows from operations starts from the net income, adds back 

the non-cash items depreciation and amortization, and the yearly change in working 

capital. In order to calculate the unlevered cash flows from operations one can use the 

common approximation proposed by Penman (2013, p. 123). This approximation 

deducts the tax on EBIT from reported EBIT, and then adds back depreciation, 

amortization, and change in working capital.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Levered- and unlevered cash flows from operations. Authors replication of 

Penman (2013, p. 123). 

 

As apparent from figure 8, a very important aspect is the company tax rate. According 

to the Swedish Tax Agency (Skatteverket, 2013, p. 45) the company tax rate was 

lowered from 26.3% to 22% in 2013. Thus, when taking practical aspects of this 

change into consideration, a dilemma is presented. Either the tax rate is changed for 

2013 and onwards, or it is not changed and kept at 26.3% throughout the period. 

Associated with each choice is one or more advantages and drawbacks; if the tax rate is 

changed it could be argued to reflect reality, however, it runs the risk of distorting the 

proxy of financial distress, the ratios and the resulting coefficients in the model. On the 

other hand, if the tax rate is kept it will probably make the ratios and the proxy used for 

financial distress more stable, while suffering from an argued loss of realism by 

ignoring real changing market conditions. However, in order to be conservative in our 

modeling, the 26.3% tax rate will be used in the thesis. Thus, when the results of the 

thesis is presented this will have to be kept in mind, as the 22% tax rate will most likely 

yield different results.  
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4.2.2 FINANCIAL RATIOS 

 

The financial ratios to be used in constructing the model will be discussed in this 

section. This discussion will focus on what the ratios intend to measure and how they 

are calculated. All of the selected ratios are found in either Carslaw & Mills (1991) or 

Mills & Yamamura (1998). The ratios have been sorted under two headings, which 

relates back to the theoretical chapter and the discussion of areas of interest (see section 

3.1.2 for the discussion). 

 

4.2.2.1  Areas of interest: Solvency and liquidity 

 

- Cash interest coverage ratio – this tells the investor how many times cash from 

operations can comfortably be used to make interest payments on debt (Carslaw & 

Mills, 1991, p. 64). However, Carslaw & Mills (1991, p. 64) also suggest that this 

measure might also include accrual based items and thus suggest that the numerator in 

the ratio should be cash flow before interest and taxes. A ratio of less than 1.0 suggests 

that the firm runs the risk of defaulting (Mills & Yamamura, 1998, p. 57).   

- Cash debt coverage – in contrast to the cash interest coverage ratio, this ratio 

measures the ability of the firm to makes payments on the actual debt principal based 

on its cash flow from operations (Carslaw & Mills, 1991, p. 64). This excludes 

dividend payments from the cash flow from operations, thus making it different from 

the operating cash flow ratio. 

- Cash dividend coverage – this ratio measures the ability of the firm to meet its 

obligations to stockholders in terms of dividends (Carslaw & Mills, 1991, p. 67).  

- Funds flow coverage ratio - measures the company’s ability to pay interest and 

taxes. As described by Mills & Yamamura (1998, p. 57) this ratio examines the risk of 

the company defaulting on its most immediate obligations, or commitments such as 

taxes, amortization and interest payments. This ratio should be greater than 1.0 for 

survival in the short run according to Mills & Yamamura (1998, p. 57). 

 

4.2.2.2  Areas of interest: Ongoing operations 

 

- Quality of income - it intends to examine the potential discrepancies in 

earnings, caused by for instance such non-cash transactions as depreciation (Carslaw & 

Mills, 1991, p. 68). 

- Cash return on assets - proposed as an alternative to accrual-based profitability 

measures. However, as noted by Carslaw & Mills (1991, p. 69) this ratio and the cash 

return on debt and equity (below) should be handled with care, as they do not contain 

information regarding future costs, such as replacement costs. 

- Cash return on debt and equity - along with cash return on assets it is intended 

to be an alternative profitability measure. 

- Capital expenditure ratio - measures the firm’s ability to pay its debt obligations 

after other expenditures, such as plant investment and management, have been taken 

care of (Mills & Yamamura (1998, p. 58). The higher the ratio is, the better (Mills & 

Yamamura, 1998, p. 58).  
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These 8 ratios are included in Hypothesis I. Hypothesis II builds further knowledge by 

creating a model using these 8 ratios in order to predict the financial outcomes of firms. 

The areas of interest which the ratios have been sorted into in the previous section will 

not be a discriminating factor in itself; rather the areas of interest will hopefully lead to 

an interesting analysis of which areas provide the best discriminating abilities, and the 

best predictive abilities. 

 

 

  

4.3 POPULATION AND SAMPLING 

 

 

4.3.1 POPULATION AND TIME PERIOD 

 

The division and selection of industries was done using “Retriever Business database” 

and “Affärsdata”. The industries selected are based on them being the largest in 

Sweden in 2013 (Ekonomifakta 2013, referring to Statistics Sweden). The industries 

selected are the service and retail industries. The Swedish retail industry has 

experienced a consistent annual increase in trade volume since 2010. This was found in 

the OECD database where it was also shown that as at April 2014, this trend is 

continuing (Please see table 4 below). This has made a study focusing on this industry 

which by its all intents and purposes is growing an interesting one to look at in terms of 

how firms are faring overall as far as financial distress is concerned.  The other 

countries listed in Table 4 serve the purpose of justifying our choice of geographical 

area as they almost all exhibit similar trends in retail trade volume. Two out of three 

Scandinavian countries show a consistent increase in trade volume and the same trend 

can be seen in three out of five Nordic countries. 

 

The service industry can be broadly classified as category S, and retail as category G 

using the SNI-codes provided by Statistics Sweden (Statistics Sweden, 2014). An SNI-

code, or Swedish Standard Industrial Classification-code, is a code used to distinguish 

and categorise firms in Sweden, and is run by Statistics Sweden (Statistics Sweden, 

2014). Thus, when sorting and selecting the type of data to be retrieved, the broad G-

class and S-class have been used.  

 

 
Table 4: Total retail trade volume. Source: OECD.stat 

 

We also chose to include liquidated firms in the sample frame, together with bankrupt 

firms, due to data availability issues. Instead of introducing a third industry, we added 

this second aspect of firm failure to cover up the shortage of data. This means that, for 

all the intents and purposes of this thesis, liquidated firms are grouped together with 

bankrupt firms. This of course introduces the potential problem of the data not being 
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able to represent the group we are interested in. However, the problem of data 

availability was considered more significant. 

 

The time period considered ranges from 2000-2013. This is because we intend to 

develop the model using companies from roughly the same economic time period. Even 

though this cut-off point is arbitrary to some extent, an alternative objective cut-off 

point does not exist. A motivation for this cut-off point regards the concern of data 

availability. The further back in time one goes, the harder it becomes to get available 

and reliable data. As was the case for us, data was only available from 2000. 

 

Though this study considers a research covering the period 2000-2013, not much is said 

about macroeconomic factors. Macroeconomic factors and the various situations faced 

within this fourteen year period are all important when considering our results. The 

period 2000-2001 can be viewed as the period when we had some remnants of the 

Asian financial crisis which had its impact on the activities of businesses that had links 

and business partnerships and contracts related to Asia; the same can be said of the 

internet bubble and the 2007/2008 financial crisis which saw a considerable number of 

firms collapsing. It is highly likely that some firms in our sample (both active and non-

active) will have some relationship with Asia, the internet bubble and indeed were 

affected by the financial crisis of 2007/2008 in terms of variables such as production, 

availability of credit, sales, human resource, interest rates and exchange rates, and a 

host of other variables, and this will have some impact on our results. We must also 

consider the impact of changing fiscal policies that for instance have taken place in 

Sweden and in Europe. This includes taxation policies and these are important as we 

look at a range of years during which corporate tax rates may have changed and this 

may affect some of the values of the ratios to be used. 

 

 

 

4.3.2 TYPE OF DATA 

 

Our data, which consists of ratios, falls within the group of quantitative variables as it 

represents measurements which are numbers that represent quantities (Bowerman et al., 

2001, p. 3). In addition, since the data to be collected tells us how the individual ratios 

affect financial distress and we cannot control these variables; these data can be 

classified as observational (Bowerman et al., 2001, p. 383). This is despite the fact that 

we do the calculations for the ratios but it is important to remember that the underlying 

values used in calculating the ratios are observed. Thus in our case we study how the 

various ratios affect the prediction of financial distress. In this case the firms involved 

in the study especially those involved in the testing phase are what we may classify as 

experimental units (Bowerman et al., 2001, p. 383). The ratios to be used in this study 

fall within the group of continuous variables as ratios can be subdivided and they can 

include an infinite continuum of real number values (Stevens, 1946, p. 679-680; 

Agresti & Finlay, 2009, p. 13; Newbold et al., 2009, p. 26-27). Specifically, using the 

scales of measurements proposed by Stevens (1946, p. 678), our data falls within the 

ratio scale class of quantitative variables in accordance to the definition provided by 

Bowerman et al. (2001, p. 20).  
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4.3.3 SAMPLING 

 

At this point, the selection of a sample that is representative of the population we have 

settled on is important as it aids in the ability to generalize the findings of this study 

which constitutes one of the goals of quantitative research (Bryman & Bell, 2011, p. 

163). In this study we adopt probability sampling and specifically systematic random 

sampling where every case has an equal chance of selection (Agresti & Finlay, 2009, p. 

15; Newbold et al., 2009, p. 62). This ensures our objectivity in data collection. Since 

we do not name the participants in this study, we address an element of ethical concern 

raised in Section 2.10 about explicit and implied consent. 

 

In order to select the random sample, our focus is turned to our population which in this 

case is the service- and retail industries. The sampling frame of the non-active firms 

was 202, and for the active firms it was 89,310, and was retrieved from Affärsdata, due 

to its ability to discriminate variables and produce a list of firms. Lincoln (1984, p. 323) 

used different sample sizes of the non-active and active firms. Lincoln (1984, p. 323) 

highlights that to avoid sampling errors it is prudent to avoid proportional sample sizes. 

Based on this conclusion, we settled for a 1-to-2 ratio. If we were to use proportional 

sampling the sample of non-active firms would represent less than a quarter of a 

percentage point of the sample of active firms. Thus, settling on a ratio of 1-to-2 put the 

sample of non-active firms to ⅓ of the total sample, thus mitigating the probability of 

sampling errors discussed by Lincoln (1984, p. 323). Thus, we selected every second 

company from the sampling frame for non-active firms and every 444th for active 

firms. This list of firms was further narrowed down based on the availability of 

financial statement data covering at least 4 years which would be pivotal in this 

longitudinal study. One might wonder why the sample size of the firms was reduced at 

this stage in the sampling process and not earlier. This can be explained by the 

enormous size of data available for active firms. To check and select only firms with 4 

years of data or more would take time far beyond the scope of this thesis. In addition to 

this, the output of the databases did not provide that information, to the best of our 

knowledge. Thus we arrived at 146 active firms and 81 non-active firms. For both types 

of firms we used 75% for the development of the model and 25% was set aside for 

testing the resulting model. The individual firm’s data was then collected from 

Retriever Business, since that particular database allows for a longer time-span than 

Affärsdata. The collection of data was time-consuming, since the database only allowed 

us to export data from three firms every two hours.  

 

The size of the individual firms’ assets or the size of the company in terms of 

employees was not considered to be influential as our focus was on the ratios which 

provide a leveling of the playing field for all the companies involved in the study.  

  

 

 

4.3 TESTING FOR NORMALITY 

 

In order to examine whether the assumption regarding a normal distribution holds, the 

data had to be tested for normality. The Shapiro-Wilk test, or W-test, for normality 

follows the basic form of hypothesis testing, at a chosen level of significance, and has 

been found to be useful even for small samples less than 20 (Shapiro & Wilks, 1965, p. 

602). The original version of the test was however restricted to a sample size of no 
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larger than 50 (Razali & Wah, 2011, p. 25). This problem was overcome by a 

modification provided by Royston (1982), who extended the W-test to allow for a 

sample size of 2000 (Royston, 1982, p. 123). Razali & Wah (2011, p. 32) examined 

four tests of normality (Shapiro-Wilk, Kolmogorov-Smirnov, Lillefors, and Anderson-

Darling) and found that the Shapiro-Wilk test was the most powerful. Practically, the 

W-test and the Kolmogorov-Smirnov test are both available in SPSS, software for 

statistical computing which will be the main mode of analysis. Thus, for reasons of 

both practicality and argued power (Razali & Wah, 2011) the W-test and the 

Kolmogorov-Smirnov test will be the methods used to test the data for normality. 

 

 

 

4.4 DISCRIMINANT FUNCTION 

 

The discriminant analysis, or discriminant function, is a statistical technique used to 

classify or categorise observations into a set of a priori known groups (Klecka, 1984, p. 

8) and was introduced as a statistical technique by Fisher (1936). The discriminant 

function is based on a set of variables which will indicate whether an observation is 

more likely to belong to group A, or group B (Klecka, 1984, p. 8). That is, by using 

interval or ratio data one can predict a nominal or ordinal outcome (Klecka, 1984, p. 8, 

11). The linear discriminant analysis, either univariate or multivariate, produces an  

equation that on the surface looks very much like the output of a regression analysis. 

However, the intercept and slope (i.e. coefficients) represent different types of lines. In 

its most canonical form the output can be expressed in mathematical form as: 

 

 

 

 

where fkm is the value, or score of the function, u0 is the intercept, ui are the coefficients, 

and Xikm are the value of the variable input. Graphically, this can be presented as seen in 

Figure 6. Depending on what score is retrieved, the next observation is predicted as 

either being black or red. As seen in figure 6, the black and red dots are clustered, with 

a few exceptions. Thus, if a score of 4.5 for the next unknown dot is retrieved, it is 

more likely that it will be red than black. Vice versa, if the next unknown dot gets a 

score of 0.9, it is more likely that it will be black rather than red.  
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Figure 7: Linear Discriminant Function. Replication of Figure 3.5 in Duda et al. (2001, 

p. 118). 

 

It should be noted that the discriminant function denoted by Figure 6 is a one-

dimensional analysis, as only a single coefficient determines group membership. It is 

possible to add additional variables, which could increase explanatory power, but one 

should be aware of the added assumption of multivariate normal distributions (Klecka, 

1984, p. 10). However, as noted by Klecka (1984, p. 62) for a researcher aiming to 

produce a model which can predict group membership the most useful measure of 

success is the number of accurate predictions. Thus, even if assumptions are violated, 

the outcome can still be useful and does not need to be disregarded. On the other hand 

“(w)hen the percentage of correct classifications is low, we cannot tell whether this is 

due to violating the assumptions or using weak discriminating variables.” (Klecka, 

1984, p. 62).   

 

To arrive at the discriminant cut-off values the following equation, as presented in 

Bowerman et  

al. (2001, p. 573), was used: 

 

where c0 is the cut-off value, n0 and n1 are the number of cases in each group, and d0 

and d1 are the average discriminant scores for each group. 
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5.0 RESULTS 

 

This chapter of the thesis will provide descriptive statistics of the firms and their ratios. 

In addition, the tests of normality of the data are provided. Then, the test results of 

Hypothesis I and II will be presented.  

 

 

 

5.1 INTRODUCTION 

 

As the purpose of this study is to identify if it is possible to create a financial distress 

prediction model using cash flow ratios, a series of steps can be identified. First of all, 

by using the adopted definition of financial distress established in chapter 3, (i.e. 

(unlevered CFFO/current liabilities)<1) the exact time when a firm went into financial 

distress is established. Then, the ratios calculated will be used to test Hypothesis I in 

order to establish if there is a difference in the ratios between distressed- and non-

distressed firms. Once these two steps have been completed, the ratios will be used to 

calculate the coefficients which best predict financial distress using the first part of the 

sample. Lastly, the coefficients will be tested for accuracy using the second part of the 

sample. This last step will bring the answer to Hypothesis II. 

 

As might have been noticed this series of steps hinges on the definition of financial 

distress adopted. However, the definition of financial distress was not found to be 

useful. After adjusting the financial statements and calculating the ratios, it was found 

that 100% of the sample firms were at some point in financial distress. Some firms 

were in this state of financial distress periodically, while some were in it constantly. 

Interestingly enough the average ‘financial distress rate’ (FDR) was higher in active 

firms than in non-active firms. An average of 88.06% of the observed periods was 

states of financial distress for active firms, while the corresponding number for non-

active firms were 79.18%. One could argue that these numbers were driven up by firms 

with a 100% FDR, while there might have been firms with no more than a 10% FDR. 

However, by looking at the percentage of firms with more than half of the observed 

time periods being in financial distress one can dismiss that idea. 95.06% of all active 

firms were in financial distress more than 50% of the observed time periods, while the 

corresponding number for non-active firms were 97.33%. 

 

These findings create a problem relating to distinction. Since the definition of financial 

distress is not applicable the distinction between ‘distressed’ and ‘nondistressed’ cannot 

be made. To clarify what this means for the study, consider the following analogy 

keeping Figure 7 with the red and black dots (see section 4.4) in mind: the definition of 

financial distress failing is the equivalent of being colorblind when determining if a dot 

is red or black. A consequence of this problem is that it is not possible to test 

Hypothesis I in the way we intended. This is due to the fact that it aims to investigate 

ratio behavior between distressed and nondistressed firms, and since no distinction can 

be made, there is no testing possible. In some sense all the null hypotheses failed to be 

rejected due to this fact. A second, and more serious consequence, is also connected to 

the distinction problem. Since the distinction cannot be made, no prediction on group 

membership of financial distress is possible since the distinction was by definition the 

group membership. Accordingly, this makes it ultimately impossible to develop the 
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financial distress prediction model. 

 

However, the other aspect of financial distress, which is bankruptcy, might still be 

predicted using cash flow ratios. Thus, keeping the second aspect of the research 

question in mind, we have shifted the focus of this study towards bankruptcy prediction 

in Sweden, using cash flow ratios. This is a by-product of our initial intention of 

predicting financial distress. We do this as we assume bankruptcy is preceded by 

financial distress and would like to find out if the ratios selected could be useful at least 

in predicting it. Thus, the hypotheses stated in section 4.1 are tested as if bankruptcy 

prediction is the focus, and not financial distress. It should be noted that since the 

definition of financial distress failed to perform its initial duties, it has been added to 

the list of ratios used in prediction. This is because it is a cash flow ratio which, 

keeping the second aspect of the research question in mind, is to be tested in predictive 

ability. 

 

 

 

5.2 DESCRIPTIVE STATISTICS 

 

 

5.2.1 FIRM DESCRIPTIVES 

 

In order to allow for a broader understanding of the 227 firms a certain number of 

descriptive statistics will be presented. These areas which will be covered by the 

descriptive statistics are revenue, earnings before interest and taxes (EBIT), number of 

employees, total assets, and long-term debt.  

 

The number of employees ranged quite a lot between the two groups. The number of 

employees for active firms ranged between 0-113, while it ranged from 0-20 for non-

active firms. In the case when a firm had 0 employees the owner of the firm is the sole 

‘employee’. The descriptive statistics for revenues, EBIT, total assets and Long-term 

debt are presented in Table 5. All values are rounded to two decimals. 

 

All in kSEK Revenue EBIT Total assets Long-term debt 

Active 

Mean 

41,130.77 3,269.27 28,635.18 1,035.47 

Active 

Median 

4,630.15 124.63 2,514.64 128.9 

Active 

Standard 

deviation 

263,086.51 30,178.21 234,878.84 2,971.31 

Non-active 

Mean 

2,639.14 -184.17 9,486.63 1,221.20 

Non-active 

Median 

18 -34 3,453 0 
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Non-active 

Standard 

deviation 

8,133.53 2,984.89 17,595.86 4,522.85 

Table 5: Descriptive statistics for the firms.  

 

As can be seen from Table 5 the standard deviations are quite large. This is due to a 

number of outliers. For instance, the standard deviation for total assets of non-active 

firms is 17,595.86 kSEK, as compared to the median total assets of 3,453 kSEK and the 

mean of 9,486.63 kSEK. To show what impact the outliers have had on the data, we 

will offer an example, although considered anecdotal evidence, it highlights the 

importance of outliers. Company B1 (non-active) had total assets of 31,022 kSEK in 

2004, which dramatically dropped to 123 kSEK in 2005. This could be argued to be 

expected by struggling firms, but company B1 did not cease operations until 2012, and 

since the drop in total assets in 2005 the company recovered somewhat and its total 

assets were 6,405 kSEK in 2008. This can be considered to be an extreme outlier, but it 

still affects the overall volatility of data. Furthermore, firm B1 is not singled out, rather 

it is used as an example of an overall trend.  

 

5.2.2 RATIO DESCRIPTIVES 

 

As ratios were the only type of data input for SPSS we ran the risk of having missing or 

invalid data. This was due to the fact that several line items in the financial statements 

were left blank. For instance, if a firm did not pay dividends, a ratio which used the 

dividends as the denominator would result in a division by 0, which is mathematically 

incorrect. To deal with this problem, these observations were deleted. Thus, the tables 

show various amounts of data use. SPSS dealt with the problem of missing data by 

ignoring the firm altogether for that specific ratio, which resulted in lower data input 

than planned. 

 

In order to clarify the contents of subsequent tables, please refer to Table 6 below. 

 

Ratio 1 Cash interest coverage ratio 

Ratio 2 Cash debt coverage ratio 

Ratio 3 Cash dividend coverage ratio 

Ratio 4 Quality of income ratio 

Ratio 5 Cash return on assets ratio 

Ratio 6 Cash return on debt and equity ratio 

Ratio 7 Funds flow coverage ratio 

Ratio 8 Capital expenditure ratio 

Ratio 9 Operating cash flow ratio 

Table 6: Ratios used in equation. 
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The means and standard deviations of the ratios can be seen in Table 7 while the 

correlations between the ratios can be found in Table 8. 

 

Company Mean Std. 
Deviation 

Valid N 
(listwise) 

  

   Unweighted Weighted  

Non-Active ratio 1 36.556371 164.1306785 14 14.000 

 ratio 2 363.091893 1360.6468456 14 14.000 

 ratio 3 8.471107 17.1504135 14 14.000 

 ratio 4 -5.676564 30.7675659 14 14.000 

 ratio 5 1.924450 6.5014593 14 14.000 

 ratio 6 1.924450 6.5014593 14 14.000 

 ratio 7 2.467879 7.9875802 14 14.000 

 ratio 8 1.313150 1.3333497 14 14.000 

 ratio 9 363.703036 1367.9748945 14 14.000 

Active ratio 1 70.639878 121.3707458 69 69.000 

 ratio 2 1.981219 20.1007089 69 69.000 

 ratio 3 6.779875 34.3022117 69 69.000 

 ratio 4 -32.501438 251.2982769 69 69.000 

 ratio 5 -.012361 .4854365 69 69.000 

 ratio 6 -.012361 .4854365 69 69.000 

 ratio 7 15.050965 113.7935059 69 69.000 

 ratio 8 .561157 6.3643689 69 69.000 

 ratio 9 3.175664 27.0503081 69 69.000 

Total ratio 1 64.890853 129.0407439 83 83.000 

 ratio 2 62.891453 558.8842400 83 83.000 

 ratio 3 7.065143 31.9810736 83 83.000 

 ratio 4 -27.976760 229.3930802 83 83.000 

 ratio 5 .314330 2.7256230 83 83.000 

 ratio 6 .314330 2.7256230 83 83.000 

 ratio 7 12.928517 103.7822306 83 83.000 

 ratio 8 .687999 5.8268159 83 83.000 

 ratio 9 63.987510 561.9017694 83 83.000 

Table 7: Ratio statistics. 
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Table 8: Correlation table. 

 

What becomes apparent is that some ratios showed almost perfect correlation. Ratios 2, 

5, 6, and 9 are all highly correlated with each other. This is due to the similarities in the 

inputs of the ratios. Thus, these correlations will affect the following results and the 

analysis of the data. Because of these correlations some of these ratios have to be 

dropped. Referring back to Figure 4, we chose to drop ratio 6, and 9, because of the 

similar constructs of these ratios with ratios 5 and 2 respectively.  

 

 

5.2.3 TESTING FOR NORMALITY 

 

The data was run through SPSS using the Kolmogorov-Smirnov and Shapiro-Wilk 

tests. As described by Pallant (2010, p. 63) the output table of the normality testing of 

SPSS should show a significance above 0.05 to be considered normal. Thus, by looking 

at Table 9 it is apparent that the data is not normal. To complement the test statistics in 

Table 9, the Q-Q plots for each ratio can be found in Appendix 1. A sample Q-Q plot is 

presented in Figure 8 below, showing the Q-Q plot for ratio 2 (cash debt coverage 

ratio). By comparing the curve with the significance level presented in Table 9, one can 

infer that the data is not normal. 

 
Table 9: Tests of normality. 
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Figure 8: Normal Q-Q plot of Ratio 2. 

 

 

 

5.3 TESTING HYPOTHESIS I 

 

As described in section 4.1.1 the set of hypotheses grouped under Hypothesis I are 

tested via the Independent Samples T-Test. The full test results can be found in 

Appendix 2, but the main points of interest in the test are described here.  

 

None of the ratios were statistically significant between the two groups, as the 

significance for the two-tailed test were above 0.05 for every ratio. Since the 

assumption of equal variances does not hold, the two-tailed test is the relevant one. 

Thus, with regards to Hypothesis Ia, Ib, Ic, Id, Ie, If, Ig and Ih we fail to reject the null 

hypotheses, i.e. there is no difference in the means of the ratios between the two 

groups.  

 

See Table 10 below for a short summary of test statistics of Hypothesis I. 

 

Ratio number Sig (2-tailed) Equal variances not assumed 

Ratio 1/Cash interest coverage 0.087 
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Ratio 2/Cash debt coverage 0.333 

Ratio 3/Cash dividend coverage 0.966 

Ratio 4/Quality of income 0.404 

Ratio 5/Cash return on assets 0.833 

Ratio 6/Cash return on debt and equity 0.833 

Ratio 7/Funds flow coverage 0.882 

Ratio 8/Capital expenditure ratio 0.713 

Ratio 9/Operating cash flow ratio 0.334 

Table 10: Summary of Independent Samples T-test statistics. 

 

 

 

5.4 TESTING HYPOTHESIS II 

 

 

5.4.1 TEST OF GROUP MEANS 

 

Table 7 presents the SPSS output for the Tests of equality of group means. From Table 

7 one can see that ratios 2, 5, 6, and 9 are significant. However, as discussed in section 

5.2.2 these ratios are highly correlated with each other, thus the significance levels can 

be seen as reflecting very similar original inputs.  

 

 
Table 11: Tests of equality of group means. 

 

From this table it is interesting to note that Wilk’s lambda is very high for every ratio. 

Wilk’s lambda is “the proportion of the total variance in the discriminant scores NOT 

explained by differences among groups” (The University of Texas at Austin). This 

means that, for instance for ratio 1, 99% of the total variance of the discriminant score 

is explained by factors other than the differences between the groups. Overall, the 

differences in group means are most likely poor indicators of the potential predictive 
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power.  

 

 

5.4.2 COEFFICIENTS AND MODEL 

 

As stated earlier, the question whether flow-based ratios depicted by the nine ratios 

used in this study, can predict financial distress becomes difficult to answer. This is 

because the definition of financial distress on which this study hinges is questioned 

especially when both active and non-active firms share similar results and 

characteristics i.e. both are supposed to be in distress. Thus, it can be concluded at this 

particular point in time that individual flow-based ratios as referred to above ‘cannot’ 

predict financial distress. Thus, in our second hypothesis, we failed to reject the null 

hypothesis. 

 

However, with the failure of the definition of financial distress which can be found in 

the word ‘cannot’ above, it is still possible to predict the legal state of bankruptcy using 

cash flows as the ratios can be used to some degree to classify and predict group 

membership of firms. With the failure of the definition of financial distress adopted by 

us, we question whether the reason why most researchers have adopted the first 

definition of financial distress as written by Pastena & Ruland (1986, p. 289) in relation 

to bankruptcy, is the difficulty in using and proving the definition we adopted. 

Assuming this was the case we decided to run the Discriminant Analysis using our 

existing data and obtained the equation and results set out below. Since our study 

utilises non-active and active (bankrupt and non-bankrupt) data, we are in a position to 

use the information gathered for at least bankruptcy prediction. This is a logical 

continuation of our research, based on the non-significant findings for the primary 

purpose of the research. We do acknowledge that the normality of our data is in 

question making the use of the MDA also questionable. 

 

However, when applied, the MDA yields the following equation: 

 
From this we can estimate the predictive ability of cash flows in themselves relating to 

bankruptcy. The first value represents the constant; subsequent values are the 

coefficients of the ratios used in the study with the subscripts representing the ratio 

numbers (See Table 6). However, ratios 6 and 9 are excluded due to them being 

perfectly correlated with ratios 5 and 2 respectively. This exclusion was done by SPSS, 

not by the authors. In the preliminary equation, ratio 3, the cash dividend coverage 

ratio, was included. However, due to its coefficient being 0 we found it unnecessary to 

include it in the final equation. 

 

In order to determine the cut-off value we had to apply the equation provided by the 

MDA above on the ratios of the firms used in the development of the model. This 

resulted in the discriminant scores in table 12 below. Following this the average score 

for non-active and active firms respectively was obtained. 
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Non-Active 

Company 
Discriminant 

Scores  
Active 

Company 
Discriminant 

Scores  

Active 

Company 

Contd. 
Discriminant 

Scores Contd. 

B1 -4.692  A1 0.282  A62 0.172 

B2 0.299  A2 0.001  A63 0.746 

B3 -0.379  A3 0.180  A64 0.131 

B4 -0.532  A4 0.805  A65 -0.954 

B5 0.052  A5 -0.248  A66 -0.538 

B6 0.335  A6 0.458  A67 -0.255 

B7 5.774  A7 0.085  A68 0.313 

B8 1.002  A8 -0.058  A69 -0.606 

B9 -0.474  A9 -0.032  A70 -0.220 

B10 0.133  A10 0.420  A71 -3.569 

B11 1.580  A11 -0.043  A72 -0.078 

B12 0.173  A12 1.744  A73 0.211 

B13 0.234  A13 0.838  A74 0.001 

B14 -0.285  A14 0.094  A75 -0.220 

B15 -0.245  A15 -0.066  A76 2.414 

B16 2.295  A16 0.390  A77 -0.020 

B17 -0.705  A17 0.755  A78 -0.413 

B18 0.160  A18 0.084  A79 -0.111 

B19 -0.351  A19 0.354  A80 0.328 

B20 3.374  A20 -0.545  A81 -0.006 

B21 0.265  A21 1.090  A82 1.348 

B22 -1.867  A22 -0.074  A83 -0.421 

B23 -4.905  A23 1.209  A84 0.253 

B24 0.291  A24 -0.093  A85 0.956 

B25 4.032  A25 0.245  A86 0.209 

B26 0.132  A26 0.507  A87 0.066 

B27 -16.392  A27 -0.526  A88 0.448 
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B28 -0.453  A28 -0.153  A89 0.002 

B29 0.818  A29 -0.159  A90 -0.149 

B30 0.231  A30 1.439  A91 0.694 

B31 -0.360  A31 0.190  A92 0.193 

B32 0.246  A32 1.165  A93 0.062 

B33 1.901  A33 0.046  A94 0.065 

B34 0.149  A34 -0.007  A95 6.403 

B35 0.467  A35 -1.242  A96 0.257 

B36 -6.242  A36 0.166  A97 0.290 

B37 2.435  A37 0.927  A98 -32.199 

B38 0.309  A38 0.478  A99 0.170 

B39 -0.162  A39 0.264  A100 -0.205 

B40 0.346  A40 0.099  A101 0.115 

B41 0.239  A41 -0.056  A102 0.316 

B42 -0.041  A42 0.047  A103 -0.058 

B43 0.955  A43 -0.111  A104 0.433 

B44 -1.754  A44 2.092  A105 -0.049 

B45 106.457  A45 -1.126  A106 0.333 

B46 0.207  A46 -0.025  A107 -0.136 

B47 0.714  A47 -0.262  A108 -0.472 

B48 0.369  A48 -0.247  A109 -0.319 

B49 0.312  A49 -0.106  A110 1.248 

B50 0.665  A50 -0.258  A111 0.212 

B51 13.461  A51 -0.172  A112 0.105 

B52 0.500  A52 -0.183    

B53 0.250  A53 3.355    

B54 1.664  A54 0.462    

B55 0.240  A55 0.919    

B56 -0.065  A56 0.416    
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B57 -0.843  A57 -0.535    

B58 -0.422  A58 0.102    

B59 -1.176  A59 -0.166    

B60 0.055  A60 0.614    

B61 -0.554  A61 -0.214    

Table 12: Discriminant Scores for Firms 

 

From the above scores the average discriminant score for non-active and active firms 

was obtained. The average discriminant score for the non-active firms was 1.8069 

whilst that for active firms was -0.0616. The cut-off value of whether a firm is active or 

not is 0.59723. This cut-off value was retrieved using the equation presented in section 

4.4, page 45. A firm with a score above this value is deemed to be healthy, while a firm 

with a score less than the cut-off value runs the risk of ceasing its operations. 

 

 

5.4.2 PREDICTIVE ABILITY 

 

In order to ascertain the usefulness of the model, it was tested for accuracy on the 

remaining 25% of each group. The classifications correct and incorrect will be 

presented as the proportions of Type I and Type II errors. Type I errors can be 

explained as incorrectly rejecting the null hypothesis, while a Type II error is made 

when one accepts the null hypothesis even though it should have been rejected 

(Saunders, et al., 2012, p. 513). For non-active firms the accuracy represents whether 

the model was incorrect in identifying if the firms ceased operations. The number of 

years prior to be considered non-active was also taken into consideration. This means 

that the model was correct 55% of the time, one year prior to ceasing operations, 50% 

of the time, two years prior and so forth. As for active firms the accuracy should be 

understood as Type I errors of the model, i.e. firms that were healthy but were 

classified as non-active. That is, the model was incorrect 76.47% of the time when 

classifying active firms one year prior to the last recorded financial statement, and 

incorrect 91.18% of the time, two years prior and so forth. The results are as follows:  

 

 

Year Active Non-active 

1 76.47% 45% 

2 91.18% 50% 

3 94.12% 60% 

4 97.06% 65% 

5 100% 65% 

6 100% 70% 

7 100% 100% 

Table 13: Type I and Type II errors. 

 

The average success rate of the model for each group was low. The model was correct 

18.23% of the time when classifying active firms, and 29.8% of the time in classifying 

non-active firms.  
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6.0 ANALYSIS 

 

This chapter serves as the point where the authors reflect on the results of the various 

tests involved in finding out whether financial distress can be predicted using the cash 

flow ratios outlined in chapter three as well as the other theories espoused in the same 

chapter. It also serves as the chapter in which various inferences are made regarding 

our results and theories. 

 

 

6.1 DISCUSSION ON FINANCIAL DISTRESS 

 

Based on our identification of the failure of the definition, the problem it causes and the 

consequences of it, one might ask: why did the definition of financial distress perform 

so poorly?  To fully analyse the question posed would be impossible in the time frame 

of this study, as there certainly are factors to consider which we do not have any data, 

time or knowledge to cover. Thus, this analysis will focus on a certain number of main 

points of possible flaws with regards to the definition, which should be understood as 

preliminary. 

 

A possible reason the definition of financial distress performed so poorly could be 

based on the time of its creation. Since it was introduced 24 years ago one could argue 

that the economic conditions have changed, and what was a perfectly valid measure at 

the time in 1990 does not fully reflect the economic conditions firms are facing today. 

As the distinction between financial distress and bankruptcy still could be seen as a 

fruitful one to do, it might be necessary to further develop and evolve the definition and 

measurement of financial distress. Whether the cut-off point for it will have to be 

changed, the line items used in it be changed, or whether exchanging the ratio 

altogether for something else will for now be matters of speculation. This point will be 

further elaborated upon in section 7.3, Future research. 

 

Considering the fact that this study covers 2000-2013 we must raise the issue of the 

internet bubble and the financial crisis of 2007/2008. In the early 2000’s there were 

anomalies in assessing the values of firms. There were instances where a firm was 

valued using extremely high and abnormal multiples, even though both solvency and 

profit was in question. This may account for the situation where active firms, though 

they were in operation, were classified as financially distressed. As for the financial 

crisis period, it is not unlikely to think that a multitude of firms experienced financial 

difficulties, and the general financial health can be considered to have been lower than 

normal. This overall lower level of financial health may account for the situation 

described here. Based on these arguments one can argue that the definition of financial 

distress is not suitable in bubble and crisis periods.  

 

The definition might not reflect reality, at least not the reality of financial statements. 

There were firms which were profitable, both using accrual and cash measures, but still 

were deemed to be in financial distress. To exemplify, firm A45 showed an average 

operating profit margin of 15.5%, with values ranging from 9.3% to 31.1%. The cash 

flow-based profit measure, cash returns on assets, tells the same tale of a healthy firm 

as its accrual-based counterpart. The cash return on assets showed an average of 

35.04%, with a range of 17.7% to 45.7%. Even though the cash flow-based measure is 

shifted upwards it still tells the same story. To further show the firm’s financial health, 
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consider the average cash interest coverage of 29.5. To compare, a cash interest 

coverage ratio less than 1 could suggest that the firm might default. Thus, 29.5 can be 

considered to very healthy indeed. When taking these ratios into consideration it would 

be quite extraordinary to suggest that this firm was in financial distress 40% of the 

observed time. These examples of ratios for a single firm can be considered anecdotal; 

they should not be taken as hard evidence. Rather, they should be seen as attempts to 

highlight a possibility of why the definition performed poorly. 

 

An additional possibility of why the definition failed to perform, or rather over-

performed, is because the accounting rules and standards at work influenced the 

financial reports in an overly negative way. Since, as discussed previously in section 

3.3.4 on Drawbacks of financial statements, intangible assets are most sparsely 

recognised in the balance sheet (Zhang, 2013). Thus, a firm which relies on its human 

and intellectual capital will have less total assets than a manufacturing firm which owns 

several machines. This will negatively skew the calculation of not only total assets, but 

also on cash flow from operations. This is because when calculating the cash flow from 

operations using the indirect method one accounts for the changes in working capital, 

which by its very definition is influenced by the assets of the firm. Thus, if this change 

in working capital is positive, i.e. current assets are greater than current liabilities, the 

potential understatement of the CFFO will lead to a lower CFFO/current liabilities 

ratio, which might result in the firm being classified as being in financial distress. 

 

An additional possibility of the definition failing might be because it simply does not fit 

the industries selected. This does not necessarily have to be because of mathematical 

reasons, i.e. manufacturing firms generally having greater total assets than retail and 

service which affects the ratio, but simply because the definition is not fitting to these 

industries. For instance, the cut-off point, i.e. at what value the firm is deemed to be in 

financial distress, may not be the problem. The definition could perform very well for 

e.g. manufacturing firms but simply not in these industries. As discussed previously in 

this section, a new definition of financial distress might be necessary. The different 

suggestions relates to whether the definition is industrially universal, or industry-

specific. Thus, to follow this suggestion to the end, two alternative paths exist: (1) an 

upgraded universal definition of financial distress, as discussed in the second paragraph 

of this section, or (2) a variety of industry-specific definitions. What would be gained 

in simplicity in path 1 would be lost in detail and accuracy, and vice versa. To our 

understanding, the definition proposed by Wruck (1990) follows path 1, however this 

path should not be disregarded because of this reason, as an update could be equally 

useful. 

 

The definition of financial distress might have failed because it does not take new 

methods of company operations, and new financial instruments into account. As 

discussed in section 3.3.4 Drawbacks, Islamic Finance (see Iqbal & Mirakhor, 2007) 

for instance has its basis of financing in partnerships, and the focus is shifted from debt 

to equity. In the case of examining a firm which adheres to Islamic Finance, its debt 

will be lower than its non-Islamic counterpart. However, even though a firm does not 

have debt in the traditional sense this does not mean they are immune to financial 

distress, and the ratio of financial distress will instead show a higher score than would 

be deserved. 
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6.2 DISCUSSIONS ON THE MODEL 

 

Since we failed to reject any of the null hypotheses in Hypothesis I, the possibility of 

successful group membership distinction is low. This would suggest that, based on 

these findings, using cash flow ratios to compare would-be bankrupt firms and 

financially healthy firms is not a fruitful effort, as no such comparison could be made 

with any kind of certainty. The only ratio where this comparison would be potentially 

useful would be when comparing the cash debt coverage ratio. Even though it had a 

significance level of 0.087, i.e. more than 0.05, the significance level is relatively 

speaking, close to being significant. A less stringent significance level, 0.1 for instance, 

would make one successful in rejecting the null hypothesis, and a comparison of means 

between the groups could be made.  

 

The model performed very poorly. The most successful predictions were those of non-

active, where 55% of the firms were correctly classified one year prior bankruptcy. 

This rate of accuracy can be described as no better than random. In a state of two 

random outcomes the probability is 0.5, as in for instance a coin toss. To use the model 

developed would be equal to flipping a coin about the outcome of the firm. As such, it 

can be described as not particularly useful. To relate this back to, the shifted towards 

bankruptcy, Hypothesis II, we fail to reject the null hypothesis. By comparing this rate 

of accuracy with the original Altman Z-score model of a total of 95% (Altman, 1968, p. 

599), and the updated ZETA-model of 90% (Altman et al., 1977, p. 31) it is clear that 

the model presented in this thesis of bankruptcy prediction (see section 5.4.2) is not as 

accurate as previous versions of the Z-score. Even when comparing the rate of accuracy 

with recalculations of the model for firms in Sweden the rate of accuracy of the model 

presented is not sufficient, as Yazdanfar & Nilsson’s (2008, p. 9) model for bankruptcy 

prediction developed using the MDA had a one-year accuracy of 82.8% for Swedish 

firms.  

 

The failure of the model to adequately distinguish between active and non-active firms 

is further aggravated by the coefficients. The coefficient for ratio 5 for instance, -4.958, 

seemed to reward firms that have terrible cash return on assets (even negative in some 

cases). This in itself seems unrealistic as it improved the score for non-active firms and 

distorted the results.  

 

Based on the results of the hypotheses it is apparent that the debt coverage ratio was, 

relatively speaking, more successful in its predictive ability as well as its ability to 

distinguish between groups. Since its significance level was less than 0.05 in the 

equality of group means test, combined with its significance of 0.087 in the 

Independent Samples T-Test, this would suggest that it might be useful in future 

research. This thesis used the discriminant analysis as the means to get a predictive 

model, where this ratio was found not to be significant. As discussed in chapters 3 and 

4, and discussed by Mills & Yamamura (1991), the debt coverage ratio is classified as a 

liquidity/solvency ratio, and not as ongoing operations. Based on this, indeed very 

feeble basis, one can suggest that liquidity and solvency ratios are more useful in 

examining financial health of the firm.  

 

The unlevered cash flow from operations, taken from Penman (2013, p. 122) could 

certainly have been a factor affecting the results. Since this alteration would lower the 
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cash flow from operations, it is quite possible that the model failed to perform. It could 

be argued that the alteration would lead to biased results by penalizing one group, thus 

making it harder to distinguish between the groups. However, as the alterations were 

applied to every company, regardless of whether they were active or not, it is likely to 

think that it would not lead to a bias to such an extent. This is because if the alteration 

somehow punished one set of firms, the average rate of financial distress would be 

higher for this group. However, since the average financial distress rates were quite 

similar, 88.06% for active firms and 79.18% for non-active firms, this potential bias is 

not likely the culprit of the model failing to perform. 

 

The non-normal data result of this thesis is nothing new to research in this area. The 

size of our data is neither in question as far as normality is concerned nor the fact that 

we restricted our study to the retail and service industries. However, we acknowledge 

that the absence of data for all ratios may have been a contributory factor to the extent 

of deviation from normality encountered in the results section. This was caused by the 

situation where variables were being divided by 0. 

 

In addition, there were cases where we had outliers in our data that resulted in our data 

being skewed excessively. These outliers were not the result of an error in measurement 

or input but a result of business activity. In fact in some cases the values used to 

compute some ratios came from firms that had sold off their assets which left them with 

huge cash assets on their balance sheets. In the case of the cash interest coverage ratio 

for instance, there was in most cases an absence or minute values for the interest 

variable which led to quite high ratio values. 

 

None of the assumptions of the discriminant function were met, despite the fact that we 

employed the prescribed procedures described by Frank et al. (1965, p. 253; 254). This 

fact makes one think of Klecka’s (1984, p. 62) words: “When the percentage of correct 

classifications is low, we cannot tell whether this is due to violating the assumptions or 

using weak discriminating variables.”  

 

 

 

6.3 REVISED FRAMEWORK 

 

At the end of this process of analysis and reflection on the theoretical views postulated 

in chapter 3 it is apparent that this research has taken a turn toward a relatively new 

ground. This will be reflected in the final chapter, in the section on future research, but 

at this point in terms of research approaches it is apparent that this paper is quickly 

moving to the centre to the research approach continuum. As such, it is increasingly 

becoming abductive. There is obviously a need for new model measures which will 

reflect current trends and times.  

 

Figure 9 presents the revised framework which represents the outcome of this study, 

and should be compared with the preliminary framework presented in chapter 3. The 

revised framework presented actually describes the framework presented in the 

theoretical framework but with a twist; what it does is show the sections of the 

framework that worked and the various portions of the framework where we 

experienced a breakdown. It also presents the departure from the definition of financial 

distress we adopted as a result of the breakdown which leads to our examination of the 
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first definition of financial distress which is bankruptcy as presented by Pastena & 

Ruland (1986). The boxes are coloured according to whether the step worked or not. A 

red box means that the step, or action, did not perform according to original plan. It can 

be seen that the framework broke down in three places: (1) test for multicollinearity and 

normality, (2) (CFFO/CL)<1, i.e. when the definition of financial distress was applied, 

and (3) the Multiple Discriminant Analysis. The framework did not hold in each of 

these steps, and it had to be revised accordingly. Since the direction of the thesis 

changed, the connection between the positive ratios and the MDA stayed strong since 

an actual, albeit not very accurate, model could be created by combining the ratios and 

the MDA.  

 
 

Figure 9: Revised Framework. 

 

It is explained by Carslaw & Mills (1991, p. 63) that cash flows serve as a remedy to 

finding differences and can be effective when distinguishing cash from non-cash 

activities and show the true status of the firm. In this study and as our results have 

shown, we are tempted to question the usefulness of a variant of cash flows which are 

the ratios we use especially as what we use is supposed to bring clarity. In addition, the 

question of which accounting method may prove effective is another area that comes to 

the top of the agenda. The process of converting accrual measures into cash accounting 

measures with almost non-significant results as far as our core-study is concerned begs 

the question of which accounting method should be adopted by firms and which one 

should be used in prediction purposes especially when Staubus (1989, p. 163) 

advocates that cash flow accounting is relevant when considering the liquidity of a 
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firm, and subsequently financial health. 

 

As stated earlier in chapter 3, the eight ratios were considered to be positive, and the 

ratio definition of financial distress was considered to be normative, using the positive 

and normative types of ratios, described by Barnes (1987). Since the direction of this 

study changed, the ratio definition changed from being a normative one, to being a 

positive one, i.e. a predictive ratio. As noted earlier in this chapter, the only ratio which 

was close to significant and stood out was the debt coverage ratio. The debt coverage 

ratio is a liquidity & solvency ratio, when applying the areas of interest discussed by 

Mills & Yamamura (1998). Thus, using the matrix developed in chapter 3 (see Table 

3), this ratio could be classified as Positive/Liquidity & Solvency (the upper left box in 

Table 3).  

 

It is difficult to tell whether the biases discussed by Frank et al. (1965) exist in this 

study. However, we employed the suggested solutions to overcome such biases were 

they to occur. Therefore we are assured that this area was adequately covered in this 

study. However, the assumptions of the discriminant analysis discussed by Coats & 

Fant (1993) and Lee (2012) were unattainable. These violated assumptions could be the 

single reason why the bankruptcy prediction model was inaccurate. However, in a case 

where our results proved to be extremely high in predictive power, we would consider 

Klecka’s (1984, p. 62) view, that violated assumptions combined with high predictive 

power is not a serious problem for a researcher, and that the outcome is still useful.  

 

 

 

6.4 SUMMARY OF RESULTS AND ANALYSIS 

 

Presented in this section is a summary of chapter 5 and 6, which aims to highlight the 

key findings and remind the reader of what has been found in order to make the 

transition to the conclusions (chapter 7) easier. The definition of financial distress 

adopted for this thesis classified all firms in the sample to be in financial distress at 

some point in time, which made it impossible for us to follow through with the original 

idea of creating the financial distress prediction model. Instead, focus shifted towards 

bankruptcy prediction, and the original hypotheses were tested as if they were meant 

for this purpose. The null hypothesis for Hypothesis Ia, Ib, Ic, Id, Ie, If, Ig, Ih, Ii and 

Hypothesis II failed to be rejected. The shifted focus towards bankruptcy yielded the 

following model:  

 
 

The model was not found to be accurate, with an average rate of classification of 

18.23% for active firms, and 29.8% for non-active firms. The original framework 

developed in chapter 3 broke down in several steps in the process, and these steps were 

identified. There could be multiple reasons why the definition of financial distress 

adopted failed, and the identified reasons were discussed in section 6.1, whilst the 

model itself was discussed in section 6.2.  
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7.0 CONCLUSIONS AND FUTURE RESEARCH 

 

This chapter draws the curtain on our research on the prediction of financial distress. 

It presents the final conclusions, the contributions we have made, possible future 

research areas, ethical and societal implications of this research and ultimately a 

reflection on the quality criteria of research in general and how it applies to our 

research. 

 

 

 

7.1 CONCLUSIONS 

 

The conclusions reached in this thesis are sixth-fold. These first five conclusions are 

only relevant for service- and retail industries in Sweden: the definition of financial 

distress is not relevant; financial distress cannot be described as a cash flow issue; cash 

flow ratios cannot predict bankruptcy; ratios examining ongoing operations are not 

useful in examining financial health; there is not any difference in the means of cash 

flow ratios between active and non-active firms. The sixth conclusion is not context 

specific: there is a need for a conceptual distinction between financial distress and 

bankruptcy. Based on the findings of this study we find it necessary for a review of the 

concepts and the connection, if one clearly exists, between them.  

 

As the various results have shown, there is definitely something to be learnt using the 

experimental strategy in this research; we determine the truth of the relationship 

between financial distress and cash flow ratios as well as bankruptcy in the final 

analysis. Thus, what our tests have done is to weaken this connection or in this case has 

failed to generate a model for financial distress, but it opens up the debate towards 

alternatives which may include new concepts and paradigms (Ryan et al., 2002, p. 29). 

 

Ultimately, to bring an answer to the research question, our variant of the adjusted 

Altman Z-score model cannot predict financial distress.  

 

The main purpose of this study was to develop a model, which is based on the Altman 

Z-score and is accurate in predicting financial distress. This purpose has not been 

fulfilled, because the application of the adopted definition of financial distress made it 

impossible to distinguish between financially distressed firms and healthy firms. The 

shifted focus towards bankruptcy prediction made it possible for us to fulfill the second 

purpose; in focusing on Sweden because of a lack of studies in this geographical 

context. This purpose have been fulfilled, but the contribution related to this purpose 

can be considered to be minor, since the developed model on bankruptcy prediction did 

not perform as well as prior studies in the region (see Yazdanfar & Nilsson, 2008, p. 9).  

 

We do not encourage the use of these results as an end in determining whether cash 

flows are useful or not in other areas of Business research. That matter is a separate 

discussion, which this thesis does not intend to contribute to. Furthermore, our results 

should not be interpreted as signs of businesses in the service- and retail industries as 

weak. In addition, the model developed should not be taken at face value and applied in 

bankruptcy prediction. Such actions could seriously harm business-owners, creditors 

and the wider society. Also, in this particular case we applied an aspect of Wruck’s 

(1990) research to ours. Though it failed, one cannot play down the contribution of 
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Wruck to Business research, and this particular case cannot be said to diminish her 

work.  

 

In addition, the results of this thesis give credence to Gombola et al.’s (1987) study 

referenced in Section 1.1 page 3 that estimated cash flow ratios are prone to errors. Our 

results correspond with Casey & Bartczak’s (1985) that estimated cash flow ratios are 

not significant in predicting bankruptcy. 

 

Perhaps the issue of financial distress is not as important to Sweden as bankruptcy and 

both situations are considered the same, a common thinking and behaviour by some 

researchers. This may account for the study into bankruptcy but not financial distress 

conducted by some researchers. What we have done is to separate the two states and 

drawn attention to the fact that both states are important and should be studied. 

Furthermore, as a result of the findings we had, and the abnormal kind of data we had, 

this could be a reason why not so many studies have been conducted on Sweden. 

 

Similar to our discussion on the research approach and indeed research in general, our 

research performs the duty of challenging existing theory on the subject of financial 

distress and provides an outlook that changes our view of firms particularly those in the 

retail and service industry; that all firms experience financial distress almost 

perpetually and thus contributes to existing knowledge on the subject by rejecting the 

fact that active and non-active firms can be differentiated using cash flow ratios. What 

this means is that there is the need for a better definition of financial distress as 

presented. 

 

Based on the findings of this study we see that there is a need for a change in views on 

financial distress. The majority of definitions of financial distress encountered and the 

ratios used in estimating financial distress have been focused on traditional debt, both 

its repayments and expenses, and the western focus and thought on financial distress 

and bankruptcy have shone through. Since this worldview is firmly established in 

finance- and accounting research, but has been shown not to be particularly relevant, 

there exists a discrepancy between what is thought to be and what is. Thus, we urge 

researchers and practitioners in both disciplines to reconsider their underlying values 

and assumptions of the world. This potential shift in worldviews could make way for a 

change in paradigms, where researchers and practitioners in accounting and finance 

take non-traditional aspects of financial distress, e.g. Islamic Finance and hybrid 

instruments, into account.  

 

 

 

7.2 CONTRIBUTIONS 

 

This study has contributed to theoretical knowledge in showing that the current 

definition of financial distress does not hold. Cash flow ratios may be useful in other 

aspects, but in this particular case they are not suitable. Furthermore, we have shown 

that cash flow ratios cannot predict bankruptcy. We have also shown that there is a 

need for financial theory to evolve by incorporating new aspects, worldviews and 

information.  

 

The potential change in the concept of financial distress could lead to improved and 
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more accurate methods of credit scoring. As it is now firms which may have been 

creditworthy may have been denied access to credit because of them being said to be in 

perpetual distress. If the concept of financial distress and its definition is reconsidered 

this might help firms get access to credit and show which firms are truly viable for 

investors, creditors and the wider public.  

 

Methodologically we have shown that the experimental research strategy is a valid one 

and can yield interesting results, even though this study cannot be considered to be a 

purely experimental one.  

 

 

 

7.3 FUTURE RESEARCH 

 

Based on the findings and results of this study there exists some suggestions for future 

research.  

 

First and foremost, revisiting the definition of financial distress is suggested, as a more 

accurate and up-to-date definition would certainly be helpful to future research. 

Whether the definition is a universal one, or a set of industry-specific definitions is 

open for discussion.  

 

Secondly, accounting research could benefit research in financial distress and 

bankruptcy if intangibles were accurately recognised on the balance sheet. Since there 

are several industries which to a large extent rely on intellectual capital, the balance 

sheets are biased towards industries which show tangible assets, thus thwarting the 

results.  

 

Thirdly, the study used cash flow ratios in prediction in service- and retail industries in 

Sweden. Obviously, this failed. However, this does not imply that other industries may 

not benefit from the use of cash flow ratios in predicting financial distress. Thus, we 

would advocate studies into other industries, based on similar premises.   

 

In our study it is possible that we overlooked the impact of macroeconomic conditions. 

Thus, a study which incorporate such aspects and adjust for them would be very 

interesting to see. Since firms operate in an economy as a whole, the macroeconomic 

aspect of the matter would possibly reflect reality in a more accurate way than what has 

been done in this study. Possible factors to consider could be the interest rates and 

exchange rates. These examples are of course not exhaustive, but merely suggestions. 

 

In addition, firms which follow the guidelines of Islamic finance are not accounted for 

in conventional financial distress literature. Thus, we suggest a study which aims to 

bridge the gap between conventional financial distress research and Islamic finance and 

possibly arrive at a single model.  

 

Finally, as the databases used in this study were severely limited in terms of relying on 

bankrupt firms as a proxy for financially distressed organisations, we would suggest 

that this study is redone with an alternative database. There exists databases which 

contain information about firms who can be considered to be in financial distress, i.e. 

having trouble paying their obligations, but they were not available to us due to 
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financial constraints. A well-funded research team who had access to such a database 

would most certainly yield more interesting, or better, results.  

 

 

 

7.4 ETHICAL AND SOCIETAL IMPLICATIONS 

 

By the end of this research, we as authors have demonstrably maintained our 

objectivity as our results and analysis have been grounded on our positivist and 

objectivist stances stated earlier. Where we have had to reconsider our positions we 

have done so and have duly informed the reader. 

 

Also, we have by our actions taken into consideration the issue of consent and 

anonymity as we have referred to companies not in terms of their names but as given 

codes. Given the failure of the definition of financial distress and the inability to 

distinguish active from non-active firms, the choice of codes for firms seems justified 

both ethically and for the society. This is because, due to us being unable to make a 

distinction, there is the likelihood that should the reader have seen the names of both 

categories of firms, he or she would have drawn immediate conclusions regarding 

financial health. This may have consequences on investments or business deals in said 

companies. Society must be circumspect when evaluating firms and tagging them as 

failed or healthy because there is the likelihood that the benchmarks that are used for 

such evaluation may not necessarily be correct especially when the benchmarks have 

not been the subject of constant revision. 

 

However, not all ethical and societal implications are negative. This thesis helps lenders 

and credit rating agencies in their job in accurately determining who is creditworthy or 

not. If a lender has appropriate understanding and information related to the lending-

decision, his or her decision will be fair and better. Since no one has perfect 

information regarding future events, and every model of credit scoring is an estimation, 

this additional information will bring the lender closer to the ‘true’ decision.  

 

The other side of the lending decision will also benefit from this, as a more accurate 

and correct decision leads to better business opportunities and the harnessing of much 

needed resources. Business-owners and employees whose livelihood depends on the 

continued operations will benefit.  

 

Universities and schools will also benefit by this by questioning the very foundations of 

the theories they intend teaching to students. This can raise critical thinking of students, 

which as far as we are concerned is the most important skill to be acquired through 

University education. 

 

The wider aspects of society, i.e. society as a whole, will most likely benefit from this 

research since the improved understanding of underlying values and worldviews can 

lead to increased business opportunities which can benefit the nation- and world-wide 

economy.  
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7.5 QUALITY CRITERIA 

 

In order to assess the quality of the research undertaken in this thesis a set of quality 

assessments will be undertaken. The three areas are: Reliability, validity, and 

replicability (Saunders et al., 2012, p. 192-193; Bryman & Bell, 2011, p. 157-167). 

Even though these assessments are made by the authors, and are thus subjective, they 

are still relevant to make. Since we, the authors, have had most insight into the project, 

one could argue that if a problem with this study’s quality would be most likely to be 

identified and assessed it would be by us. However, as time of the project goes on it 

becomes harder and harder to spot errors, assumptions, and overall bad research. This is 

because the longer the project goes on, the more things start to normalize for the 

researcher, and important self-criticism could start failing. Before discussing the quality 

of the research, and taking these two aspects into consideration, the assessments made 

should be read with skepticism. Even though we like to think we analysed the quality 

of the research in an objective way, we might have missed certain aspects, or we may 

even be biased and the skeptical reader could find flaws in our assessments of the 

quality. Lastly, we are open to this critique, and urge the reader to read the paper with a 

skeptical mind. 

 

 

7.5.1 RELIABILITY 

 

Reliability concerns whether the findings of a research project would be consistent, if 

redone (Saunders et al., 2012, p. 192). In other words, are the findings of the study 

reliable, or would they change depending on the researcher and settings? The answer to 

this is twofold. Yes, it is reliable in the sense that if a different researcher redid the 

study with the current set of data, the same findings would be produced. However, if 

the settings changed the findings might change. Since this study intended to investigate 

financial distress, the quality and availability of data changes depending on the 

economic fluctuations. If the economy goes into a recession, it is likely to think that 

more firms will experience financial distress, thus affecting the availability of data. 

Thus, if this study was redone under different economic conditions it is not unlikely 

that the results would differ from the ones of this study. To summarise: reliability is 

high if the study would be redone with the current data, but reliability runs the risk of 

being low if the study was redone in a different setting. 

 

 

7.5.2 VALIDITY 

 

This quality criterion can be split into three sub-sections: construct validity, internal 

validity, and external validity (Saunders et al., 2012, p. 193-194). Construct validity 

concerns whether the researcher studied what he or she intended to study, and what was 

measured was accurately measured (Saunders et al., 2012, p. 193). Since we aimed to 

study financial distress but did not have access to a database with exclusively such data, 

a proxy had to be used. This proxy failed to perform as intended, making this study 

experience a lack of construct validity. A study with high internal validity is one where 

the causal relationships established are very likely, most often statistically established 

(Saunders et al., 2012, p. 193). This thesis failed to establish any causal relationships, 

and thus the internal validity cannot be discussed as such. If the model developed had 

shown good results, the internal validity could be assessed. External validity could be 
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described as generalisability, that is, whether the findings of the research can be 

generalised to other areas, groups or settings (Saunders et al., 2012, p. 194). The 

findings of this study can be seen as both generalisable, and at the same time not. Since 

this thesis studied two industries in a very specific range of years, part of the findings 

are considered to be very context specific. Thus, the external validity is quite low. 

However, in terms of the definition of financial distress and its attendant issues our 

study is generalisable.  

 

 

7.4.3 REPLICABILITY 

 

Replicability concerns whether or not the study undertaken can be redone (Bryman & 

Bell, 2011, p. 165). For instance, if a study is undertaken to examine a phenomenon 

which occurs every 1000 years, the replicability can be considered to be very low. As 

for this study, it is easy to replicate since the procedures of data collection are described 

and the data is readily available, as is the procedures and methods employed in 

analysing the data. Thus, if a researcher would like to replicate the study it would be 

possible.  

 

 

 

7.6 FINAL THOUGHTS 

 

Reconsidering the methodological choices and positions asserted in chapter 2, we 

acknowledge that what we set out to do was not what this study ended up with. First of 

all, we set out following a deductive approach, but as the study went on we realised that 

our approach has been more abductive. Second, when taking the conclusions and 

contributions of this study into account along with the propositions for future research 

we cannot easily be placed within the functionalist paradigm. Our position on the 

subjective-objective continuum has not changed; rather it is the position radical change-

regulation which has. Our findings and conclusions aim to inspire to new research 

which challenges the status quo, which is not typical for the researcher within this 

paradigm. To conclude our study, our justified belief about the objective truth, financial 

distress, is that we cannot predict it, and the road to bankruptcy is yet to be determined. 

 

 

 

 

 

 

 

 

 

 

“It is impossible to speak in such a way that you cannot be misunderstood; 

there will always be some who misunderstand you”  

- Karl Popper 
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Appendix 1: Q-Q Plots for ratios. 
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Appendix 2: Independent Samples T-test 
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Appendix 3: 

Means of 

Ratios 

         

Company ratio 1 ratio 2 ratio 3 ratio 4 ratio 5 ratio 6 ratio 7 ratio 8 ratio 9 

NON-ACTIVE 54.57 5090.5 -0.66 -66.74 24.49 24.49 0.19 0.77 
5116.5

0 

NON-ACTIVE 18.16 -0.01   -14.13 -0.01 -0.01 -1.30 -5.06 4.27 

NON-ACTIVE   2.25     0.13 0.13 0.00 1.00 2.25 

NON-ACTIVE 9.85 0.32 3.85 -5.59 0.14 0.14 -0.49 2.45 1.04 

NON-ACTIVE -47.57 0.01   0.90 0.01 0.01 -0.46 0.90 0.01 

NON-ACTIVE   -0.02   0.48 -0.01 -0.01 0.28 -1.81 -0.24 

NON-ACTIVE 51.82 -2.30   -0.28 -1.10 -1.10 1.25 0.87 -1.56 

NON-ACTIVE   -1.90   4.99 -0.16 -0.16 0.29 1.31 0.13 

NON-ACTIVE       1.26 0.14 0.14   1.13   

NON-ACTIVE -2.54 0.01   5.02 0.02 0.02 -0.07 3.40 0.17 

NON-ACTIVE 

-
133.7

5 -0.32 3.10 57.68 -0.23 -0.23 13.22 2.59 -27.67 

NON-ACTIVE 0.00 -2.28 0.78 -9.13 -0.02 -0.02 -0.70 0.82 -0.01 

NON-ACTIVE   0.00   0.00 0.00 0.00 2.42 0.33 0.00 

NON-ACTIVE 97.48 1.11 63.72 3.68 0.17 0.17 0.95 1.26 1.11 

NON-ACTIVE -1.00   0.34 0.63 0.03 0.03   16.73   

NON-ACTIVE 16.16 -0.73   -0.70 -0.41 -0.41 1.26 -0.57 -0.97 

NON-ACTIVE   1.59   0.84 0.20 0.20 -0.71 0.91 1.59 

NON-ACTIVE 10.08 0.76   -2.89 0.02 0.02 -0.33 0.87 0.76 

NON-ACTIVE   -0.79   0.26 0.11 0.11 -4.07 1.00 -0.79 

NON-ACTIVE 40.76 -8.79   1.00 -0.65 -0.65 4.98 0.63 -3.21 

NON-ACTIVE 1.68 0.15   1.13 -0.01 -0.01 3.03 1.14 0.15 

NON-ACTIVE 
236.9

2 1.40 22.64 -59.61 0.44 0.44 -0.59 1.66 1.44 

NON-ACTIVE 

-
186.2

6 1.31 0.77 30.43 0.99 0.99 -0.15 0.98 1.92 

NON-ACTIVE -0.03 -0.44   0.45 -0.01 -0.01 -2.34 0.53 -0.44 

NON-ACTIVE -2.64 -0.20   1.30 -0.77 -0.77 -4.71 1.42 -0.20 

NON-ACTIVE -14.08 0.03   0.75 0.02 0.02 -0.68 -0.17 0.03 

NON-ACTIVE -16.10 1.02   -0.02 2.33 2.33 0.00 
239.9

9 1.02 

NON-ACTIVE 2.05 0.42   -2.94 0.13 0.13 0.27 0.95 0.42 

NON-ACTIVE 38.74 -0.07   2.20 -0.05 -0.05 0.61 -8.62 -0.07 

NON-ACTIVE 0.00 0.00     0.00 0.00 0.00 0.33 0.00 

NON-ACTIVE 55.71 -0.69 5.75 -11.47 0.11 0.11 0.26 4.88 -1.41 

NON-ACTIVE       1.26 0.00 0.00   0.63   

NON-ACTIVE -11.98 4.33   62.36 -0.16 -0.16 -0.97 -6.24 4.33 

NON-ACTIVE -27.29 -0.03   1.29     -0.93 1.00 -0.20 

NON-ACTIVE -4.85 -0.36   0.38 -0.05 -0.05 2.26 0.47 -0.36 



 

viii 

 

NON-ACTIVE -32.25 1.35   1.40 1.29 1.29 -0.87 1.26 1.35 

NON-ACTIVE   -0.42   0.04 -0.45 -0.45 -0.54 0.89 -0.42 

NON-ACTIVE 19.89 -0.76 -1.75 -0.99 -0.01 -0.01 -0.46 0.24 -0.11 

NON-ACTIVE   0.00   -21.65 0.14 0.14 0.12 -24.35 0.00 

NON-ACTIVE   0.20   -1.18 -0.03 -0.03 -3.52 1.71 -2.12 

NON-ACTIVE         0.00 0.00   0.00   

NON-ACTIVE 1.50 0.10   0.79 0.05 0.05 -0.57 1.45 0.11 

NON-ACTIVE -1.69 -0.67   0.80 -0.15 -0.15 0.14 0.80 -0.67 

NON-ACTIVE 

-
139.9

5 0.57   -8.80 0.29 0.29 -0.01 1.31 0.57 

NON-ACTIVE 0.00 -7.85   37.26 -21.38 -21.38 -0.53 0.82 -7.85 

NON-ACTIVE 25.30 -0.28 0.21 3.40 0.03 0.03 1.25 0.75 0.30 

NON-ACTIVE -3.37 -0.17   1.61 -0.10 -0.10 0.06 0.41 -2.82 

NON-ACTIVE 0.00 -0.51   -0.58 -0.03 -0.03 -0.37 1.00 -0.51 

NON-ACTIVE 0.00 0.14   1.58 -0.01 -0.01 2.22 0.62 0.14 

NON-ACTIVE     -0.01 2.52 -0.08 -0.08 -13.61 0.38 10.43 

NON-ACTIVE   -1.17   -61.51 -2.81 -2.81 -0.45 1.14 -1.17 

NON-ACTIVE -0.87 0.39   1.81 -0.04 -0.04 0.38 -2.11 0.11 

NON-ACTIVE 81.35 0.24   -1.35 0.07 0.07 -0.15 -5.27 1.48 

NON-ACTIVE 0.00 -0.41   0.75 -0.29 -0.29 0.73 0.76 -1.37 

NON-ACTIVE 7.75 0.04   1.26 0.00 0.00 0.00 0.92 0.04 

NON-ACTIVE 
455.7

8 4.64 11.15 -1.33 0.36 0.36 26.58 1.20 4.94 

NON-ACTIVE 

-
180.3

8 -12.67 1.31 -0.58 0.05 0.05 -0.14 -0.30 -12.67 

NON-ACTIVE   0.60   0.62 0.13 0.13 -1.02 0.99 0.60 

NON-ACTIVE 56.68 2.74 8.20 -5.24 0.31 0.31 -5.41 1.40 3.03 

NON-ACTIVE   0.21   -2.25 0.01 0.01 -2.09 4.21 0.74 

NON-ACTIVE 0.00 -1.72 -0.47 -13.97 0.12 0.12 0.02 -0.30 3.43 

NON-ACTIVE 27.47 -0.03   -6.88 0.02 0.02 2.47 -4.58 -0.03 

NON-ACTIVE 59.00 11.80     0.15 0.15 0.00 1.00 11.80 

NON-ACTIVE         0.00 0.00   0.00   

NON-ACTIVE -1.33 -0.10   1.98 -0.02 -0.02 -7.89 0.87 -0.10 

NON-ACTIVE 
292.3

9 6.33 4.15 0.41 0.14 0.14 13.99 1.17 9.88 

NON-ACTIVE -55.02 -0.18   2.79 -0.41 -0.41 0.58 1.04 -0.18 

NON-ACTIVE -7.83 -0.59   0.78 -0.14 -0.14 -2.09 1.02 -0.59 

NON-ACTIVE -5.92 -2.14 -0.29 29.43 0.04 0.04 0.00 0.76 13.10 

NON-ACTIVE 9.00 -24.16   60.63 0.00 0.00 -0.08 
131.7

4 -30.43 

NON-ACTIVE -31.69 -0.36   2.78 0.09 0.09 -0.16 1.23 -0.36 

NON-ACTIVE   -3.90   0.95 -0.33 -0.33 -7.50 0.95 -3.90 

NON-ACTIVE   -0.27   0.94 -0.01 -0.01 0.35 1.14 -0.96 

NON-ACTIVE   0.00   1.26 0.00 0.00 -0.39 0.93 -0.20 



 

ix 

 

NON-ACTIVE 16.78 1.70   0.55 -2.44 -2.44 6.59 -1.68 2.23 

NON-ACTIVE 0.00 -18.16 -0.93 8.76 -0.37 -0.37 0.72 0.85 -9.49 

NON-ACTIVE   -0.66 -0.48 0.00 -0.02 -0.02 0.66 1.17 -0.34 

NON-ACTIVE 0.65 -0.01   -180.50 -0.02 -0.02 0.03 7.00 3.33 

NON-ACTIVE -3.13 4.72   -0.78 0.23 0.23 -0.20 0.52 5.51 

NON-ACTIVE 
170.0

3 -7.08 0.24 -55.12 0.05 0.05 -0.83 0.31 2.99 

NON-ACTIVE -6.29 -1.76   1.11 -0.81 -0.81 0.92 1.08 -1.76 

ACTIVE 86.71 0.08   1.61 0.04 0.04 1.06 1.08 0.08 

ACTIVE 
100.2

5 0.01 2.14 0.43 0.10 0.10 -7.65 1.86 0.57 

ACTIVE 3.07 0.03   1.89 0.01 0.01 1.10 2.13 0.03 

ACTIVE 
269.2

1 0.06 1.89 1.02 0.05 0.05 -0.05 0.02 0.17 

ACTIVE 9.99 0.28 1.84 1.29 0.09 0.09 1.02 3.70 0.53 

ACTIVE -3.30 -0.02   0.17 -0.04 -0.04 -12.20 -2.41 0.04 

ACTIVE 
103.9

7 0.07 4.88 -3.05 0.06 0.06 0.81 5.62 0.10 

ACTIVE 
155.8

0 0.47 2.24 0.96 0.16 0.16 -0.06 0.81 0.96 

ACTIVE 29.80 -0.02 1.59 0.71 0.05 0.05 -0.75 4.73 0.11 

ACTIVE 0.38 -0.30 0.01 1.09 -0.04 -0.04 -0.20 0.76 -0.21 

ACTIVE -1.54 0.21   1.09 0.06 0.06 -0.19 0.86 0.23 

ACTIVE 

-
141.7

3 -1.36 0.68 3.76 -0.39 -0.39 3.69 0.78 -1.28 

ACTIVE 
117.6

2 -1.40 -0.18 2.33 -0.05 -0.05 0.70 -0.03 -0.60 

ACTIVE 1.79 0.10 3.10 -1.76 0.03 0.03 0.13 -1.51 0.16 

ACTIVE 1.66 0.07   0.41 0.06 0.06 -0.46 1.70 0.07 

ACTIVE 
205.7

0 -0.02 18.87 0.92 0.09 0.09 -0.57 0.87 -0.08 

ACTIVE 
148.3

3 0.28   0.97 -0.02 -0.02 -0.35 1.42 0.28 

ACTIVE -5.22 0.06   -1.47 0.02 0.02 -0.31 1.99 0.07 

ACTIVE 12.83 0.10 4.39 2.40 0.12 0.12 -0.24 -30.52 0.67 

ACTIVE 1.64 0.12   -0.06 0.11 0.11 -1.54 11.29 0.37 

ACTIVE 
267.6

4 -0.25 0.15 -0.11 -0.01 -0.01 -0.47 -0.03 0.13 

ACTIVE 1.36 0.06 17.23 2.15 0.06 0.06 0.17 2.19 0.15 

ACTIVE 
399.5

6 0.04   -2.26 0.04 0.04 -1.24 1.22 0.13 

ACTIVE 5.76 0.24   0.17 0.07 0.07 0.84 -0.21 0.91 

ACTIVE 1.83 -0.06   2.75 -0.01 -0.01 -2.70 4.45 0.11 

ACTIVE -8.85 -0.20 -2.34 -1.03 -0.06 -0.06 -0.53 0.03 -0.17 

ACTIVE -10.37 0.25 -1.67 -8.40 0.10 0.10 0.14 6.86 0.25 

ACTIVE 5.97 0.15 283.1 0.54 0.08 0.08 -0.99 0.87 0.52 



 

x 

 

6 

ACTIVE 
115.2

8 0.28 1.47 0.27 0.14 0.14 -4.61 3.59 0.73 

ACTIVE 
549.4

5 0.02 0.72 0.36 0.11 0.11 
114.2

8 1.23 0.24 

ACTIVE 3.52 0.02   1.03 0.01 0.01 -0.78 1.29 0.03 

ACTIVE 86.18 0.00 0.42 -2.50 0.04 0.04 
939.4

9 1.15 0.64 

ACTIVE 2.84 0.07   0.91 0.05 0.05 -3.36 -0.88 0.12 

ACTIVE 9.39 0.06 -1.21 0.50 0.05 0.05 -0.96 2.33 0.22 

ACTIVE   0.45 9.03 0.64 0.30 0.30 -4.02 1.03 0.88 

ACTIVE 11.43 -0.01   2.43 0.05 0.05 -0.01 -4.58 0.26 

ACTIVE 
183.4

3 -0.14 0.18 1.35 -0.02 -0.02 5.14 -0.52 0.11 

ACTIVE 
377.7

2 0.10 1.07 0.27 0.18 0.18 -9.35 0.92 0.43 

ACTIVE 
174.9

2 0.11 1.55 0.80 0.10 0.10 0.11 1.16 0.13 

ACTIVE 18.94 0.07   -4.38 0.02 0.02 -0.47 2.45 0.23 

ACTIVE 11.07 0.71 -2.25 0.45 0.07 0.07 -1.66 0.55 1.31 

ACTIVE -6.93 -0.73 0.39 0.53 0.02 0.02 -1.16 2.32 0.06 

ACTIVE 9.68 0.05 2.42 0.40 0.04 0.04 -8.73 7.81 0.06 

ACTIVE -1.97 -0.03   1.95 -0.37 -0.37 0.11 0.95 -0.13 

ACTIVE 29.53 0.55 5.37 1.05 0.29 0.29 7.91 1.81 0.94 

ACTIVE -20.68 -0.03   3.82 -0.01 -0.01 0.04 14.93 -0.01 

ACTIVE 27.20 0.09 6.07 0.67 0.11 0.11 0.72 2.18 0.28 

ACTIVE 66.56 0.09 1.91 0.71 0.12 0.12 -0.54 3.81 0.19 

ACTIVE 2.15 0.08 1.61 0.61 0.07 0.07 -0.76 1.05 0.15 

ACTIVE 2.79 0.35   1.13 0.10 0.10 -1.12 0.78 0.36 

ACTIVE -70.80 -0.47 0.34 -15.53 0.00 0.00 -0.35 -0.01 3.20 

ACTIVE 13.45 0.33   1.01 0.11 0.11 -0.70 -2.31 0.33 

ACTIVE 14.79 -0.48 0.00 0.38 -0.62 -0.62 1.59 0.72 -0.53 

ACTIVE 12.84 -1.00   2.87 -0.07 -0.07 -0.05 7.77 -1.00 

ACTIVE -3.91 -0.01   6.18 -0.01 -0.01 -0.28 -27.69 0.02 

ACTIVE 
137.3

2 0.03   -0.75 0.02 0.02 -0.10 5.16 0.03 

ACTIVE 
105.0

6 0.35 2.61 1.27 0.22 0.22 -2.35 1.50 0.58 

ACTIVE 92.44 -22.22 42.96 -18.83 -0.08 -0.08 6.61 5.89 -19.71 

ACTIVE 7.01 0.09 1.90 3.12 0.08 0.08 -0.74 2.41 0.14 

ACTIVE -5.85 -0.18 3.12 0.76 -0.08 -0.08 0.72 0.46 -0.33 

ACTIVE 14.01 0.09 2.63 0.74 0.09 0.09 -0.75 2.64 0.30 

ACTIVE 33.31 -0.09 3.99 0.58 0.02 0.02 0.57 3.17 0.07 

ACTIVE 11.11 -0.03   3.38 -0.03 -0.03 0.77 -13.70 -0.07 

ACTIVE -17.63 -0.06 1.88 0.70 0.01 0.01 -0.86 0.77 -0.02 

ACTIVE 17.98 0.34 10.21 1.20 0.25 0.25 -0.68 1.79 1.00 



 

xi 

 

ACTIVE 5.31 0.24   1.00 0.16 0.16 -0.98 1.59 0.48 

ACTIVE 23.32 -0.04 0.91 0.35 0.12 0.12 -1.27 -0.35 0.24 

ACTIVE 0.02 -0.01 1.06 2.97 -0.01 -0.01 -0.10 -0.10 0.02 

ACTIVE 
104.6

1 -0.22 0.49 -52.15 0.11 0.11 -0.34 0.73 1.60 

ACTIVE 24.36 0.09   3.82 0.08 0.08 0.15 8.28 0.15 

ACTIVE -0.23 0.05   5.98 0.02 0.02 -0.14 
179.5

6 0.05 

ACTIVE 3.10 0.09 -0.11 -54.42 0.03 0.03 0.32 -20.96 0.79 

ACTIVE 62.63 0.04 1.98 0.79 0.04 0.04 0.09 1.10 0.07 

ACTIVE 2.62 -0.03 0.42 -2.07 0.02 0.02 -0.57 5.88 0.07 

ACTIVE 3.80 0.14   0.84 0.10 0.10 -0.22 -0.53 0.54 

ACTIVE -4.81 -0.16   0.86 -0.45 -0.45 0.69 3.35 -0.18 

ACTIVE 37.01 0.10 0.09 4.03 0.09 0.09 1.19 -2.33 0.29 

ACTIVE 18.12 0.29 2.26 0.31 0.14 0.14 0.38 1.11 0.36 

ACTIVE 3.66 0.10   1.00 0.07 0.07 0.55 0.47 0.14 

ACTIVE 34.18 0.00   0.16 0.00 0.00 0.27 0.00 0.00 

ACTIVE 8.75 0.05 2.12 2.01 0.05 0.05 -0.12 1.96 0.07 

ACTIVE 
317.5

9 0.02 0.01 1.91 0.08 0.08 -2.50 -26.06 0.11 

ACTIVE 

-
346.2

2 -0.05   0.31 -0.08 -0.08 -0.77 1.01 -0.05 

ACTIVE 
254.5

5 0.33 -0.96 -46.44 0.05 0.05 2.66 0.51 3.51 

ACTIVE 
399.4

4 0.29 1.00 -1.20 0.08 0.08 0.40 4.14 0.61 

ACTIVE 58.33 0.01 0.33 0.48 0.04 0.04 0.82 1.29 0.06 

ACTIVE -5.02 -0.04 1.78 -0.75 -0.01 -0.01 -0.30 9.02 -0.01 

ACTIVE 10.06 -0.05   0.13 -0.03 -0.03 3.41 -0.25 -0.12 

ACTIVE   0.25   -0.10 0.04 0.04 -5.39 0.85 0.25 

ACTIVE 1.44 -0.28 0.09 0.20 0.02 0.02 0.71 12.65 0.08 

ACTIVE 61.63 -0.08 10.47 0.27 -0.06 -0.06 0.21 0.49 -0.49 

ACTIVE -1.17 -0.01   -8.73 -0.01 -0.01 0.20 -0.76 -0.01 

ACTIVE 18.82 0.02 1.56 0.22 0.06 0.06 -2.99 -2.22 0.18 

ACTIVE 29.92 -0.09 0.27 -2.78 0.03 0.03 -0.66 4.73 0.09 

ACTIVE 97.70 0.27   3.30 -1.20 -1.20 0.00 4.91 0.27 

ACTIVE -28.15 -6.03 1.14 0.95 -0.05 -0.05 1.57 0.97 -5.91 

ACTIVE -0.79 -0.26   -2.75 0.01 0.01 0.74 -6.16 -0.27 

ACTIVE 16.38 -0.03   -0.28 6.55 6.55 -0.30 -0.17 0.97 

ACTIVE 31.67 0.01 0.68 0.51 0.02 0.02 -0.41 2.50 0.07 

ACTIVE 77.84 0.19 2.33 0.91 0.14 0.14 3.17 0.07 0.46 

ACTIVE -0.68 0.01 1.88 1.84 0.01 0.01 -0.07 4.84 0.06 

ACTIVE 19.70 164.95 2.11 -2087.70 -3.86 -3.86 0.00 -2.02 223.59 

ACTIVE 3.94 0.10 3.47 1.07 0.09 0.09 -0.36 -5.87 0.30 

ACTIVE -57.46 -0.40   0.33 -0.33 -0.33 0.49 59.98 -0.61 



 

xii 

 

ACTIVE 2.56 0.06 4.73 1.16 0.05 0.05 -0.54 3.36 0.10 

ACTIVE 6.80 0.03   1.99 -0.01 -0.01 -0.09 -0.30 0.15 

ACTIVE 6.60 0.15   1.48 0.09 0.09 42.17 1.19 0.16 

ACTIVE   3.23 2.02 0.49 0.15 0.15 -0.78 3.15 3.26 

ACTIVE 23.10 0.21 1.15 2.64 0.13 0.13 -1.34 -0.24 0.43 

ACTIVE 
395.8

5 0.05 -0.62 0.18 0.04 0.04 -0.19 -1.82 0.05 

ACTIVE 41.82 -0.24   0.16 0.03 0.03 0.65 1.16 -0.24 

ACTIVE 4.13 0.06 -0.17 -1.00 0.03 0.03 -0.05 -0.44 0.12 

ACTIVE 0.30 0.01   0.81 0.03 0.03 -0.11 -11.22 0.98 

ACTIVE 11.30 0.08 0.52 0.75 0.05 0.05 1.89 9.94 0.17 

ACTIVE   -1.04   0.97 -0.22 -0.22 2.45 0.94 -1.04 

ACTIVE 3.52 0.13   0.38 0.04 0.04 0.00 2.96 0.34 

ACTIVE -47.86 0.37   0.87 0.08 0.08 0.13 1.40 0.37 

ACTIVE 
224.4

5 0.06   0.03 0.03 0.03 0.19 3.14 0.07 

ACTIVE 16.22 0.11   1.28 0.00 0.00 -8.29 -0.39 0.11 

ACTIVE 

-
268.1

9 0.00 -0.82 2.79 0.02 0.02 -0.88 3.09 0.06 

ACTIVE 3.04 0.06 5.41 0.96 0.02 0.02 -0.43 2.37 0.07 

ACTIVE 2.01 0.04   -0.36 0.04 0.04 0.22 3.46 0.08 

ACTIVE   -0.22 -1.79 1.29 -0.04 -0.04 0.42 1.13 -0.19 

ACTIVE 12.15 0.04   0.88 0.03 0.03 0.19 1.07 0.04 

ACTIVE 1.84 0.07   1.56 0.05 0.05 -0.36 6.63 0.12 

ACTIVE 4.77 0.19 10.02 -0.66 0.12 0.12 -2.11 1.37 0.45 

ACTIVE 12.21 -0.11   17.29 -0.05 -0.05 -1.95 -12.86 -0.58 

ACTIVE 2.00 0.04 3.49 -0.19 0.03 0.03 -0.13 -1.50 0.07 

ACTIVE 59.31 0.37 4.69 1.12 0.19 0.19 3.47 1.80 0.67 

ACTIVE 
112.8

6 -0.09 0.80 0.37 0.08 0.08 -1.51 1.08 0.17 

ACTIVE 20.11 0.37   -3.20 0.21 0.21 -0.16 -1.52 0.39 

ACTIVE 2.56 0.11   0.99 0.10 0.10 -0.42 1.23 0.47 

ACTIVE -16.62 -0.49 -0.22 -0.14 -0.05 -0.05 -0.76 0.25 -0.11 

ACTIVE 6.94 0.09 4.07 -0.37 0.09 0.09 -0.57 8.43 0.11 

ACTIVE 27.46 -0.55 -0.04 1.17 0.00 0.00 -1.68 0.81 -0.26 

ACTIVE   -0.04 9.26 0.59 -0.04 -0.04 0.13 2.09 -0.03 

ACTIVE -18.89 -0.05 0.72 0.54 0.05 0.05 -1.88 0.76 0.17 

ACTIVE 74.93 0.05 1.63 2.50 0.09 0.09 1.65 1.78 0.15 

ACTIVE   1.93   0.95 0.30 0.30 -11.29 1.13 1.93 

ACTIVE -39.08 0.10   1.11 0.04 0.04 -0.04 -26.58 0.17 

ACTIVE 6.36 0.29   0.34 0.06 0.06 0.99 1.57 1.05 

ACTIVE 46.25 -0.08 -1.16 7.71 -0.09 -0.09 

-
797.9

8 1.26 0.09 

ACTIVE 1.17 0.18   0.21 0.02 0.02 0.07 756.9 0.69 



 

xiii 

 

2 

ACTIVE 8.72 0.13 5.03 1.71 0.09 0.09 -7.68 1.21 0.37 

ACTIVE -0.53 0.00   1.26 -1.21 -1.21 0.00 1.10 0.00 

ACTIVE -3.00 0.31   0.39 2.95 2.95 -0.05 0.38 0.31 
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