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Executive summary 

 

Firms are increasingly buffeted by more rapid, unexpected and incessant changes in external 

business conditions. In this context, this thesis represents an approach seeking to explain and 

understand why some firms are more sensitive to changes in general business conditions.  

 

In this thesis, theoretical considerations embedded in Austrian capital theory, are used in order to 

achieve this insight. However, Austrian capital theory applied on a firm-level has been subject to 

little academic attention. Thus, a specific distinct contribution of this thesis is the operationalization 

of key concepts into measurable variables on a firm-level. Key concepts used are time and capital 

heterogeneity. The suggestion is that a firm’s capital position in the temporal capital structure 

moderates its sensitivity to changes in general business conditions 

 

This thesis uses extensive firm data from 6.511 firms collected from ORBIS covering the period 

from 2003-2012. The proposed relationships are explored through the development of two 

regression models. First, using output data from 2003-2012, 6.511 separate estimations measuring 

sensitivity to changes in general business conditions are calculated. Hence, the same regression 

model with time series data is used for all 6.511 estimations. Second, using a cross-sectional 

multiple regression model, the variation in these 6.511 firm estimations are explained through the 

use of the developed measurable variables. 

 

The thesis cannot establish evidence for the suggestion that a firm’s capital position has a 

moderating explanation to sensitivity to changes in general business conditions. But, instead of 

rejecting Austrian capital theory applied on firm-level, it is suggested that evidence cannot be 

established due to substantial non-response issues in data. Hence, the proposed model applied with 

better data may give improved insights. 
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1.  
 

Fluctuations in demand/supply are an almost defining character of significant economic changes 

and calls for changes in the level of production. However, little is understood about how these 

adjustments impact at firm level (Duus, 1999, 2013). Here, mainstream economic theories states, 

that when changes move the optimal equilibrium, production capacity is adjusted efficiently. How 

capacity is adjusted, in terms of different effects on different firms, is not an issue that is dealt with 

as firms are identical according to the production function (Foss, 2010; Lewin, 2005: p. 157-158). 

Hence, the static micro-economic traditions relying on rather strong and unrealistic assumptions 

about homogenous capital, complete information etc., has little to contribute with during significant 

change in the economic system. The implicit view is that change is incorporated well due to low 

switching costs (Foss, 2012; Lewin, 2005; Hendrikse, 2003: p.47-83).  

 

Thus, it seems important that a more general understanding of change and its impact on firms is 

studied through the observed reality instead of micro-economic ideas and concepts. For example, a 

good indicator of important limitations in micro-economic ideals is, that economic indicators used 

by institutional economic organizations (NBER; OECD) and grounded in considerable literature, 

seems to have successfully forecasted various up- and downturns in production output (Burns and 

Mitchell, 1946; Zarnowitz and Moore, 1977; Zarnowitz and Phillip, 1993; Arbel and Ravid, 1983; 

Karfunkle, 1969; Niemira, 1982; Choi, 2003; Hiemstra, and Ismail, 1992; Stock & Watson, 2004). 

This, among other things, may indicate that a significant part of the capital system is separated in 

time and can be characterized as heterogeneous capital, not homogenous. In this thesis, particularly 

the concepts of time and capital heterogeneity will be used in order to understand change in 

business conditions and how firms are affected during this change. 

1.2 Situation 
 

The existence of increased volatility in 1) the business environment, 2) customer preferences and 3) 

changeable technologies has been proven by several studies (Campbell, Lettau, Malkiel and Xu, 

2001; Comin and Mulani, 2004; Chaney, Gabaix and Philippon, 2005; Gordon, 2009; Laudicina, 

2005; Grant, 2010; p.125; Oxelheim and Wihlborg, 1997; Christopher and Holweg, 2011). This 

increase in uncertainty has forced firms to focus on resources and capabilities in order to compete 

(Grant, 2010; p. 120:150; Barney, 1991; Grant, 1996; Spender, Kraaijenbrink and Groen, 2010) and  
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thus investing in technological and scientific development has increased (Von Zedtwitz and 

Gassmann, 2002; Ambos, 2005).  

 

At the same time, firms have moved towards more internationalized organizations which are 

increasingly fragmented and vertical disintegrated (Grant, 2010; p. 125; Jacobides and Billinger, 

2005; Quinn and Hilmer, 1994; Rothaermel, Hitt and Lloyd, 2006; Sturgeon, 2002; Gereffi, 

Sturgeon and Humphrey, 2005). Consequently, business-to-business markets have grown in size. A 

proposition made by Langlois (2003) equally captures this development. His proposition is 

illustrated in figure 1.1. 

 

Figure 1.1 illustrates the changing dynamics of the industrial capital system. The straight line 

trending upwards represents increasing thickness of (business) markets over time. The curved line 

represents that urgency of buffering increased from 1880, but between the period of 1880 and 1990 

the urgency of buffering started to decrease. So, during the end of the last century, the “vanishing 

hand”, understood as increasing governance by markets and hybrids instead of organizations, 

started to dominate the industrial system. Hence, the industrial system tilted towards more 

governance by markets. Here, other studies have made similar findings and observations (Arndt, 

1979; Håkonsson, 1987).  

 

FIGURE 1.1 –The vanishing hand: The changing dynamics of industrial capitalism  

 

 
 

Source: Langlois, 2003 

Thickness of markets is the volume 

of markets. Markets have increased 

primarily due to development in 

demographics and income 

 
Urgency of buffering is the degree 

of complexity in production and the 

need for high-throughput 

coordination in production. Urgency 

of buffering has started to decline 

recently due to decreased 

opportunities for firms to exploit 

economics of scale caused by 

technological change. 
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The combination of these observations indicate, that firms are increasingly buffeted by more rapid, 

unexpected and incessant changes in external business conditions, and that firms business-to-

business markets operations are increasing significantly. As studies have indicated that turbulence is 

highest in these business markets (Skousen, 2007; Bodie, Kane and Marcus, 2009; p. 553-558), it is 

likely that firms will increase their focus on how turbulence and change affect them. Here, a study 

also recently concluded that an overwhelming 99% of their 213 Danish firm respondents are to 

various degrees interested in external analysis (Nielsen and Madsen, 2011). Consequently, interest 

in external analysis within the area of corporate strategy is likely to rise along with the increased 

business turbulence (Duus, 2013).  

1.3 Problem statement 
 

The objective of this thesis is to understand firms sensitivity to external changes in business 

conditions as it seems that turbulence affects firms in very different ways (Bodie, Kane and Marcus, 

2009; p. 555-585; Petersen and Strongin, 1996). Here, traditional external market analysis 

associated with industrial organization economics, (Porter, 1981; Bain, 1956; Scherer and Ross, 

1990) tends to analyze the proximate market environment, apply a somewhat short-termed time 

horizon and most important is rather static in nature. Therefore, these approaches are unsuitable for 

handling dynamic changes from external turbulence (Grant, 2010; p. 64-95). This thesis represents a 

more dynamic approach seeking to explain and understand why some firms are affected more by 

changes in general business conditions (CGBC). This thesis will mainly introduce and apply 

theoretical considerations embedded in Austrian economics and more specifically, Austrian Capital 

theory, which places capital heterogeneity and the structural temporal dimension of productions 

processes at center of the analysis (Skousen, 2007; Garrison, 2005; Foss, 2012). Notably, it has 

been proposed that a structural approach, as opposed to a neoclassical “input production function”, 

may be more conducive to studies of business institutions and practices, and to rules, institutions 

and standards in a changing world (Lewin, 2005). Here, corporate strategy, as a field of inquiry, is 

heavily indebted to economics and notions about capital, and thus it seems advantageous to attempt 

to include other approaches to capital in the strategic field (Foss and Ishikawa, 2006). Specifically, 

it has been pointed out, that theoretical considerations embedded in Austrian economics may give 

important hints as to which firms will rise and fall during economic change (Duus, 2013) 
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Combined with this objective, and indications that managers choose poor strategies ahead of and 

during changes in general business conditions because of misinterpretations of the given situations 

(Van der Stede, 2009), it seems that further research in this direction is important in order to 

understand the effect that change has on firms output.  

 

Based on the above review of the increased turbulence and potential implications for firms output, 

the purpose of this thesis is to understand firms general sensitivity to changing business conditions 

through theoretical considerations which are empirically tested. The following key- and sub- 

questions are identified 

 

Why are certain firms and their output more sensitive to changes in general business 

conditions? 

1.4 Research questions 
 

In order to answer the problem statement it is necessary to investigate the underlying factors which 

affect the possible answer to the problem statement. In this thesis, a theoretical deductive focus is 

applied. The problem statement is divided into five research questions: 

 

1. How can theoretical considerations imbedded within Austrian capital theory 

explain firms sensitivity to external changes? 

2. In which circumstances are these theoretical considerations most applicable?  

3. How do we measure changes in general business conditions? 

4. How well do these theoretical considerations match empirical output sensitivity to 

changes in general business conditions? 

 

1.5 Delimitations 
 

CGBC vary in intensity and length, as well as the underlying mechanisms that bring them about and 

sustain them (Arnold, 2002). Furthermore, the way firms responds to change is a complex issue that 

covers many types of mechanisms, such as competitive positioning, innovation, human behavior, 

labor hoarding, financing strategies, scaling of production, etc. (Petersen and Strongin, 1996; Foss, 

2010; Van der stede, 2009; Comin and Philipon, 2005). Therefore, research choices regarding 
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ontology and epistemology seems important to the relevance of the findings as mechanisms 

affecting firms output production during change is many and varied. I.e. different approaches in 

research philosophies regarding this thesis topic can easily be justified. However, and as elaborated 

further on below, this thesis assumes that certain general causalities can be found within the 

economic system, although their explanatory force will be less than complete due to the effects 

from other known mechanisms left out in the analysis. 

 

Firm output sensitivity may also arise due to changes in ownership, for example M&A´s, takeover, 

etc. According to such a view, the boundaries of the organizations – the firm - is not the right 

measurement. Some observations may actually be influenced by such effects, but in general this 

paper assumes that these effects are insignificant. Furthermore, the paper will attempt to check if 

such effects are present. 

 

Optimally, we would want to measure how proximate demand and supply conditions affect a 

specific firm in order to see if changes in these have a large impact on firm output. However, it is 

out of scope to measure and map every firms proximate demand/supply conditions. Consequently, 

we use CGBC in order to indicate how demand/supply conditions are changing for the specific firm. 

Although this may be good indicator in general, some of the firms will not be affected by these even 

though this is assumed.  

 

This thesis uses theoretical considerations in relation to Austrian capital theory, but several other 

factors may be used in order determine output sensitivity to changes in general business conditions. 

However, due to the scope of this thesis, these approaches are left out of the analysis. Furthermore, 

if these factors are independent of the mechanisms embedded within Austrian capital theory, the 

results of this thesis are valid anyway (See section 4). These approaches and their possible 

contributions to the problems statement are presented below: 

 

Product life cycle  

Several studies have indicated that products undergo roughly four stages in their life cycle which 

affects output: Introduction, which are characterized by high research & development (R&D)  costs, 

low market penetration and few customers. Growth, which is characterized by accelerating market 

penetration, capital intensity and more standardization. Maturity, which is characterized by slowing 
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growth, increased competition and replacement of demand. Decline, which is characterized by the 

product becoming obsolete as technological development makes other products superior. It seems 

reasonable to assume that many firms may have similar attributes, although many studies have 

shown that some firms can continuously innovate new products (Grant, 2010; p. 265-287; Anderson 

and Zeithaml, 1984; Petersen and Plenborg, 2012: p. 106-107).  

 

Organizational arrangement 

In order to reduce sensitivity in firms output, it has been suggested that firms are organizing their 

way out of these problems. Companies can eliminate their sensitivity to turbulence by organizing 

their way out of risk, uncertainty and turbulence through contracts with customers and suppliers. 

These network approaches allows for development of trust, sharing of production capacity and 

greater learning between partners. Consequently, networks can share their risk in volatile markets 

and therefore have a superior ability to reconfigure the functional elements of production according 

to rapidly changing output requirements and the rise of new markets (Duus, 2013; Arndt, 1979; 

Håkonsson, 1987; Sturgeon, 2002). According to this approach, knowledge about sensitivity to 

change is less important, as problems with changing output can be solved through external 

partnerships and the sharing of production capacity.  

 

Competition and Deregulation  

Considerable evidence have documented that after episodes of political deregulation of production, 

volatility in firms return and output increases significantly. This increase might be due to falling 

barriers to entry throughout the economy. When new firms can enter the marketplace easily, the 

profits of the incumbent firms are likely to become more volatile. Evidence seems to suggest that 

although market leaders are as profitable today as they were before deregulation, firms are 

significantly less likely to remain leaders for very long time partly due to increased innovation and 

finance. Hence, firms in environments with higher degrees of regulation may be less affected by 

CGBC (Irvine and Pontiff, 2009: Comin and Philippon, 2005) 

 

External finance 

Several studies have indicated that increases in supply of (external) finance increases the number of 

firms and enables more risk taking among firms. All things equal, this leads to more volatility in 
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firms output, which presumably also affects the measurement of firms sensitivity to CGBC (Li, 

Morck Yang and Yeung, 2004; Obstfeld, 1994; Comin and Philippon, 2005).  

 

The deselection of these approaches further indicates that findings and discussions within this thesis 

will lack explanatory force due to the exclusion of certain factors. However, and as mentioned 

above, if these factors are independent of the mechanisms embedded within Austrian capital theory, 

the results of this thesis are valid anyway due to statistical properties embedded in regression 

analysis (See section 4).  
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2.  

 

In order to evaluate firms sensitivity to CGBC, it is important to be precise when choosing the 

model and approach. Several approaches may be used to explain sensitivity of firms to CGBC. 

Motives for choosing the particular research approach are presented below.  

2.1 Research approach 
 

The purpose of this section is not to submit to a special branch of social science. The purpose of this 

section is to obtain an understanding of this paper’s object of analysis and how knowledge of the 

object is best gathered as this is crucial for the reader’s perception of the conclusions. As Colin Hay 

(2002; p. 92) simply articulate it: “We must decide what exists out there to know about it (ontology) 

before we can consider how we might go about acquiring knowledge of it (epistemology)”. Thus, 

this paper assumes the following: 

Ontological considerations: This paper will apply an ontological approach embedded in 

objectivism (Bryman, 2012; p. 16). Therefore, this paper assumes and accepts reality in the sense 

that there is a realm which exists and works independently of our knowledge to it. “The shape of the 

earth has not changed, although our perception of it has over a couple of thousand years”.  

Epistemological considerations: Reality is not depending on our understanding and interpretation 

of it. Hence, empirical data is only relevant in a theoretical context. “The earth does not change 

shape, according to the observer“ 

Thus, this paper assumes that certain sequential causalities exist within productive activities due to 

the structural nature of the of industrial capital system (Skousen, 2007; Hayek, 1939; Garrison, 

2001). Or as Garrison (2001) states it “The pattern of resource allocation can be modified in 

systematic ways, changing the temporal profile of production activities”. Basic is to understand that 

productive activity, as defined in this paper, is a sequence of events occurring within the capital 

system regardless of our understanding and knowledge of it.  

The assumptions seem reasonable as turbulence in firms output is a quantifiable and observable 

reality, where several studies has indicated that sequences/patterns within the economic system tend 

to move systematically together, or with systematic time-legs during economic change (Hodrick 

and Prescott, 1997; Foss, 2010). Here and in further support of these assumptions, economic 
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leading, coincident and lagging indicators have gained a substantial amount of interest from various 

economic institutions and have successfully forecasted various up- and downturns in different 

economic settings. This indicates that certain causalities do exist within the economic system and 

these causalities are sequential in nature (Arbel and Ravid, 1983; Karfunkle, 1969; Niemira, 1982; 

Choi, 1999; Maurer, 1985; Hiemstra, and Ismail, 1992; Zarnowitz and Moore, 1977; Zarnowitz, 

1992). Hence, these observations strongly imply that firms are affected systematically different with 

respect to certain key characteristics.  

Yet, as the economic system is highly complex and immense, arguably a vast amount of mutual, as 

well as unique, factors also influence the production output of a given firm. Here, studies 

emphasizing more momentary effects such as culture, irrational human behaviour, etc. with other 

ontological and epistemological assumptions may equally be justified in order to examine firms 

sensitivity to CGBC. In fact, although the economic indicators described above have in general 

remained the same, the weightings of the indicators are subject to continuously reconsiderations 

indicating that momentary factors exits. Consequently, momentary factors are equally likely to exist 

within the economic system, implying that deductive findings will be deficient.  

Thus, the theoretical understanding and empirical analysis of the firms sensitivity to CGBC applies 

to quantitative methods in this thesis. In line with the research philosophy above, the empirical 

analysis pursues methods that are structured and suitable for verification (Gill & Johnson, 2002). 

But numerous approaches within this research philosophy may be applied including the level of the 

analysis (Macro-, meso or micro) and the level of abstraction (Meta, concept or data).  

In table 2.1. below, the vertical column in the left hand side displays the level of abstraction: the 

meta-level resembles the philosophies and drivers of the individual theories; the concept-level 

explains the theoretical models, techniques, and procedures; and the data-level is where actual 

research results and finite information would be categorized. The top horizontal row of categories 

resembles theoretical considerations on the macro-, meso-, and micro-economic environment. 

Macro- and meso-level theories go beyond the border of capital- and industrial classifications and 

discuss how aggregated economic sector variables (Money, effective demand, Labour/Capital, etc) 

behaves and develops. The micro-level theories focus on a more disaggregated analysis, and on 

general features in firms and their input/output conditions (Capital classifications, general 

demand/supply conditions, etc).  
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The subject of research in this thesis is therefore limited to apply a theoretical explanation and 

categorize this into information and results. Here, the thesis refrains from analyzing and discussing 

all variables and factors affecting firms sensitivity to CGBC. But, this thesis is neither an in-depth 

case study. The aim is not to understand firm-specific factors according to individual firms, but 

rather factors according to general firm-characteristics. Consequently, the thesis applies a deductive 

approach to research, as existing theory is used to develop concepts regarding firms sensitivity to 

CGBC.  

2.2 Choice of theory 
 

As pointed out above, several approaches to firm sensitivity to general business conditions may be 

used. However, most of these approaches are naive methods without causality explanations. Hence, 

they may be criticized for not being grounded in economic theory and thus seek descriptive 

purposes (Duus, 2013; Bodie, Kane and Marcus, 2009: p. 349-353, Chou, 1989; p. 865-906). That 

is, these approaches neglects explanatory purposes, as those causalities that do exist within the 

market system are always incorporated in ex-ante resource allocations through technical statistical 

correlation analysis (Allen, Myers and Brealey, 2008; p. 352-385; Kendall, 1953). Nevertheless, 

other observations indicate that explanatory purposes may exist. For example, as elaborated above, 

the success and prevalence of the leading, lagging and coincident economic indicators, seems to 

indicate that capital is not mobile, but rather evolves (slowly) through vertical time-separated 

economic processes (Duus, 1999; 2013). Consequently, one way to explain the effectiveness of 

economic indicators is by allowing certain sequences to exist within the capital system. Hence, their 

effectiveness seems to indicate that causalities exist – also on a firm-level. This same logic, which 

Table 2.1 – Scope of research 

 

 Macro Meso Micro 

Meta No No No 

Concept No No Yes 

Data No No Yes 

 

Source: Inspiration from Brandt and Krogslund (2009) and own production.  
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indicates that causalities exist, is also valid for the descriptive technical analysis mentioned above, 

which success may be attributed to a sluggish response to fundamental supply- and demand factors 

(Bodie, Kane and Marcus, 2009; p. 395-403; Hodrick and Prescott, 1997). 

 

Here, these well-described causalities/sequences may be explained by applying an Austrian 

structural approach to capital (Duus, 1999, 2013), which views the capital system as a 

heterogeneous vertical structure of capital goods separated in time (Foss, 2012). Key concepts used 

are time and capital heterogeneity in order to analyze temporal patterns (and problems) in resource 

allocation. This approach has several attractive attributes when analyzing firms sensitivity to 

CGBC. First, Austrian capital theory (Lewin, 2005; Skousen, 2007; Garrison, 2001; Foss, 2012) 

study changes in external business conditions as this approach views economic processes as 

sequential and therefore following the same order of occurrence. The theory suggests that goods of 

different orders may react systematically different to change and therefore can be applied to “give 

important hints as to which products, markets, and firms will rise and fall during economic 

turbulence” (Duus, 2013: p. 13). Here, according to Austrian capital theory, capital goods can be 

put into a scheme of ‘orders’. Goods of the first, or lowest, order are those closest to direct 

consumption; second, third and higher orders constitutes producer goods which is placed 

increasingly remote in time from goods of the lowest order (Menger, 1871; Hayek, 1939; Skousen, 

2007; Garrison, 2001; Lewin, 2005).  

 

Second, the Austrian capital theory inherently incorporates the notion of change. That is, the 

concept of change should be grasped in the realm of the capital system and linked to the notion of 

substitutability versus complementarity. According to Lachmann (1947; p. 109-110), 

substitutability is a “phenomenon of change” that arises when an initial plan has gone wrong. Thus, 

substitutability becomes meaningful only after a factor can no longer be part of an existing plan. In 

fact, complementarity is a feature of stability, implying a certain technical rigidity (Foss and 

Ishiwawa, 2006). Thereby, the concept of change is naturally incorporated in the Austrian capital 

theory.  

 

However, notions from Austrian capital theory applied on similar analytical levels are few and 

limited. That is, most articles with notions and considerations embedded in Austrian economics are 

concerned with the macro environment (see table 2.1) (Foss, 2012). Consequently, this thesis must 
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be regarded as pioneering in its purpose and seeking to make a distinct contribution in 

implementing Austrian capital theory on a micro-level. But, although this paper’s deduction are 

mainly build upon notions from Austrian capital theory, other findings from various papers will be 

introduced and used (if relevant) in the construction and measurement of important variables.  

2.3 Choice of method 
 

This thesis uses a deductive analytical approach to study the relationship between “firm sensitivity” 

and “changes in general business conditions”, and will on the basis of what is theoretically known 

deduce suggestions that are tested empirically through analytical regression methods with public 

existing statistics. However, some studies have proposed that process methods may be superior in 

addressing exactly these kinds of theoretical considerations. That is, process theory may be able to 

address more complex dynamics in time-ordered data (Chiles, 2003; Foss and Ishiwawa, 2006). 

Specifically, process theory may be able to capture the inherent “imputed value” (Garrison, 2001) 

proposed by Austrian Capital theory, as it tracks the movement and direction of value through the 

value chain in time. However, as this paper seeks general findings, the application of process theory 

with multiple cases is estimated to be too time consuming. That is, in order to apply process theory, 

it is required that numerous value chains are mapped – and it is estimated that it takes considerable 

time even to map one value chain. Therefore, this method is not applied in this paper.  

 

Instead, this thesis uses regression analysis, as this method, is more easily incorporated into the 

deductive character of the problem statement and the chosen theoretical considerations regarding 

this topic. However, an empirical approach also poses a number of challenges with respect to the 

measurement of important concepts. Thus, this paper uses literature and findings in order to define 

and operationalize the concepts as accurately as possible. This strategy has several favorable 

qualities in relation to the research questions. First, as reflected in the problem statement, this paper 

pursues generalized findings, and therefore extensive datasets are preferred. Second, in accordance 

with the problem statement, regression analysis of extensive empirical data is characterized as 

explanatory, as it seeks causalities between variables inferred by theoretical considerations 

(Wooldridge, 2009: p. 12-17).1  

 

                                                 
1
 With a quantitative approach applied, there is often ambiguity about the direction and presence of causal influence in 

the data concerning variables. This issue may also be relevant in this paper. In order to infer that one variable causes the 

other, common sense and theoretical ideas are used, but the iss ues are discussed further below (Bryman, 2004).  
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In order to apply regression analysis, this study will use a non-experimental analysis in order to 

incorporate the two dimensions of individuals (firms) and time. In short, this means that data is 

collected in order to interpret if certain things tend to be related to each other. This approach seems 

most appropriate as a regression analysis allows for evaluating the causality between regressed 

variables over time (Wooldridge, 2009: p 340-376). Hence, the time dimension of the data is used to 

obtain a measure of each firm’s sensitivity to CGBC; this measure is then regressed against the 

capital orders depicted in the Austrian capital theory. By applying this technique, the study may 

indicate how and if capital reacts in sequences as depicted by the theory. 

 

Selecting quantitative collection method 

 

Quantitative collection methods available for this thesis include survey research by questionnaire 

and secondary analysis/official statistics (Bryman, 2004: p. 26-60). Survey research by 

questionnaire could be an advantageous method due to some of the limitations in quantifying 

Austrian capital theory. I.e. it may be possible to construct more precise collection methods which 

can be tested empirically with a survey questionnaire.  

 

Explicitly, Austrian capital theory has been criticized for its “one-way temporal sequence”, where 

the structure of production is a one-way flow of goods from high-order goods to low-order goods. 

Here, as illustrated by Frank Knight´s translation of Menger (1871) “coal may be used in the 

production of steel while steel is used in the production of coal”. Thus, the causalities are not that 

obvious and this example illustrates a clear violation of production moving forward in time. In order 

to comply with these limitations, a questionnaire seems more flexible in order to comprehend the 

complexities of the movement of production. Furthermore, another key concept which might be 

measured better through survey research is heterogeneity. Measuring heterogeneity as defined by 

the degree of complementarity has proven very difficult – maybe impossible - and time consuming 

(Stern, 2011). However, although a survey approach could be advantageous in order to more 

precisely measure some of the complexities depicted by the structural process theory, it is out of 

scope to implement two different research methods.  

 

Therefore, the quantitative methods applied in this thesis will consist of secondary statistics 

gathered from ORBIS. The selection of a specific quantitative technique is made in section 4. 
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2.4 Data collection 
 

As described above, this thesis will use secondary statistics data. This approach is chosen due to the 

general purposes of the study and due to the vast availability of good secondary statistics. The 

amount and quality of micro-data on firm level is wide-ranging and have increased in recent years. 

This ensures that the results can be as general as possible across countries, industries and value 

chains etc. This is important due to the fact that some value chains are global and in order to capture 

these, one needs to collect data across national borders and across different value chains. 

Furthermore, by viewing several databases it where quickly identified that the databases performed 

well in terms of fitting the data to the operationalized concepts.  

 

Specifically, ORBIS is a database consisting of firm-level micro-data. The database includes app. 

108 million firms in 212 countries. The database includes more than 200 variables providing 

accounting and ownership information. Furthermore, the database is specifically used to study 

issues like productivity and innovation, and thus seems highly relevant to this research. ORBIS 

essentially works by scanning the most relevant firm database(s) in each registered country taking 

into account quality insurance, category of firms and accuracy of the information. Data collection is 

designed to minimize non-systematic errors in the capturing, coding and electronic registration of 

statistical variables. Quality controls are present at different stages of the production process and 

especially balance-sheet information, as used by this paper, are considered good quality. 

Furthermore, it is suggested that comparability with regards to important variables across countries 

and time periods, etc. are considered less of a problem in the ORBIS database due to common 

international formats of balance sheets and internationally common activity classifications. As a 

result, the ORBIS database is considered a reliable provider of data. Information from Denmark is 

collected from “Experian DK”.  However, it should be emphasized that the database is regarded as a 

collection of business records rather than a comprehensive and coherent business register and so, 

the coverage of certain sectors and especially of smaller firms may not be consistent across 

countries. Consequently, the ORBIS database is likely to suffer from structural bias in its coverage 

of firms and particular small and medium-sized firms are underrepresented in the ORBIS database 

(Ribeiro, Menghinello and Backer, 2010). This bias will be discussed in the results.  
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2.5 Reliability, replication and validity 
 

In terms of reliability, the measurements devised to measure key concepts developed in this paper 

may be inconsistent. That is, the way R&D and fixed assets (measurements used in the development 

of key variables in section 3) are registered, may be different for particular periods and geographical 

areas. Consequently, the measure developed in this thesis may be unstable and likewise the 

findings. 

 

The findings made in this paper are considered replicable. That is, data is gathered from databases 

available for the public. However, some processes connected to cleaning and inspecting data are 

made in Excel, where program codes cannot be displayed and this may make some procedures less 

transparent. Still, cleaning and inspecting processes are presented in appendix B. 

 

Several issues regarding validity can be discussed. First, the measures developed in this paper are 

likely not reflecting the key concepts to the fullest. Second, reverse causality between key variables 

may be an issue. Third, due to observed sampling bias illustrated in section 5, the external validity 

may be considerably limited. These issues regarding validity are addressed more thorough in the 

discussion below  

2.6 Structure 
 

To answer the questions outlined in the problem statement the thesis is organized into 5 parts as 

suggested by Wooldridge (2009: p. 678-686). Section 3 specifies the theoretical domain and 

translates this into testable variables. Section 4 presents the model which describes the proposed 

relationships. Here, the estimation methods are also discussed. In section 5, empirical basis and the 

sample is presented. In section 6 the model is applied on data and results are presented. Section 7 

proceeds with a discussion of the results and how these results may be used. Table 2.2 illustrates 

this structure.  
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Table 2.2 – Thesis structure 

 

Main parts Key subjects Summary 

Theoretical 

considerations 

•Austrian Capital theory 

•Development of concepts on firm-

level 

Covers Austrian capital theory and the 

transformation of key concepts into measurable 

variables 

Model •Population relationship 

•Model assumptions  

 

Describes the proposed model relationship between 

the developed variables. Discusses potential issues 

with regards to determining population relationship. 

Data • Data sources and collection 

• Variable definitions and summary 

statistics 

• Sampling bias  

Provides a detailed description of data collection and 

sample. Describes the link between data and 

variables 

Results • Estimation of models presented in 

section 4. 

• Testing OLS assumptions for the 

models presented in section 4. 

 

The proposed model in section 4 is applied to the 

data presented in section 5. The estimation output is 

then tested for in terms of OLS model assumptions. 

Discussion •Reliability and validity of analysis  

•Future research 

 

Discussion of main findings and potential further 

research 

 

Source: Own production 
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3.  
 

This paper studies the relationship between “firm sensitivity” and “changes in general business 

conditions”, and will on the basis of what is theoretical known deduce considerations that are tested 

empirically through quantitative statistics. This approach is chosen due to the deductive character of 

the problem stated. Motives for choosing the particular theory and the application of the theoretical 

considerations are presented below. However, as selected theory in this paper can be categorized as 

a somewhat abstract theory and therefore less prone to empirical testing, this paper seeks to 

decompose the theory into lower levels of generality in order to operationalize key concepts and 

their relationships (Merton, 1967; Bryman and Cramer, 2009: p. 3). Hence, this sections starts with 

a brief introduction into Austrian economics and Austrian capital theory and its relevance for the 

research. Next, using the concepts from Austrian capital theory, this paper attempts to 

operationalize key insights from Austrian capital theory in order to test its proposed research 

causalities. Here, theory will act loosely as a set of concerns in relation to which the model is build. 

That is, a specific development of a set of hypotheses will not be made (Bryman, 2004: p. 62-81). 

3.1 Theoretical Background - Austrian economics  
 

The idea of capital is central to the study of economics and many different schools have emerged 

and studied the concept of capital. Here, Austrian economics and its emphasis on using a time 

structural approach to capital is unique (Garrison, 2001). Those most responsible for developing the 

structural view of capital, namely, Menger (1871), Joseph Schumpeter (1954), Friedrich Hayek 

(1939) and Ludwig Lachmann (1956) have historically gained a smaller amount of attention within 

the field of economics (Lewin, 2005: p. 157; Skousen, 2007: p. 89). However, some studies seem to 

suggest that the interest and relevance of Austrian economics are growing (Duus, 2013; Lewin 

,2005: p. 157; Foss and Ishikawa, 2006: p. 2). This development is accordingly to Lewin (2005) 

closely related to the fact that it is only recently that new insights in Austrian Capital theory has 

come to be seen as relevant to the inquiry of the economics of the organization of production 

(Lewin, 2005: p. 158).  

 

Specifically, the attention is directed to the fact that mainstream neoclassical microeconomics and 

their notion on the production function has no real theory of the firm. The emphasis on a static 

equilibrium analysis neglects certain aspects of human action and decision in micro-economics and 
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it is assumed that the rate of return acts as a mechanism which allocates resources effectively into 

their best uses on the production frontier (Lewin, 2005: p. 157-158; Foss and Ishikawa, 2006: 

p.755-757).  Capital is mostly2 seen as a homogenous input which essentially reduces all differences 

between firms. Consequently, this approach to capital is unable to explain why some firms are 

performing differently than others. Therefore, in order to study firms and business in a changing 

world, the processes ignored by Neoclassical economics, namely, the processes whereby resources 

are selected, combined and used in a world where resources are scarce, is essential. Or as Lewin 

(2005) shortly puts it 

 

“.. any real attempt to understand the inner workings of the firms must take us away from 

the quantitative approach and bring us to the structural approach to Capital”3 (Lewin, 2005: 

p.158) 

 

The Austrian capital theory therefore views production processes as heterogeneous and they are 

following a sequential order through time. An approach very different from viewing production 

processes as homogeneous, highly mobile in its uses and timeless (capital as being perfect 

substitutes (Lachmann, 1947; 114)). Here, the capital system is viewed as atemporal and change is 

ultimately rapidly incorporated in the system. Opposite to this, change and its impact on capital is in 

the centre of the analysis in Austrian Capital theory (Lachmann, 1956). The production of goods 

and services is continues, not simultaneous, which is a crucial distinction between Austrian capital 

theory and mainstream economics as this demonstrates that production is not a timeless process 

(Skousen, 2007: p. 142) 

 

However, and as elaborated above, the required application of Austrian capital theory on a firm-

level basis has not been used in many similar micro-level settings4 (Duus, 2013). In order to 

incorporate notions from Austrian capital theory, this paper will use theoretical considerations from 

                                                 
2
 Notions from the RBV-view (Barney, 1991; Grant 1996) and thus idiosyncratic and firm-specific factors have been 

incorporated into equilibrium analysis in Chicago Industrial economics. Chicago Industrial economics thus recognizes 

idiosyncratic performance, but they still obtain that equilibrium exits and it is assumed that resource attributes are 

objectively given. Hence, any capital combination that can be implemented by firm x can – trivially, as capital goods 

were economically identical – also be implemented by firm y  (Foss and Ishikawa, 2006: p.751-756) 
3
 Quantitative approach = intrinsic/fundamental input vales. 

4
 Most applications of Austrian Capital theory are used in connection with the “Austrian bus iness cycle theory” (Keeler, 

2001; Mulligan, 2006). Hence, these applications are used for more macro-economic discussions. However, it is also 

mentioned that it is exactly the microeconomic foundations in Austrian economics, which makes it suitably for ap plying 

it on macroeconomics (Garrison, 2001).  
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several papers to ensure that the considerations are in accordance with consensus within relevant 

literature. 

3.2 A time-structural approach to capital and change 
 

Some of the most important insights from Austrian capital theory treat issues related to how change 

affects the capital system. That is, time matters in a capital system and the economic processes must 

be recognized as production processes with heterogeneous capital. Here, spending on some 

(heterogeneous) assets, but not others, alter the pattern on resource allocation in the economy. In a 

path dependence world, it is costly to switch the use of these assets. In order to grasp these notions, 

this paper will accordingly use mainstream microeconomics5 as a benchmark and present their 

notions on change and how Austrian capital theory differs. This will enable the paper to more 

precisely incorporate notions from Austrian capital theory by stating what Austrian capital theory is 

and maybe more important, what it is not. 

 

In equilibrium, notions about heterogeneous capital are not important, as it is assumed that markets 

will obtain (nearly) equilibrium even with the presence of heterogeneous capital (Foss, 2012). This 

is because 1) initial economic schemes made by rational market participants, always ensure that 

capital and factor inputs are put into their best and 2), if there is a change, it is the input, which 

brings intrinsic value to capital and these inputs can (easily) be used in new economic schemes. 

(Foss and Ishikawa, 2006: p.755-757; Lewin, 2005: p. 149). Thus, it is assumed that markets ensure 

that the capital economic system will press capital into their best use as captured by the production 

possibility frontier (Foss and Ishikawa, 2006: p.755). Here, if capital becomes unprofitable, the rate 

of return will ensure that the input is withdrawn and invested more efficiently elsewhere – a steady 

state will in the long run be formed and capital accumulation stops. In this process of transforming 

capital into their best use, it is assumed that no change will occur to the economic projections made 

in the initial schemes (Lewin, 2005: p. 149) 

 

It is, among other things, this change which Austrian capital theory addresses by introducing how 

change interrupts and affects capital moving, with a tendency (Kirzner, 1997), towards equilibrium. 

In Austrian capital theory, it is anticipated that the capital system only moves with a tendency 

                                                 
5
 This paper refers to mainstream economics as the widely used concepts related to equilibrium (Hendrikse, 2003: p.47-

83). It is recognized, that this is to carry the term to the extremes as main stream economics is an opaque concept.  
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towards equilibrium as Austrian capital theory acknowledges human conduct in the production 

processes. Specifically, it is recognized that humans are not perfectly rational and may make errors 

in their decisions. These notions are introduced in the ”the entrepreneurial discovery process” as a 

concept. This concept outlines that although entrepreneurs sometimes make mistakes and destroys 

value, markets and economic forces tends to offer incentives, which selects the best agents and thus 

is likely to stimulate equilibrative movement. Hence, on average, the capital system creates 

incentives which offer rewards to those who on average can better anticipate and use resources 

effectively (Kirzner, 1997).  

 

By using this “entrepreneurial discovery process” concept, time seen on a continuum, becomes 

important in capital investment. The time-dimension in Austrian economics outlines that capital is 

prevented from moving into equilibrium instantaneously, but rather tends to move continuously into 

equilibrium in a complex multistage entrepreneurial process unfolding through time and employing 

intermediate goods. Hence, human decisions regarding optimal production methods are affected by 

time as decisions are not deployed immediately but deployed over time. In order to understand the 

importance of the time-dimension and its impact on capital during change, it is important to 

understand how capital facilitates consumption – the main goal of an economic system.  

 

Here, at any moment of time, some goods are useful for consumption and some only contribute to 

the production of goods available for consumption. Austrian capital theory introduces different 

orders of goods in order to grasp this reality. Thus, production processes and the capital used in this 

process can be classified along a time continuum. Goods of the lowest order are those consumed 

directly today. Tools and machines used to produce those consumptions goods are of a higher order 

and those capital goods used to produce the tools and machines are of an even higher order 

(Garrison, 2001; Skousen, 2007; Foss and Ishikawa, 2006: p.756). Therefore, time is inevitably 

involved in the notion of capital, as some capital cannot be used for direct consumption. The 

economic system is designed in this way in order to maximize total consumption available. That is, 

by developing production methods (goods of higher orders) which are more efficient than current 

production methods, goods for consumption available in the system are increased (quantitative) 

and/or improved (quality) (Lewin, 2005: p. 153). However, although total consumption is increased 

in the long run with more efficient methods, this more efficient production of consumption goods 

are linked to the long run capitalization and thus, use of these capital goods. Hence, a more efficient 
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method will, in the long run, increase consumption, but only if the production of these consumption 

goods are scattered into the future. Consequently, rewards of increased (quantitative) and/or 

improved (quality) only results, if more time-consuming methods of production are adopted (Lewin, 

2005; Garrison, 2001). The processes described above are also referred to as capital widening and 

capital deepening. Capital widening occurs when more capital is used in the same stage of 

production, whereas capital deepening occurs when capital moves towards more “remote stages” of 

production  (Skousen, 2007: p. 237-239) 

 

An example; it is anticipated that a given developed machine will produce 100 goods. Hence, it has 

the value of these 100 goods and can be traded today for a discounted amount corresponding to 

these 100 consumption goods. However, this machine cannot produce 100 consumption goods 

instantaneously, but only 1 consumption goods at a given amount of production time. Hence, its 

value is dependent upon stability in demand during the time elapse of the next 100 productions, as 

the machine cannot produce other things than these goods. Also, the machine cannot produce these 

100 goods today, and thus capitalize its value immediately, due to the time it takes to produce one 

good at a time (Skousen, 2007: p. 157-161). Consequently, the value of the machine is dependent 

on stability (or change as the inverse example) in its demand and supply projections.  

 

Consequently, the trade-off in the production process is that it takes time to develop these methods 

and while these methods are being developed and/or used gradually, one has to sacrifice immediate 

consumption in the interests of providing increased consumption at later points in time. Or as Lewin 

(2005) precisely outlines it 

 

“Thus, by wisely selecting more roundabout (efficient) methods of production, increases in 

value can be obtained and these have to be weighed against the “cost” of waiting” 

 

Ultimately, Austrian capital theory make the crucial assumption that capital only exists because it 

expresses value over extended time. Notice here, that the theory assumes that value of capital is 

prospective and attached to consumption made in a lower (and a later time) part of the value chain. 

This gives a crucial insight, which illustrates that value of all goods is determined by their ability to 

satisfy consumer wants, and the value of higher order goods is given (‘imputed’) by the value of the 

lower-order goods they serve to produce (Foss and Ishikawa, 2006: p. 755-757; Lewin, 2005; ).  
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In the end, it is where capital is situated in this time separated system of structural capital orders, 

which determines how sensitive output from capital is to changes in external business conditions. 

Specifically, it is explicitly assumed that capital of higher orders (more efficient production 

methods) are made with increasingly more specific purposes. For example, tools and machines 

designed with the purpose to maintain or supply other higher order equipment, are solely reliable on 

the value of these goods and thus more specific in nature. The more the purpose of the capital is 

functionally connected to capital of higher orders (in contrast to purposes connected to lower 

orders), the more narrow is the use of the capital and the more connected is the capital’s value to 

other capital goods. Contrary, the closer the goods are to consumption, the less specific are their 

purpose and they are easier integrated into other uses during change. 

 

 A key notion of causality then is that the higher these goods are in the capital structure the more 

functionally connected the capital is to other production methods. The capital basically becomes 

more complementary and characterized by capital heterogeneity, the higher the order in the capital 

structure. Therefore, capitals sensitivity to changes in general business conditions is dependent on 

whether “complementarity or substitutability is the dominant relationship” (Lachman, 1947: p. 14), 

as the capital goods that lose their function in an initial plan have to be scrapped or, at best, 

regrouped within another plan. Or as Lachmann (1947) argues “substitutability is a phenomenon of 

change that arises whenever an initial plan goes wrong”. Thereby, capital complementarity becomes 

a feature of stability, whereas capital sustainability becomes a feature of instability (Lachmann, 

1947: p. 110). Hence, change affects capital and values, only because of the fact that some capital in 

the economy is heterogeneous and complementary in nature. Consequently, economic processes are 

less flexible than assumed by those who emphasize homogenous capital.  

 

Ultimately, this paper’s key proposed causality is, that during considerable change, capital 

reallocations are omnipresent. Owners horizon become more short-termed and demand subtracts, 

which leads to capital reallocations and potentially unused capital (Foss, 2010). This development is 

further accelerated due to ongoing expectations of increasing or continuing change. The key 

assumption then is that capital situated in the highest stages of production has the highest 

complementarity (and thus specific purpose) compared to lower stages. It is this complementary 

capital, separated from immediate consumption by a considerable structural time-lag, which has the 

most sensitive output to CGBC. Using notions within Austrian capital theory, this paper will seek  
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out to measure and explain capitals sensitivity to CGBC by applying the scheme of capital orders on 

a firm-level analysis. Here, figure 3.1 is a common way to illustrate these capital stages/orders 

within Austrian capital theory.  

 

Figure 3.1 displays goods in different capital orders ranging from high to low orders, their alleged 

relationship in terms of complementarity vs. substitutability and how output accumulates (and 

consequently illustrates the imputed value of capital) through the progressing in stages of 

production.  

 

Using these theoretical considerations the causalities proposed in this thesis is as summarized. 

Firms which are mostly affected by change are those positioned in the higher orders in the temporal 

capital structure. Figure 3.2 displays this relationship diagrammatically.  

FIGURE 3.1 – Order of goods in a structural view of the capital system 
 

 
 

Source: Inspiration from Garrison (2001) and own production 
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Figure 3.2 illustrates that change in general business conditions affect firm output as exemplified by 

the solid arrow. This relationship is then moderated by the firm’s position in the scheme of capital 

orders as exemplified by the dotted arrow. Consequently, the higher the firm is situated in the 

capital scheme, the higher sensitivity to CGBC.  

3.3 Development of concepts on firm-level 
 

As described above, notions from Austrian capital theory applied on similar analytical levels are 

few and limited (Skousen, 2007: p. 148-168). Therefore, this paper seeks to operationalize certain 

key concepts embedded in Austrian capital theory. Consequently, this section will attempt to 

operationalize the theoretical considerations presented above on a firm level in order to facilitate 

measurement (Bryman, 2009: p. 66-67). However, as this paper is limited to existing statistics as 

empirical basis, the translation of concepts into variables are somewhat restricted by the 

characteristics of these statistics. Limitations and consequences of this will be discussed in section 

7. Following concepts will be defined and made measurable in order to understand them in terms of 

empirical observations. a) firms output, b) change in general business conditions and c) capital 

orders. 

 

 

FIGURE 3.2 – Proposed causality: A moderated relationship 
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A. Firms output 

 

Firm-level output can be measured using financial data or real data (Comin and Philippon, 2005; 

Pastor and Veronesi, 2003). However, as financial data are measured in market values, these data 

represents information and expectations about the present and the future. I.e. future cash flow. This 

paper focuses on the direct causality between CGBC and firms sensitivity and therefore it is more 

appropriate to measure firms output in real time. That is, this paper is not interested in possible 

“noise” from expectations, but immediate and direct consequences of change on firms output. 

Specifically, output will be measured by using accounting data as these tend to illustrate direct 

affects. Thereby, it enables the paper to indicate more directly how change affects firms output. 

 

Accounting data which could be used include; sales, employment, earnings, capital expenditures 

etc. This paper will only use sales data to measure output as this is the most direct measure of firm 

output. In the following, output and sales are regarded as the same. Furthermore, it is out of scope to 

include more indicators to measure output although this could be relevant. 

 

Last, as the theoretical considerations involve sensitivity to firms output, considerations regarding 

closed or bankrupt firms during change are also important. Thus, these data will be included. The 

inclusion in the regression is discussed in the section 5. 

 

B. Change in general business conditions 

 

Many economic studies or organizations use either GDP as a focal point of indicating economic 

change or the stock market as a proxy of the total risk in the general economy (Allan, Myers and 

Brealey, 2008; Zarnowitz and Moore, 1982; NBER; Arbel and Ravid, 1983; Karfunkle, 1969; 

Niemira, 1982; Choi, 1999)  

 

However, these measures will not be used as indicators of change in this approach as these 

measures are aggregated measures. Here, several studies have indicated, that changes in the 

composition of these aggregated figures is often varied and opposite (Comin and Philippon, 2005; 

Pastor and Veronesi, 2003). For example, GDP is an aggregated figure, often not able to reflect 

many varied changes in business conditions which is often opposite in direction. These changes 
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often cancel each other out in an aggregated figure and consequently not reflected in a single 

aggregated number or estimate. It is exactly these underlying, and often opposite movements in 

general business conditions, which is the focal point of this research. Therefore, this paper seeks to 

apply an approach, which may be able to reflect these underlying and opposite movements.  

 

Accordingly, this thesis adopts and further develops a technique made in order to measure 

simultaneous movements in key business parameters instead of only single movements in single 

key business parameters. Specifically, Christopher and Holweg (2011) use the coefficient of 

variation (CoV) as a normalized and scale-free measurement of change. Hence, this paper will use a 

similar approach, where changes in key business parameters will be viewed and interpreted as 

changes in general business conditions. Here, key business parameters could be exchange rates, 

interest rates, shipping costs, commodity and raw materials prices etc.  

 

This approach has several advantages with regards to this papers approach. First, it enables the 

study to compare seemingly incompatible business conditions, and thus allowing for more general 

statements to be made, as the CoV is a measure without dimensions. Second, different and opposite 

movements in business conditions will be revealed in this measure due to the measurement of 

variation instead of averages. Hence, change in opposite moving business conditions will still be 

reflected in this index of change. Third, this measure incorporates nicely the inherent generality in 

the concept “general business conditions” as it is an indicator for general change in the selected key 

business parameters. That is, it measures the indicator’s movement together, and therefore the CoV 

will represent average change in the overall business environment. I.e. single movements in 

business conditions will not be very significant, although represented, and therefore when CoV is 

high, this indicates that significant change is evident for many firms and over entire the capital 

system.  

 

However, although the CoV is arguably a good estimator of general changes in business conditions, 

some firms will not be affected during these general changes. This is especially a problem if the 

CoV only measures changes in some parts of the capital system and so, only some firms will be 

affected. Hence, although the CoV may capture change more than other aggregated measures, the 

CoV is ultimately also an aggregated measure. Furthermore, the list of selected business parameters 
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will be an arbitrary selection. Consequently, the observed change is dependent on the researcher’s 

selection. These limitations in measuring change will be discussed the section 7.   

 

C. Capital orders 

 

In order to operationalize the concept of capital orders, several measurements will have to be 

determined. This approach is chosen, due to the somehow vague description of capital orders 

(Skousen, 2007: p. 133-174) and consequently multiple-item/indicator measurements are 

recommended (Bryman, 2009: p. 66-84; Bryman, 2004: p. 62-81).  

 

As described in the theoretical considerations above, the concept of capital orders should 

incorporate the notions of how capital is an expression of the connection between time and value 

(Lewin, 2005; Skouse, 2007; Garrison, 2001). Hence, the following variables are determined and 

made with orientation towards particular measurable firm accounting data recorded in official 

statistics. 

 

First, in order to capture the time dimension in the deployment of capital, this paper will use a asset-

to-sales ratio as suggested by others (Duus, 2013: p. 11; Skousen, 2007: p.157-161). This ratio has 

several advantages. First, recall that higher order goods cannot capitalize its value immediately due 

to the fact that derived demand in lower stages cannot be made immediately. Hence, capital is 

attached to time as the production is scattered into the future. The more the production is scattered 

into the future, the lower are the sales today compared to the total expected production and the 

longer it takes to deploy the capital in time. Therefore, the asset-to-sales ratio captures similar 

notions as sales today can be an indicator of how long production of a given asset is scattered into 

the future. However, data on firms assets are listed as accounting data, and therefore it is important 

to recognize the limitations in accounting data and how this affects the chosen variable and 

proposed causalities.  

 

Fixed assets listed by firms are estimated accounting values which are often connected to sales and 

profits. According to today´s accounting principles, an asset is stated in the balance sheet if there 

are future economic benefits embodied in the asset. Thus, assets are optimally adjusted to market 

values (Elkjær and Hjulsager, 2004). If firms follow the accounting standards, fixed assets are 
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adjusted according to change which then affects their asset-to-sales ratio. All things being equal, 

this affects the measured capital orders and if sales are adjusted downwards, then accounting 

standards should ensure that the values of the fixed assets are also adjusted downwards. However, 

and as described in the model, firms´ asset-to-sale ratio are assumed to be static and thus low 

frequent through time. Consequently, changes in accounting values are estimated to be a minor 

problem in the measurement of the concept. Nevertheless, these assumptions are discussed in 

section 7. 

 

Second, in order to capture the notion that higher capital goods is developed in order to enhance 

more efficient methods, research & development (R&D) costs may be used to capture these notions. 

Therefore, it seems reasonable to argue that R&D costs can be a good indicator of firms seeking to 

make more efficient production methods or improved goods. Similar notions have been put forward 

by Skousen (2009: p. xiv). 

 

Last, in order to capture capital orders as effectively as possible, the model developed in this paper 

uses an interaction term within the regression model between the asset-to-sales ratio and R&D 

costs. This should enable the paper to capture capital orders to a higher degree as capital of the 

highest order are those who are linked to the long run capitalization/consumption (as measured 

primarily by asset-to-sales ratio) and developed into increasingly new specific purposes (as 

measured primarily by R&D costs). Hence, introducing an interaction term between these variables 

enables the paper to explain firm sensitivity to a higher degree as the partial effect of asset-to-sales 

ratio also depends on the magnitude of R&D costs. Thus, a higher level of both asset-to-sales ratio 

and R&D costs explains even higher levels of firm sensitivity for CGBC. The interaction term may 

capture the concept of capital orders to a higher degree. 

 

D. Control variables 

 

Following common econometric practice, including control variables in order to improve the 

certeris paribus explanatory purpose of this paper is important (Wooldridge, 2009: p. 671). Several 

control variables are presented in section 5.  
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Table 3.1 – Proposed relationships between key 

variables 

 

Variable Predicted sign 

Change (-) and (+) 

Asset-to-sales (-) 

R&D  (-) 

Control variables ? 

 
Source: Own production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Inspiration from Bryman (2009) and own 

production 

3.3.1 Predicted relationships in measured variables 
 

Having defined key variables above, it may be advantageous to illustrate the proposed predictions 

in the variables put forward in the model presented in section 4. Table 3.1 illustrates the predicted 

relationships between the measured variables.  

 

First, it is expected that change will affect firms very differently in both positive and negative 

directions. This is in accordance with the theoretical considerations as goods of higher orders are 

negatively influenced by change, whereas goods of lower orders are less (or in practice) even 

positively influenced by change. Notice, that the reverse interpretation is also valid, if the framing 

of the relationship is reversed. That is, goods of higher orders are positively influenced by stability, 

whereas goods of lower orders are less (or in practice) even negatively influenced by stability. 

Technically, this is further elaborated on in section 4, but the framing of the relationships 

throughout this thesis are as depicted in table 3.1  

 

With regards to the problem statement, firms equally negatively/positively affected by change 

seems equally sensitive to CGBC but with opposite directions. Consequently, the predictions must 

be seen as a continuum from most negatively affected firms to the most positively affected firms. 

Goods of higher orders are then in the lowest end of this spectrum ranging from negative to positive 

coefficients.  

 

Second, asset-to-sales ratios are expected to be negatively correlated with the above mentioned 

continuum. That is, it is the firms with the highest asset-to-sales ratios which are expected to be 

most negatively affected by change. Third, and similar to asset-to-sales ratio, R&D are expected to 

be negatively correlated with the constructed continuum. Again, the reverse is true if the framing of 
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the relationship is reversed. That is, it is the firms with the highest asset-to-sales ratio´s (and R&D) 

which is expected to be most positively affected by stability.  

 

3.4 Important theoretical assumptions 
 

Production stages, as conceptualized by Austrian Economics, do not translate cleanly into firms 

(Garrison, 2001: p. 2; Skousen, 2007: p. 137-139). Many vertically integrated activities are carried 

out within a single firm, as described above in the introduction. However, although the problem is 

relevant and thus necessarily has to be partly assumed away in the statistical analysis, it is exactly 

the development towards increased markets described in the introduction which seems to increase 

business turbulence. Furthermore, the study seeks to control for this assumption by controlling for 

the size of the firm. 
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4.  
 

In order to design a regression model for finding the relationship between firm sensitivity and 

changes in the general business conditions, one needs to focus on the following.  

 

First, the leading function of this regression model is to explore economic relationships and 

causalities (Wooldridge, 2009: p. 1). Second, the parameters in this thesis are estimated by 

minimizing the sum of the squared residuals or also referred to as ordinary least squares (OLS) 

estimation. Minimizing other functions of the residuals may be useful, but these approaches have 

often complicated statistical theoretical implications, and thus these approaches are not used 

(Wooldridge, 2009: p. 32). Third, the data sets used in this study have both a time series dimension 

(7-10 periods) and a cross-sectional dimension (6.511 firms). Accordingly, panel data analysis 

seems appropriate (Wooldridge, 2009: p. 10). But, according to the theoretical considerations 

presented in section 3, capital is fixed within the capital system, and variations in the capital scheme 

are therefore assumed away. Consequently, this makes panel data analysis unsuitable.  

 

Instead, the approach is split between 1) an estimation of firms sensitivity to CGBC6 using a 

regression model with time series data and 2) a cross-firm explanation of the variance observed in 

the firms estimated sensitivity using a multiple regression model. Specifically, the time dimension 

of the data is used to obtain coefficients for all firms’ sensitivity to CGBC (i.e. a coefficient for each 

firm in the sample which is 6.511 coefficients); these coefficients is then regressed against the 

variables developed in section 3.3 in order to capture the notion of capital orders. By structuring the 

second part of the approach as a cross-firm analysis, focus on the assumed fundamental low 

frequency in capital mobility, can be related to differences in firms’ sensitivity with greater 

precision7 (Petersen and Strongin, 1996).  

 

Hence, to implement this method, it is necessary to filter out the variation in the measured capital 

orders. I.e. variation in asset-to-sales ratio8 and R&D from 2003-2012 is filtered out. Although, 

                                                 
6
 Recall that CGBC is short for changes in general business conditions. This concept and its measurement is developed 

in section 3.3. 
7
 The study made by Petersen and Strongin (1996) has worked as a considerable source of inspiration for the model 

developed throughout section 4. 
8
 These variables are developed in section 3.3. Variables are written in cursive in the rest of the paper do to reader-

friendliness. 
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some information is lost in this process, these losses are estimated to be small relative to the 

advantages gained. Namely, it is exactly (higher order) capital immobility within the capital 

scheme, which prevents capital from moving to new and more efficient uses (see section 3). In the 

end, it is assumed that capital is immobile and variations are thus not needed. In the construction of 

the cross-sectional variables asset-to-sales ratio and R&D described in Concept C in section 3.3., 

capital orders are estimated as a long-run average for each firm.  

 

The sensitivity of a firm to CGBC is then defined as  in the following simple time series 

regression model (Wooldridge, 2009; p.340-503) 

 

 

 

Where;  is sales of the firm in time t as described by concept A in section 3.3;   is 

CGBC at time t as described in concept B in section 3.3. The notion of sensitivity used here is that 

the variance in output can be split into a common sensitivity component and an firm-specific 

component (Wooldridge, 2009: p. 27). That is,  is the common sensitivity component for the firm 

and  is then the firm specific component (Wooldridge, 2009: p. 27). The  in this context 

measures the sensitivity of each firm to CGBC. Hence, 6.511  are estimated – one for each firm 

in the sample.  

 

The determination of  in 4.1 include following issues  

 

1. Weakly dependent time series 

Deciding whether a time series is weakly or strongly dependent is important in regression 

analysis using time series data. Time series which are weakly dependent and thus immediate 

suitable for regression analysis, are said to be integrated of order zero, or I(0). Practically, 

this means that nothing needs to be done to such series before using them in regression 

analysis. Time series, where the first difference of the process is weakly dependent (and 

often stationary) is said to be integrated of order one, I(1), and is then an independent and 

identically distributed (i.i.d.) sequence.  Here, economic time series are often I(1) and thus 

non-stationary in their regular form (Wooldridge, 2009: p. 377-396). However, this cannot 

4.1 
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be assumed and therefore, the time series data used in this thesis are tested for either I(0) or 

I(1) in section 5.2. 

 

2. Time series regression model 

The static time series regression model described in Equation 4.1 may very well violate zero 

conditional mean with strictly exogenous variables due to fact that uit may be correlated with 

past/future values of changet. I.e. change may affect output, but with a lag. Empirically, this 

may be valid, as change may not immediately affect the measured accounting output. 

Consequently, lag may exist as the variables are measured in years within accounting 

practices and thus immediately affects may be concealed within certain periods of the year 

resulting in lag. Specifically, a similar study has suggested that data from ORBIS may 

possess some time-lag from the submission of balance sheets and profit/loss statements 

(Ribeiro, Menghinello and Backer, 2010). 

  

If change does have a lagged effect on output, then equation 4.1 should be estimated with a 

distributed lag model (Wooldridge, 2009: p. 342-345). The following finite distributed lag 

model of order q is an example of such a model: 

 

 

 

Here, firms sensitivity to CGBC measured through  is obtained as an impact multiplier 

(Wooldridge, 2009; p 342-343). In this paper, it will be an empirical matter, which time 

series regression model is used. Testing for the appropriate time series regression model is 

conducted in section 6.1. 

 

3. Time series precision  

The estimation of each firm’s sensitivity to CGBC measured through  will vary in terms 

of statistical inference. Especially, due to the fact that little variance can be obtained in the 

explanatory variable (Wooldridge, 2009: p. 94). I.e. N ≤ 10 periods. Consequently, this 

paper will most likely obtain many estimates which are considerable different from the true 

parameters. Although, some measures will be implemented in order to encounter this issue, 

substantial explanatory force will be lost due to this. Here, utilization of generalized least 
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squares estimators specifically accounting for estimation errors in  could have been 

advantageous (Petersen and Strongin, 1996; Wooldridge, 2009: p. 276-282). However, this 

estimation method of the parameters is out of the scope. The limitations and potential 

implications of this are addressed in section 7. 

 

Last, notice that many possible relevant control variables could have been included in equation 4.1. 

I.e. firm size, industry, age etc. However, due to the short time series and the subsequent small 

degrees of freedom, these variables were not included in the estimation model. 

 

After the determination of for all 6.511 firms, hereafter collectively referred to as the variable 

sensitivity, these are then analyzed in a cross-sectional multiple regression of the form 

 

 

  

 

Where asset-to-sales ratio and R&D are described in Concept C in section 3.3. Notice also, that 

these variables used in their natural logarithmic form. The variables asset-to-sales ratio and R&D 

are from this point also referred to as the key variables.  

 

The determination of the key variables presented in equation 4.2 include following issues 

 

1. Functional form 

Strictly positive variables have often skewed distributions. Taking the natural log mitigate 

this so the estimates in 4.2 is less sensitive to outliners (Wooldridge, 2009: p. 191). 

However, the R&D variable will often take on the value 0. This is not very desirable as the 

natural log of 0 do not exist. Nevertheless, we are interested in firms with R&D values of 0. 

Consequently, R&D costs are determined as Log(1+R&D) (Wooldridge, 2009: p. 192).  

 

2. Control variables 

In equation 4.2, several control variables are used. These include, age, size, industry, 

ownership, status, geography. Control variables are elaborated upon in section 5. 

 

4.2 
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In sum, this paper implements a two-step linear ordinary least squares (OLS) estimation9 with the 

regression models presented above. The use of a two-step linear OLS estimation, allows the paper 

to explicitly test the proposed theoretical considerations; that firms sensitivity to general business 

conditions is moderated by their position in the temporal capital structure.  

 

Here, it may be particular valuable to illustrate how the model presented above is implemented 

within figure 3.2. That is, figure 4.1., illustrates the same proposed causalities as figure 3.2, but the 

equations above are entered into the illustration in order to demonstrate how the model in section 4 

is linked to the proposed causalities presented in section 3. 

  

                                                 
9
 Not to be confused with a two stage least squares (2SLS).  

FIGURE 4.1 – Link between proposed causalities and the model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Own production 

Dependent variable 

 
Firm output 

Independent variable 
 

Changes in general business 

conditions 

Moderating variable 
 

The capital position in the temporal 

capital structure 

This is estimated with 

equation  4.1 

This is estimated 

with equation  4.2 
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5.  
 

The research question presented in section 1 expresses the purpose of the research. Consequently, 

this paper seeks to understand firms sensitivity and thus, the sample obtained needs to represent 

many different firms with regards to size, geography, industry, etc. The sampling frames used in 

this thesis are gathered from two sources. Datasets used to measure concept A and C are gathered 

from ORBIS (V 127 2012). Datasets used to measure concept B are gathered from the financial 

database Bloomberg (V 17.01.2012).   

 

The data from ORBIS database seems especially attractive as data in this database are gathered with 

the exact purpose of capturing the heterogeneity across firms (Ribeiro, Menghinello and Backer, 

2010). Consequently, many control variables can be collected, which is desirable within regression 

analysis (Wooldridge, 2009: p. 671).  However, ORBIS database is a very large database and 

therefore, some effort were made in order to understand the nature of the database in terms of 

advantages and disadvantages before the data were collected from the database (Ribeiro, 

Menghinello and Backer, 2010). These advantages and disadvantages were discussed in section 2.4. 

 

Section 5 is structured as follows. In section 5.1, the data collection is described along with a table 

of variable definitions. In section 5.2, the data is explored in terms of important variable issues 

raised in section 4. Also, as data has not been used in similar studies and thus nonstandard in nature, 

some additional effort is made in section 5.2, in order to carefully elaborate on important data 

issues. In section 5.3, summary statistics are presented. Last, in section 5.4, sampling bias is 

addressed. 

5.1 Data  
 

In order to have a clear definition of the population, several choices have to be clarified. First, the 

problem statement specifics that it is firms in general, which are to be studied. However, accounting 

data from the ORBIS database is our sampling frame and some studies have indicated that ORBIS 

suffers from structural bias. Especially small- and medium sized firms may be underrepresented 

(Riberio, Menghinellio and Backer, 2010). This issue is addressed in section 5.4. 
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The ORBIS firm data consists of 10 periods from 2003-2012. It was decided to exclude banks, 

financial firms, insurance companies etc., as their main business is solely financial. Hence, only 

industrial and private equity firms with real production were included in the population. 

Furthermore, firms without any registered sales, fixed assists and R&D expenses in any of the 

periods between 2003-2012 were excluded.  

 

Data on R&D expenses contained a serious problem as firm data availability dramatically decreased 

with app. 99,7%, when only known values of R&D expenses were chosen. Hence, non-response for 

R&D values is significantly. However, due to the important theoretical considerations with regards 

to R&D, this considerable non-response in the data was accepted. Furthermore, during data 

collection, it was revealed that firms with known R&D expenses where heavily skewed towards 

Korea. App. 85% of the firms where situated in Korea. Consequently, although geography is 

controlled for in the results, firms from Korea are removed from the sample. The removal is made 

solely due to a precautionary principle as the source of this skewness could not be clarified.  

 

It is recognized that these data selections may cause serious sampling issues. Accordingly, sampling 

issues will be addressed in section 5.4. 

 

The technical illustration of the search strategy in ORBIS as described above can be seen in 

appendix A. Using the search strategy above, ORBIS returned 26.908 firm observations.  

For these 26.908 firm observations, various data were selected and collected for each firm. These 

can be seen in appendix B.  Inspecting and cleaning procedures applied to the sample is also 

presented appendix B. These cleaning processes reduced the sample to 6.511 firms.  

 

Table 5.1 illustrates the data collected in ORBIS for each firm and the connection to the theoretical 

variables developed in section 3.3. Control variables are also presented in table 5.1. 
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Column numbers are listed in the top of the table. The first column in table 5.1 displays an assigned 

number which is used throughout the text to refer to the given variable. The second column displays 

the source. Notice here, that the third variable, sensitivity, is obtained and estimated in section 6.1. 

However, the description of sensitivity is presented here along the other variables in order to outline 

all variables.  

 

The third, fourth and fifth column in table 5.1, matches data from ORBIS with the theoretical 

variables developed in section 3.3. For example, the first row refers to the theoretical variable 

output, which was developed in section 3.3 under concept A. Here, data for this variable were 

collected as sales in the original currency in ORBIS. Also, the variables 1 thru 5 is linked to the key 

causalities presented in the theoretical section, whereas the variables 6-11 functions as control 

Table 5.1 – Data description and connection to variables 

 

 
 

Source: Own production 

 

1 2 3 4 5 6 7 8 9

Nr. Source Data description
Variable name 

used in paper
Theoretical source

Position in 

model
Type of variable

Units of 

measureme

nt

Detailed comment

1 ORBIS

Global standard format: 

Sales in orignal currency 

from 2003-2012

Output

Firms output devoloped 

in concept A in section 

3.3

Dependent 

variable in 

equation 4.1

Numerical Standardized

Collected in original currency in 

order to avoid bias from 

exchange rate f luctutations . 

2 Bloomberg

CoV in different 

business parameters 

from 2000-2012

Change

CGBC devoloped in 

concept B in section 

3.3

Indpendent 

variable in 

equation 4.1

Numerical
Coefficient of 

variation

Notice, that change is measured 

for each continent. Also, as a 

FDL model is used, change is 

measured from 2000-2012

3
Ow n 

estimation

Coefficient from 

equation 4.1
Sensitvity

Firms sensitivity to 

changes in GBC

Dependent 

variable in 

equation 4.2

Numerical Coefficient -

4 ORBIS

     Asset-to-sales ratio. 

Long run-average from 

2003-2012

Asset-to-sales ratio

Asset-to-sales ratio 

devoloped in concept C 

in section 3.3

Indpendent key 

variable in 

equation 4.2

Numerical Ratio

Collected in dollars in order to 

obtain comparable estimates for 

the cross-firm analysis

5 ORBIS

     R&D expenses.                   

Long run-average from 

2003-2012

R&D

R&D devoloped in  

concept C in section 

3.3

Indpendent key 

variable in 

equation 4.2

Numerical
Dollars (in 

thousands)

Collected in dollars in order to 

obtain comparable estimates for 

the cross-firm analysis

6 ORBIS
Average sales in Dollars 

from  2003-2012
Size dummy Control

Control 

variable in 

equation 4.2

Numerical
Dollars           

(in thousands)

Collected in dollars due to the 

f irm-sectional analysis. 

Transformed into natural log

7 ORBIS
Date of

incorporation
Age dummy Control

Control 

variable in 

equation 4.2

Numerical Years Transformed into natural log

8 ORBIS
Country

Code

Geographical 

dummy
Control

Control 

variable in 

equation 4.2

Dummy Text category -

9 ORBIS
BvD Independence 

Indicator

Vertical integration 

dummy
Control

Control 

variable in 

equation 4.2

Dummy Text category

Variable defined by ORBIS. 

Intends to track relationships 

w ith other f irms.

10 ORBIS BvD major sector Industry dummy Control

Control 

variable in 

equation 4.2

Dummy Text category -

11 ORBIS
Status and delisted 

comment
Status dummy Control

Control 

variable in 

equation 4.2

Dummy Text category

Status and delisted comment are 

2 data variables in ORBIS. These 

are merged into one variable in 

this paper.
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variables. The control variables size, geography, industry etc., are important as they may reveal 

important features in the proposed causalities.  

 

The sixth column in table 5.1 refers to where the particular variable is positioned in the model 

presented in section 4. The seventh column displays the type of variable and how this variable is 

entered into the model. The eighth and ninth column shows the unit of measurement and a detailed 

comment.  

5.2 Preparation of data 
 

In order to interpret and understand certain variables presented in table 5.1, important features of 

these variables needs to be addressed. The variables elaborated on are output, change, Asset-to-sales 

ratio, BVD independence indicator and status.  

 

Output 

 

Output is used as the dependent variable in equation 4.1. Notice, output is collected as time series 

data. As discussed, issues with regards to preparing the variable output needs to be addressed. These 

include a) weak dependence and b), standardized output.  

 

a) Weak dependence 

As noted in section 4, output may not be a I(1) process. Statistical tests can be used to infer other 

orders of the process, but testing for the exact degree of differencing is out of scope (Wooldridge, 

2009: p. 279-381). Instead, informal testing, as suggested by Wooldridge (2009: p. 394), will be 

applied. This test states that time series data with first order autocorrelation above app. 0,85 is likely 

a I(1) process. Time series data with first order autocorrelation below app. 0,85 is likely a I(0) 

process. A I(1) process has to be differentiated before used in regression analysis, whereas a I(0) 

process can be used directly in regression analysis (Wooldridge, 2009: p. 393).  

 

First order autocorrelation is calculated by using the formula ρ1 = Corr(γt, γt-1), assuming that the 

process is stable (Wooldridge, 2009: p. 394). Note, that trending time series, though certainly non-

stationary, can be I(0). A series that is stationary and I(0) about its time trend, is called a trend-
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stationary process (Wooldridge, 2009: p. 381). Theus, testing for weakly dependence without 

detrending time series tends overestimate the process, which biases toward finding a I(1) process. 

  

Consequently, table 5.2 illustrates the first order autocorrelation estimates with and without trends 

for all firms in the example. I.e. 6.511 first order autocorrelation estimates.  

 

 

Table 5.2 illustrates, that firms have very different first order correlations. Also, first order 

autocorrelations are significantly different after time series have been detrended. Notice, that before 

detrending the time series, app. 2.242 firms has first order autocorrelations above 0,8. However, 

after detrending, zero firms have first order autocorrelations above 0,8. This strongly indicates that 

first order autocorrelations before detrending have significantly bias. Although first order 

autocorrelations is estimated with considerable uncertainty, table 5.2 illustrates that firms after 

detrending seems to follow a I(0) process. A unique treatment of every firm with regards to 

transformation is out of scope and it is decided that all firms are either treated as I(1) processes or 

an I(0) processes. As a result, output is considered a trend-stationary process, where the detrended 

output is a I(0) process with independent and identically distributed errors (Wooldridge, 2009: p. 

Table 5.2 –Frequency table illustrating first 

order correlations for 6.511 firms. 

 

 
 

Source: Orbis 

 

First order 

autocorrelation 

Frequency of firms. 

After detrending Frequency of firms

 -1 to -0,9 1 0

 -0,9 to -0,8 9 1

 -0,8 to -0,7 23 2

 -0,7 to -0,6 56 5

 -0,6 to -0,5 99 22

 -0,5 to -0,4 175 24

 -0,4 to -0,3 231 46

 -0,3 to -0,2 339 63

 -0,2 to -0,1 448 103

 -0,1 to 0 569 139

0 to 0,1 653 184

0,1 to 0,2 725 233

0,2 to 0,3 765 350

0,3 to 0,4 802 417

0,4 to 0,5 810 567

0,5  to 0,6 573 701

0,6  to 0,7 224 676

0,7  to 0,8 9 736

0,8  to 0,9 0 881

0,9  to 1 0 1361

Frequency table. 
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393). Consequently, output is detrended before used in regression analysis (Wooldridge, 2009: p. 

381).  

 

Example of how this paper has calculated first order autocorrelation with and without trend can be 

viewed in appendix C. Notice, it is change with and without trend, which is tested for first order 

autocorrelation in Appendix C – not output. Here, calculations with regards to firms output are not 

displayed due to the fact that these calculations cannot be fitted into a clear overview due to size of 

these calculations. 

 

b) Standardized output 

The detrended output needs to be standardized before used in the regression. That is, output is 

measured in different currencies and thus incomparable across firms. So, in order to extract 

comparable sensitivity across exchange markets, the detrended output extracted above is 

standardized. Standardized output is calculated by subtracting of its expected value and dividing the 

result by its standard deviation (Wooldridge, 2009: p. 846).  

 
Change 

 

Change is used as the independent variable in equation 4.1. Notice, change is time series data. In 

order to capture the concept of change presented in section 3.3 to a higher degree, six measures of 

CoV where constructed – one for each continent. Consequently, six time series of change are 

obtained. This approach is considered to capture the concept of change to a higher degree as several 

studies have indicated that production is regional rather than global (Rugman and Verbeke, 2004; 

Dunning, Masataka and Yakova, 2007; Rugman and Verbeke, 2008). Consequently, output in a 

given firm is regressed on change measured on that given firm’s continent in equation 4.1  

 

Similar to output, the variable change may not be a I(0) process. Hence, six first order 

autocorrelations are estimated – one for each continent. The calculations with regards to estimating 

the first order autocorrelation on change can be seen in appendix C. Using the informal rule 

suggested by Wooldridge (2009: p. 394), time series data on change is regarded as I(0) processes as 

first order autocorrelations on change  range from 0,15 to 0,35. See appendix C. Consequently, time 

series data on change is incorporated directly into the regression analysis (Wooldridge, 2009: p. 

393). 
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Notice here, that output contains 7-10 observations (2003-2012) for a given firm as described in 

section 5.1, but data on change is more available and was therefore collected for the period 2000-

2012. Data on change was collected for 2000-2012, in order to increase degrees of freedom for the 

FDL modeĺ s estimated in section 6.1.1. 

 
Asset-to-sales ratio 

 
As illustrated in appendix B, input for the variable asset-to-sales ratio constitutes of accounting 

data on fixed assets and sales collected from ORBIS. The variable asset-to-sales ratio is then 

constructed as a ratio from these two. However, using only accounting data on fixed assets from 

ORBIS may not be the best way to capture the concept of capital orders. That is, it is the (long-run) 

capitalization of assets which needs to be captured (see theoretical considerations section 3). Here, 

using accounting data on depreciation and investment along or in some combination with fixed 

assets may capture (long-run) capitalization to a higher degree. Hence, incorporating how much a 

given firm’s fixed assets constitutes of depreciation and investment during a year may be an 

important moderator in the measurement of long run-capitalization. Nevertheless, according to the 

description of fixed assets in ORBIS, fixed assets are: 

“Total amount (after depreciation) of non current assets (Intangible assets+Tangible 

assets+Other fixed assets).” (See appendix D for definitions in ORBIS database). 

 

Hence, although depreciation is incorporated into fixed assets, new investments are not. This is a 

drawback of the measurement, because the level of registered fixed assets may be adverse high due 

to the fact that new investments with short-run capitalization are a part of the measure. Here, new 

investments could not be obtained from ORBIS and thus incorporated into the measurement of 

asset-to-sales ratio. Although, potentially important to the results, the problem is assumed away as 

no effort can be made in order counteract this. This measurement problem is addressed further in 

the discussion of the results. 

 

BVD Independence indicator 

 
The BVD independence indicator is a variable developed by the Bureau van Dijk Electronic 

Publishing Ownership Database and reported by ORBIS. The database is developed by a group of 

specialized researchers based in Bureau van Dijk Electronic Publishing’s Brussels office. The 

Ownership Database intends to track control relationships. Specifically, the investigation of the data 
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indicated, that firms which were divisions or units of a firm, were nicely tracked. Consequently, it 

was decided to include the variable as a control variable indicating the degree of vertical 

integration. The idea is, that the more a firm is controlled by other firms, the higher the likelihood 

of that firm being a supplier or customer within a value chain10. The categories within this variable 

are discussed and presented in a table 5.4. 

 

Status dummy 

 

The status dummy tracks the firms status in terms of bankruptcy, takeover, dissolved, etc. However, 

during data investigation, it were discovered that important status information were contained in the 

data variable “delisted comment” besides from the variable denoted to “status” in ORBIS database. 

The type of information contained in these variables was alike with regards to types of status´, but 

for some reason these were not aligned. That is, one variable contained information which was left 

out of the other variable and vice versa. Consequently, these variables were merged. The categories 

within this variable are discussed and presented in a section 5.3. 

5.3 Summary statistics  
 

Descriptive statistics for the variables presented in table 5.1 are divided into two separate 

summaries. 1) A statistical summary containing numerical variables and 2), a statistical summary 

containing dummy variables. 

 

1) Statistical summary for numerical variables 

 

Descriptive statistics for the numerical variables are illustrated in table 5.3.  

                                                 
10

 Extensive amount of literature studies vertical integration. These studies discuss issues like conceptualizing, 

measurement, scope, vertical vs horizontal integration, etc. It is out of this papers scope to look into this field of 

literature. This, off course, has  significant effect on the potential use and interpretation of this control measure. 

However, this variable is a control variable, and the variable were therefore included in order to potentially restract an 

indication of the effect from vertical integration. Consequently, if this variable has any effect, interpretation will be 

conceived with substantial care.  
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Column numbers are listed in the top of the table. Each variable is illustrated by a number and a 

name in column one and two. In column three, four different samples are presented in order to 

compare them for sampling bias. These include: 

 Cleaned sample 

This sample is obtained from the collected sample after the cleaning and inspection 

processes described in Appendix B. The sample is cleaned and inspected using Excel with 

different functions like sorting(), look-up(), if() etc. This sample contains 6.511 

observations. 

 Collected sample 

This sample is obtained from ORBIS using the search strategy described in the section 5.1. 

That is, it is the sample from ORBIS which is considerable reduced due to the fact that the 

selected firms must contain R&D values. This sample contains 26.908 firms.  

 ORBIS Overall.  

Table 5.3 – Descriptive  statistics for numerical variables 

 

 
Number of observations in cleaned sample = 6.511 firms 
Number of observations in collected sample = 26.908 firms 

Number of observations in ORBIS sample = 20.000 firms. 

 

Source: Orbis and Bloomberg 

1 2 3 4 5 6 7 8 9

Nr. Name Sample Mean Max Min St.error. Median Skewness

Cleaned sample 0,00 2,73 -2,74 0,94 -0,07 0,15

Input model (no log) 0,00 2,73 -2,74 0,94 -0,07 0,15

Cleaned sample 0,11 0,29 0,05 0,05 0,09 1,92

Input model (no log) 0,11 0,29 0,05 0,05 0,09 1,92

Cleaned sample -4,49 21,44 -22,52 7,32 -5,37 0,51

Input model (no log) -4,49 21,44 -22,52 7,32 -5,37 0,51

Cleaned sample 1 338 0 5 0 50

Collected sample 196 3.938.296 -1.211 24.591 0 160

ORBIS overall 149 2.823.202 0 20.010 0 141

Input model (log) -0,76 5,82 -6,92 1,04 -0,74 -0,40

Cleaned sample 98.543 173.074.013 0 2.183.681 3.233 76

Collected sample 29.070 173.074.013 -22.992 1.078.173 63 154

ORBIS overall 16.593 2.322.000 0 137.391 0 13

Input model (log) 7,55 18,97 0,00 3,53 8,08 -0,80

Cleaned sample 2.237.373 360.143.222 34 11.563.370 177.292 16

Collected sample 906.546 360.143.222 -1.764 6.532.514 35.787 25

ORBIS overall 51.281 360.143.222 0 2.676.951 725 124

Input model (log) 12,11 19,70 3,52 2,28 12,09 -0,05

Cleaned sample 39 229 7 29 29 1

Collected sample 29 262 1 26 21 2

ORBIS overall 22 181 2 13 19 3

Input model (log) 3,42 5,43 0,69 0,72 3,37 0,01

5 R&D 

6 Size 

7 Age

Asset-to-sales 

ratio
4

1 Output

2 Change

3 Sensitivity
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This sample is obtained from ORBIS with no restrictions on R&D values. Here, app. 1,3 

mio. firms are available in the database11. Limitations in ORBIS database restrict exporting 

data on 1,3 mio. firms and consequently, a random sample of 20.000 were obtained and 

entered into table 5.3. 

 Input model 

This sample is the final input into the model developed in section 4. The sample is obtained 

through the cleaned sample. With regards to variable 1, 2 and 3, the input model sample is 

identical to the cleaned sample. However, with regards to variable 4, 5, 6 and 7, these 

variables are logged before calculations and thus not identical to the cleaned sample. The 

reason for logging these variables is the substantial skewed distributions illustrated in 

column nine in table 5.3. Here, significant outliners, which may have unwanted influence on 

correlation and estimations, are likely mitigated (Wooldridge, 2009: p 191). 

 

Important summary statistics are reported in columns from four to nine in table 5.3. These summary 

statistics include mean, max, min, st.error, median and skewness. Notice, that there are no summary 

statistics for the variables used in equation 4.1., as these are 6.511 distinct estimations.  

 

Output, the first variable in table 5.3, is a standardized variable and the summary statistics are thus 

similar to a standard normal with 0 mean and 1 standard error. Output, is not logged before used in 

the regression model presented in equation 4.1. 

 

Change, the second variable in table 5.3, is measured in CoV. Change has a mean on 0,11 and a 

standard error on 0,05. Change skewness is 1,92 and thus some right-skewness are observed in the 

variable. However, this is considered tolerable and accordingly not addressed further.  

 

Sensitivity, the third variable in table 5.3, is estimated coefficients. The variable is estimated using 

equation 4.1 and calculations can be seen in section 6.1. Notice, that the variable is also the 

dependent variable in equation 4.2. Sensitivity has a mean on -4,49 (indicating that firm output is on 

average negatively influenced by change) and a standard error on 7,32.  

 

                                                 
11

 Sales and fixed assets still have to be known for the firms in this sample. Thus, the difference between the 1,3 mio. 

firms available in this sample and the official 108 mio. firms recorded in ORBIS.  
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Asset-to-sales ratio, the fourth variable in table 5.3, is a ratio. The ratio is calculated as fixed assets 

divided by sales as discussed in section 5.2. Some issues needs to be addressed with regards to the 

samples of asset-to-sales ratio. First, the mean of the collected sample (=196) and the ORBIS 

sample (=149), is substantial different from the cleaned sample (=1). The reason is that few 

observations with very high ratio´s affect the estimated mean disproportional. These observations 

are clearly characterized by invalid values. For example, firm observation nr. 26.010 has average 

fixed assets on app. 562.614 and average sales on 0,14. This interpretation is reinforced by the 

observed median across the samples which are zero. The observed minimum ratio in the collected 

sample (=-1.211) is likewise influenced by invalid values. Last, although the cleaned sample has 

better properties as invalid values are removed, substantial and expected right-skewness is still 

observed in the variable. Consequently, the variable is logged.  

 

R&D, the fifth variable in table 5.3, is entered directly in dollars. R&D is not measured in local 

currencies as the cross-firm analysis would become invalid. Consequently, R&D is collected and 

entered in dollars. Issues related to invalid observations is also present in R&D as illustrated by 

minimum values in the collected sample (=-22.992). These invalid values are removed in the 

cleaned sample. The variable is logged. 

 

Size, the sixth variable in table 5.3, are calculated as the average sales in dollars from 2003-2012. 

The variable is logged. 

 

Age, the seventh variable in table 5.3, are calculated from the date of incorporation. The variable is 

logged. 

 

2) Statistical summary for dummy variables 

 

Descriptive statistics for the dummy variables are illustrated in table 5.4. The dummy coding is also 
presented in table 5.4. 
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Column numbers are listed in the top of the table. Table 5.4 illustrates the descriptive statistics for 

dummy variables. Each variable is illustrated by a number and name in column one and two. The 

categorical values in the variable are displayed in column three and the number of observations in 

each category is displayed in column four. Column five and six illustrates the coding of the 

variables. 

 

It was considered using the dummy variables in combination. But using the dummy variables in 

combination seems infeasible as app. 1.500 dummy variables or groups have to be made. For 

example, the first group could be “Europe, Independent A, Construction, Bankrupt”, the second 

group “Europe, Independent A, Construction, Active” and so on. Consequently, it was decided to 

enter the dummy variables separately.  

 

Table 5.4 – Descriptive  statistics for dummy  variables 

 

 

 

Source: Orbis 

1 2 3 4 5 6

Nr. Name Categorial values  Nr. Obs. 
Categorial 

nr.
Dummy coding

Africa 8 1 (1=1) (2 thru 5=0)

Asia 3.223 Base group

Europe 995 2 (2=1) (1, 3 thru 5=0)

Latin America and the Caribbean 128 3 (3=1) (1, 2, 4, 5=0)

Northern America 1.913 4 (4=1) (1 thru 3, 5=0)

Oceania 245 5 (5=1) (1 thru 4=0)

A - Indicator of low v. integration 4.436 Base group

B - Indicator of medium v. integration 866 2 (2=1) (3, 4=0)

C - Indicator of high v. integration 91 3 (3=1) (2, 4=0)

D - Indicator of very high v. integration 1.119 4 (4=1) (2, 3=0)

Other services 806 Base group

Construction 162 1 (1=1) (2 thru 15=0)

Education, Health 43 2 (2=1) (1, 3 thru 15=0)

Food, beverages, tobacco 231 3 (3=1) (1 thru 2, 4 thru 15=0)

Gas, Water, Electricity 69 4 (4=1) (1 thru 3, 5 thru 15=0)

Hotels & restaurants 35 5 (5=1) (1 thru 4, 6 thru 15=0)

Machinery, equipment, furniture, recycling 2.669 6 (6=1) (1 thru 5, 7 thru 15=0)

Metals & metal products 340 7 (7=1) (1 thru 6, 8 thru 15=0)

Chemicals, rubber, plastics, non-metallic products929 8 (8=1) (1 thru 7, 9 thru 15=0)

Post & telecommunications 114 9 (9=1) (1 thru 8, 10 thru 15=0)

Primary sector 209 10 (10=1) (1 thru 9, 11 thru 15=0)

Publishing, printing 281 11 (11=1) (1 thru 10, 12 thru 15=0)

Textiles, wearing apparel, leather 134 12 (12=1) (1 thru 11, 13 thru 15=0)

Transport 49 13 (13=1) (1 thru 12, 14 thru 15=0)

Wholesale & retail trade 418 14 (14=1) (1 thru 13, 15=0)

Wood, cork, paper 102 15 (15=1) (1 thru 14=0)

Active 6.131 Base group

Banktrupt 23 1 (2=1) (3, 4=0)

Takeover 447 2 (3=1) (2, 4=0)

Dissolved 16 3 (4=1) (2, 3=0)

11 Status dummy

8
Geographical 

dummy

9

Vertical 

integration 

dummy

10
Industry 

dummy
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Geographical dummy, the first variable in table 5.4, contains six categorical values. One category 

for each continent. The category “Africa”, which contains all firms situated in Africa, only have 8 

firm observations. The largest category within the variable is “Asia”, which have 3.223 firm 

observations. Notice that Africa was not used as base group, due to the small variance within 8 

observations (Wooldridge, 2009: p. 226-231). 

 

Vertical integration dummy, the second variable in table 5.4, contains four categorical values. 

Vertical integration dummy is based on the BVD independence indicator as explained in section 

5.2. The variables contain 4 categories - one category for each level of estimated vertical 

integration. Hence, the category “A – Indicator of low vertical integration”, indicates that a firm has 

a low level of vertical integration. I.e. the value chain is characterized by governance by markets 

rather than governance by hierarchy (Gereffi, Sturgeon and Humphrey, 2005). The category “D - 

Indicator of very high vertical integration” indicates that a firm has a high level of vertical 

integration, and thus the value chain is highly governed by the particular firm. For extensive 

descriptions of the categories see appendix D. 

 

Industry dummy, the third variable in table 5.4, contains 16 categorical values. The industry variable 

is based on the “BvD major sectors” as can be seen in appendix B.  

 

Status dummy, the fourth variable in table 5.4, contains 4 categorical values. The status variable is 

based on “Status” and “Delisted comment” as can be seen in appendix B.  

5.4 Sampling bias 
 
In order to be able to generalize the findings and due to several sampling concerns raised above, the 

final sample´s representativeness of the population needs to be addressed. There are many ways of 

doing this, and the method is mostly constrained by the information that is available about the 

population and sample. Here, the sample “ORBIS overall” is used as representative information 

about the sampling frame (the listing of all units in the population). This information is then 

compared to the “cleaned sample”. In this case, the numbers regarding the numerical independent 

variables used in equation 4.2 is reliable both for the population and the sample.  
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As the samples are unequal in size (ORBIS overall=20.000; Cleaned sample=6.511), it is assumed 

that the samples have equal variance (Field, 2005).  Independent t-tests, testing for equality of 

means is then utilized in order to investigate significant sampling bias. The null hypothesis states, 

that the means of the samples are equal. Table 5.5 illustrates the independent t-tests.  

 

 

Column numbers are listed in the top of the table. Table 5.5 illustrates relevant variables tested for 

sampling bias in column one and two. Column three to six, illustrates the sample name, number of 

observations and the grouped mean and standard deviation.  The independent t-tests performed in 

column seven illustrates that the null hypotheses can be rejected very significantly for R&D, size 

and age, as the p values are very small (P=<0,01). In terms of asset-to-sales ratio, there is no 

evidence that the means are different.  

 

Nevertheless, table 5.5 indicates that the sampling frame (ORBIS overall) is significantly different 

from the cleaned sample used in the regression analysis. This result has important implications in 

terms of inference and generalization. That is, the results in table 5.5 indicates, that the cleaned 

sample is at best a subgroup of firms,  skewed towards very large and old firms with higher level of 

R&D expenditures. The consequences will be discussed in the results. 

  

Table 5.5 – Sampling bias and independent t-test 

 

 

 

Source: Orbis 

1 2 3 4 5 6 7 8 9

Nr. Name Cases N Mean St.dev. t-test df Sig(1-tailed)

Cleaned sample 6.511        1 5

ORBIS overall 20.000      149 20.010

Cleaned sample 6.511        98.543 2.183.681

ORBIS overall 20.000      16.593 137.391

Cleaned sample 6.511        2.237.373 11.563.370

ORBIS overall 20.000      51.281 2.676.951

Cleaned sample 6.511        39 29

ORBIS overall 20.000      22 13

Variable Group statistics

7 Age

-0,5960182

5,2755485

24,775363

65,922341

4
Asset-to-

sales ratio

5 R&D 

6 Size 

Test of equality of means

0,274256

1E-13

1E-22

1E-27

26509

26509

26509

26509
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6.  
 

The required input data has now been presented in section 5 and the proposed model developed in 

section 4 will be applied to data. The estimation method used in this paper is OLS (Wooldridge, 

2009: p. 27-35)  

 

Calculations are presented starting with the 6.511 estimations measuring firms sensitivity to CGBC 

(Equation 4.1). These estimations are obtained with OLS regression analysis with time series data. 

Due to lack of scope, all 6.511 estimations will not be tested in order to ensure that important OLS 

model assumptions are satisfied for each regression analysis with time series data. Instead, one 

random estimation is extracted from the 6.511 estimations. Important OLS model assumptions are 

then tested and discussed with regards to the regression estimator(s). The consequences of not 

testing all estimations in terms of OLS assumptions are addressed in section 7.  

 

Next, calculations from the main cross-firm OLS multiple regression analysis are presented 

(Equation 4.2). Important cross-sectional OLS model assumptions are also tested and discussed 

with regards to the regression estimators.  

6.1 Estimating firm sensitivity to changes in general business conditions 
 

Using equation 4.1 from the model presented in section 4, 6.511 estimations with time series data 

are calculated. These calculations were made in excel due to the fact that the time series were very 

different in terms of length (7-10 periods) and beginning (2003-2006).  

6.1.1 Finite distributed lag model 
 

As elaborated on in the developed model in section 4, the static time series model described in 

equation 4.1 may be improved using a FDL model. Before estimating the individual firms 

sensitivity to CGBC with an appropriate time series model, this section is used to study the 

aggregated output with aggregated change. On the basis of this, a relevant time series regression 

model is chosen, which is then applied to all firms.    
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Figure 6.1 illustrates two separate diagrams. Figure 6.1a illustrates the relationship between 

aggregated firm output and average global change. Figure 6.1b illustrates the same relationship 

between overall firm output and change, but change is now presented with one lag.   

 

 

The blue line in figure 6.1a illustrates global average change. Change seems low in the periods 

from 2003-2007 and again from 2010-2012. From 2008-2009 change seems high. This 

development is consistent with an overall picture of an economic/financial crisis beginning in the 

mid-2007 and peaking in 2008-2009.  An economic/financial crisis is highly likely associated with 

considerable change (Foss, 2010). The red line in figure 6.1a is aggregated standardized output 

from all of the firms in the sample. The reasons for illustrating the standardized output, is because 

output from firms are measured in different currency. Nevertheless, the overall relationship seems 

somewhat negatively correlated. For example, in 2009, when change is high, standardized overall 

output is low. However, in 2008, change is very high, yet standardized overall output is also high. 

Hence, the relationship seems somewhat unclear in 6.1a. 

 

Figure 6.1b illustrates the same relationship, but change is entered into 6.1b with one lag. This 

relationship seems more substantial as a higher negatively correlated relationship is obvious. 

However, this figure is only graphical and the finite distributed lag model presented in section 4 is 

Figure 6.1 – Changes in general business conditions compared to aggregated sample output 

 

     
Figure 6.1a illustrates output compared to change in same time period 
Figure 6.1b illustrates output compared to change where change has one direct lag 

 

Source: ORBIS and Bloomberg 
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superior as it controls for change in other periods plus reveals strength of relationship along 

statistical significance.  

 

Thus, table 6.1 illustrates different time series models based on equation 4.1. 

 

 

Table 6.1 displays the data for the standardized aggregated output in column two. In the subsequent 

columns the average global change is presented with different lags. Here, change, changet-1, 

changet-2, and changet-3 are presented.  

 

Presented below the data in the top of table 6.1, is three estimated models with relevant regression 

information measuring the relationship between output and change. The models include 1) a static 

model, 2) a FDL model of order 3 and 3) a FDL model of order 1.  

 

In the static model, the impact multiplier (the estimated coefficient on a given time period in a FDL 

model (Wooldridge, 2009: p. 342-345)) on the relationship between output and change displays a 

Table 6.1 – Different time series models measuring the relationship between output  and 

change 

 

 

 

Source: ORBIS and Bloomberg 

 

Year Aggregated Output Change t Change t-1 Change t-2 Change t-3

2012 0,004 0,072 0,084 0,098 0,155

2011 0,035 0,084 0,098 0,155 0,240

2010 -0,161 0,098 0,155 0,240 0,095

2009 -0,582 0,155 0,240 0,095 0,100

2008 0,357 0,240 0,095 0,100 0,107

2007 0,512 0,095 0,100 0,107 0,072

2006 0,237 0,100 0,107 0,072 0,112

2005 -0,050 0,107 0,072 0,112 0,083

2004 -0,150 0,072 0,112 0,083 0,105

2003 -0,264 0,112 0,083 0,105 0,058

1) Static model β 0 Change t

Impact multiplier 0,74

Standard error (2,15)

t 0,34

R2 0,01

2) FDL model of order 3 β 0 Change t β 1 Change t-1 β 2 Change t-2 β 3 Change t-3

Impact multiplier 1,66 -4,21 0,00 0,36

Standard error (2,25) (2,27) (2,31) (2,15)

t 0,74 -1,85 0,00 0,17

R2 0,43

3) FDL model of order 1 β 0 Change t β 1 Change t-1

Impact multiplier 1,58 -4,23

Standard error (1,85) (1,88)

t 0,86 -2,25

R2 0,43
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counterintuitive positive relationship. However, this estimate is also statistically insignificant (β0 = 

0,74; s.e. 2,15; p=0,74). Furthermore, in the static model, change explains little of the variation in 

output, app 1%.  

 

The FDL of order 3 seems to empirically fit data to a higher degree as explained variance is 

considerable higher, app. 45%. The lag distribution of the FDL of order 3, implies that the largest 

effect of change on output is at the first lag (β1 = -4,21; s.e. 2,27; p=0,12). Here, change in the other 

time periods seems to have considerable less effect on output (β0 = 1,66; β2 = 0; β3 = 0,36). Still, the 

first lag is statistically insignificant at the 5% level. 

 

Considering the short time series and the results from FDL of order 3, indicating the largest effect at 

the first lag, it may be may be advantageous to use a FDL of order 1 and thereby increase the 

degrees of freedom. The FDL of order 1 explains nearly the same variance, app. 43%. Also, the 

effect of change on output is almost the same, and the estimation is more statistically significant (β1 

= -4,23; s.e. 1,88; p=0,059).  

 

Consequently, and when considering the short time series, the above estimations seems to indicate 

that the FDL of order 1 is the most empirically appropriate model to use. It is important to notice, 

that the interpretation of the coefficient in table 6.1 is of little use as the variables are incomparable. 

I.e. they are measured in incomparable units – CoV and standardized output. However, this is also 

irrelevant, as the magnitude and size of the individual firms sensitivity to change is still valid in a 

comparable analysis. That is, sensitivity will still indicate which firms are most influenced by 

CGBC across the firm sample. Specifically, it is the establishment of relationships which is of 

greatest importance – not practical significance. 

6.1.2 Estimated firm sensitivity to changes in general business conditions 
 

As elaborated above, the firms in the sample and their sensitivity to CGBC will be estimated with a 

FDL model of order 1, where the first lag impact multiplier, , is used as the indicator of individual 

firm sensitivity. Consequently, following equation (which is a moderated version of equation 4.1) is 

used in order to indicate firm sensitivity 

 

 5.1 
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where  is used as the indicator of the individual firm sensitivity to CGBC and thus constitutes the variable 

sensitivity. 

 

Figure 6.2 illustrates a histogram of the 6.511 first lag impact multiplier regression estimations 

obtained through equation 5.1. 

 

 

The histogram presented in figure 6.2 illustrates that firms are very different affected by change 

(negatively and positively), although they are on average negatively affected. The average impact 

multiplier12 is -4,49. The histogram also illustrates a slightly left-skewed distribution of firms 

sensitivity to CGBC. Subsequently, and in accordance with table 6.1, the histogram illustrates that 

the highest proportion of firms, are negatively correlated with CGBC.  

 

A more detailed description of firms sensitivity to CBGD is illustrated in table 6.2, where various 

key statistics on the impact multipliers are presented across industries. 

                                                 
12

 This (the 6.511 impact multipliers) is the same as sensitivity introduced as the third variable in table 5.1. Hence, there 

is no difference between the 6.511 impact multipliers and sensitivity and they are used indiscriminately. 

Figure 6.2 – First lag impact multiplier distribution 

 

 

 

Source: ORBIS and Bloomberg  
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Table 6.2 shows that the industry most negatively affected by change on average is “Metals & 

Metal products”. Here, the green bars are pointers illustrating the rank of the industries. Those 

industries most negatively affected by change have the longest green bars. The industry least 

affected by change is “Hotels & Restaurants”. Notice, that on average, no industry is positively 

affected by change. Table 6.2 is very interesting, as it seems to qualitatively validate, that equation 

5.1 captures the moderating effect of capital orders depicted by Austrian capital theory. Those 

goods identified as higher order goods within Austrian capital theory seem to match the industries 

most negatively influenced by change in table 6.2 (Foss and Ishikawa, 2006: p. 755-757; Skousen, 

2007: p. 305). This is further addressed in section 7. 

 

It is also interesting that the standard error is quite similar across all industries. The lowest standard 

error is 6,2 and the highest standard error is 8,2. This indicates that the distribution of firms 

sensitivity to CGBC is quite similar within the industries.  

 

In sum, using equation 5.1., 6.511 time series regression estimations of firms sensitivity to CGBC 

were calculated. These estimations are now collectively referred to as sensitivity as presented in 

table 5.1. 

 

  

Table 6.2 – Impact multipliers across industries 

 

 
 

Source: ORBIS and Bloomberg  

 

Industry Number of firms Mean Max Min St.error.

Chemicals, rubber, plastics, non-metallic products 915 -4,5 19,7 -22,5 7,8

Construction 162 -3,4 18,3 -18,6 7,4

Education, Health 41 -1,3 14,7 -15,7 7,8

Food, beverages, tobacco 230 -3,3 19,3 -19,5 7,2

Gas, Water, Electricity 68 -5,1 12,3 -20,2 8,2

Hotels & restaurants 35 -0,4 17,1 -12,6 7,7

Machinery, equipment, furniture, recycling 2.638 -4,9 21,4 -19,7 7,0

Metals & metal products 339 -7,4 17,8 -20,0 6,9

Other services 790 -2,9 18,8 -21,7 7,4

Post & telecommunications 113 -2,2 16,5 -19,3 7,0

Primary sector 203 -6,4 15,9 -20,1 7,2

Publishing, printing 280 -2,6 13,9 -19,6 7,2

Textiles, wearing apparel, leather 132 -6,6 14,1 -18,5 6,5

Transport 49 -6,2 12,1 -20,9 6,7

Wholesale & retail trade 417 -3,5 18,0 -19,0 7,2

Wood, cork, paper 99 -6,5 10,9 -18,9 6,2
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6.1.3 Testing model assumptions 
 

As stated before, testing model assumptions for all estimations obtained in section 6.1.2 is out of 

scope due to time. However, one random estimation is extracted and tested for in terms of classical 

OLS assumptions. Testing for model assumptions is important as the Gauss-Markov theorem states 

that OLS is the best linear unbiased estimator (BLUE) if the standard set of assumptions holds 

(Wooldridge, 2009: p 351).  

 

First, it is important to notice that equation 5.1 is estimated with time series data and therefore the 

classical linear model assumptions are more restrictive than those for the cross-sectional data. In 

particular, strict exogeneity and no serial correlation are strong assumptions in regression analysis 

with time series data. Also, due to the short time series, relying on OLS asymptotics is not viable 

and thus independent and identically distributed errors has to be explicitly assumed in order to 

perform exact statistical inference for any sample size. Consequently, finite sample properties of 

OLS under classical assumptions are used. Specifically, these assumptions are (Wooldridge, 2009: 

p.345-252: 

Unbiasedness of OLS estimator 

1. Linear in parameters 

2. No perfect collinearity 

3. Zero conditional mean (Strictly exogenous) 

Variance of OLS estimator 

4. Homoskedasticity 

5. No serial correlation 

Inference under OLS 

6. Normality in error terms (this assumption is only important for small samples as we cannot 

rely on central limit theory (Wooldridge, 2009: p. 377). 

 
With these assumptions clarified, output, change and changet-1 are presented along with residuals 

for a random estimation in table 6.3. These residuals are used to test the OLS assumptions presented 

above. 
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Table 6.2 illustrates relevant data from the random firm, Calsonic Kansei Corporation situated in 

Japan. The firm is extracted in order to test OLS assumptions with time series data. Consequently, 

output in Calsonic Kansei Corporation is regressed on change on the continent Asia. Table 6.2 also 

displays the different relevant datasets in column two, three and four. The OLS predicted values are 

presented in column five and residuals, which is used in order to test OLS model assumptions, is 

presented in column six and seven.  

 

Specifically, the OLS assumptions are addressed in the subsections below. 

 

Linearity and no perfect collinearity 

The independent variables, although lagged, does obviously not violate no perfect collinearity as 

they are not linear in combination or constants. Linearity between independent and dependent 

variables are assumed. 

 

Zero condition mean 

Even though using a FDL model of order 1 explicitly controls for past values of the independent 

variable, a FDL model of order 1 violates the assumption of strictly exogenous independent 

variables. That is, the error in time t, is per definition correlated with the dependent variable in time 

t, in the FDL model of order 1 (Wooldridge, 2009: p. 384). Also, change do have some simultaneity 

bias as output is likely to affect the parameters determining change (Wooldridge, 2009: p. 88). 

Table 6.3 – Estimating and validating sensitivity for Calsonic Kansei 

Corporation 

 

 
 

Source: ORBIS and Bloomberg  

 

Year

Detrended 

standardized 

output Change t Change t-1
Predicted Residuals Residuals t-1

2012 - - -

2011 0,51 0,08 0,08 0,39 0,12 0,14

2010 0,15 0,08 0,14 0,00 0,14 -0,55

2009 -1,66 0,14 0,19 -1,12 -0,55 0,23

2008 -0,76 0,19 0,08 -0,99 0,23 1,71

2007 1,89 0,08 0,11 0,18 1,71 -0,04

2006 0,02 0,11 0,09 0,06 -0,04 -0,08

2005 0,39 0,09 0,06 0,47 -0,08 -0,37

2004 0,23 0,06 0,09 0,60 -0,37 -1,17

2003 -0,77 0,09 0,07 0,40 -1,17 -
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Consequently, OLS cannot be shown to be consistent and unbiased13 (Wooldridge, 2009: p. 347-

349). The direction of the bias can be indicated, if the correlation between the observed and 

unobserved variables is known or an educated guess can be established. However, this is not the 

case (Wooldridge, 2009: p. 89-93).  Solutions to these problems, like proxy variables or 

instrumental models (Wooldridge, 2009: p. 506-573) are beyond the scope of this paper. So, these 

problems are ignored and thus it is assumed that the assumptions still hold.  

 

Also, in order to avoid misspecification and thus omitting important relationships within the model, 

several functional relationships between output and change were considered. These includes 

logarithmic and quadratics. None of these seemed to fit the model to a higher degree (Wooldridge, 

2009: p. 189-197). 

 

No serial correlation 

As stated, the explanatory variables are not strictly exogenous as the suggested model contains a 

lag. Consequently, the Durbin-Watson test is not valid. However, Durbin´s alternative test is valid 

(Wooldridge, 2009: p. 416-417). This test regress the OLS residuals on all independent variables, 

including intercept and the lagged residualt-1. The null hypothesis is then, that the errors are serially 

uncorrelated. Specific calculations can be seen in appendix E. The null hypothesis cannot be 

rejected (p=0,16) and thus there is no evidence for first order serial correlation. This test is easily 

extended to higher orders of serial correlation by adding lagged higher orders of lagged residuals. 

I.e. residualt-2, residualt-3, residualt-q. However, due to the short time series these regressions were 

not run.  

 

Homoskedasticity 

Heteroskedasticity can be a problem especially in small samples and thus using Heteroskedasticity-

robust standard errors are not comprehensive. An important assumption for testing for 

heteroskedasticity in time series data is no serial correlation (Wooldridge, 2009: p 432). Here, the 

hypothesis of serial correlation is rejected above. The Breusch-Pegan test is used to test for 

                                                 
13 Notice, that for large samples, the lagged estimator may be consistent, although biased, due to the fact that the 

assumption regarding zero conditional mean is weaker. That is, zero conditional mean under asymptotic properties only 

puts restrictions on how the error is related to the explanatory variable within the same time period. Consequently, 

although the estimator is likely biased it may be consistent for larger samples. However, this can obviously not be tested 

as the sample cannot be expanded.  
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heteroskedasticity (Wooldridge, 2009: p 273). The null hypothesis is that the homoskedasticity 

assumption holds. Specific calculations can be seen in appendix F. The Breusch-Pegan test 

produces an F statistic on 0,124 and the associated p-value = 0,885. The null hypothesis cannot be 

rejected and thus no evidence for heteroskedasticity.  

 

Normality of errors 

Errors in time series, or alternatively the dependent variable (output) given the independent variable 

(change), have to be independent and identically distributed (Wooldridge, p 351-352). Normality is 

only tested informally. A histogram is not appropriate as the sample size is too small, and thus a QQ 

plot illustrated in figure 6.2.  

 

 

The line in figure 6.2 represents two identical distributions. Consequently, if the plots were fitted 

perfectly on the line, the residuals would be normal. In this case, the distributions seem to be 

somewhat similar.  

 

Overall model assessment 

Consistency is a minimal requirement for an estimator (Wooldridge, 2009: p. 168). However, and as 

discussed above, zero conditional mean may be violated. However, it is out of scope to insert proxy 

variables or implementing instrumental models. Consequently, the potential problems with zero 

conditional mean are ignored, and thus it is assumed that the estimators are unbiased and consistent.   

 

Figure 6.2 – QQ plot – Comparing 

residuals quantiles with normal quantiles 

 

 
 

Source: ORBIS and Bloomberg  
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Nevertheless, other important assumptions related to the time series regression were tested and 

these seemed to validate the model to a certain degree. That is, evidence against serial correlation, 

heteroskedasticity and non-normality could not be established.  

 

Last, although this model was tested for heteroskedasticity, serial correlation and normality, these 

assumptions are linked to variance and statistical inference of the OLS estimators. Because 

inference on the time series data are not considered and used further on in the model, violations on 

these are irrelevant. But, as change is not strictly exogenous these assumptions were tested in order 

to potentially indicate certain misspecification problems.  

6.1 Estimating the moderating effect from capital orders  
 

Using equation 4.2 from the model presented in section 4, the moderating effect on firms sensitivity 

to CGBC from capital orders is estimated in this section. This estimation were made using SAS. 

The cross-firm multiple regression is split into five different estimations of the model from equation 

4.2 in order to get a more comprehensive illustration of the empirical relationships in the proposed 

variables. Model 1 is an estimation including only key variables without an interaction term. Model 

2 is an estimation with the key variables and the interaction term. Model 3 is an estimation with key 

variables interaction term and the control variables size and age. This model is estimated in order to 

avoid over controlling which may be present in model 4 (Wooldridge, 2009: p 203-205). Model 4 is 

an estimation of key variables with all control variables. Model 5 is an estimation of key variables 

with those control variables having non-zero partial effects on sensitivity (Wooldridge, 2009: p. 81). 

These estimations are illustrated in table 6.4.  
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Table 6.4 illustrates the estimated unstandardized coefficients, β, for the parameters in the five 

models presented above. The standard errors are reported as heteroskedasticity-robust standard 

errors (Wooldridge, 2009: p. 269-270). Significant coefficients are marked with signs as explained 

in the bottom of the table.  

 

Without controlling for other factors and not including an interaction term (model 1), the key 

variables measuring the concept of capital orders explains app. 1,3% of the variance in sensitivity. 

Consequently, only a small part of firms sensitivity to CGBC can be explained by the variables 

developed under the concept of capital orders in section 3.3. In addition, the key variable asset-to-

sales ratio (β= 0,29; s.e.= 0,09; p=<0,001) turns out to have a positive, statistically significant 

influence on sensitivity, which is the opposite of expected (see table 3.1. for expected signs in 

Table 6.4 – The moderating effect of capital orders on firms’ sensitivity to changes in general 

business conditions 

 

 
 

Source: ORBIS and Bloomberg  

 

Indpendent variables

β St.error. β St.error. β St.error. β St.error. β St.error.

Intercept -2,55*** 0,23 -2,58*** 0,25 5,14*** 0,55 5,17*** 0,62 5,28*** 0,61

log(Asset-to-sales ratio) 0,29*** 0,09 -0,05 0,14 -0,05 0,14 0,38** 0,15 0,38** 0,15

log(R&D) -0,23*** 0,03 -0,2*** 0,03 0 0,03 0,03 0,04 0,03 0,04

log(Asset-to-sales ratio) * log(R&D) - - 0,06*** 0,02 0,06*** 0,02 0,01 0,02 0,01 0,02

log(Size) - - - - -0,45*** 0,05 -0,45*** 0,05 -0,45*** 0,05

log(age) - - - - -1,15*** 0,13 -1,11*** 0,14 -1,12*** 0,14

Africa - - - - - - 1,87 2,50 1,94 2,49

Europe - - - - - - 0,35 0,27 0,42 0,26

Latin America - - - - - - -1,62** 0,66 -1,5** 0,65

Northern America - - - - - - 0,02 0,22 0,06 0,22

Ocenia - - - - - - 3,87*** 0,49 3,89*** 0,48

B - - - - - - 0,28 0,27 - -

C - - - - - - 0,31 0,75 - -

D - - - - - - 0,23 0,28 - -

Construction - - - - - - 1,82*** 0,62 1,8*** 0,62

Education, Health - - - - - - 1,06 1,13 1,12 1,13

Food, beverages, tobacco - - - - - - 1,51*** 0,54 1,53*** 0,54

Gas, Water, Electricity - - - - - - -0,89 0,91 -0,84 0,91

Hotels & restaurants - - - - - - 3,48*** 1,23 3,49*** 1,23

Machinery, equipment, furniture, - - - - - - -0,78*** 0,30 -0,79*** 0,29

Metals & metal products - - - - - - -2,93*** 0,47 -2,95*** 0,47

Other services - - - - - - -0,36 0,35 -0,36 0,35

Post & telecommunications - - - - - - 0,79 0,71 0,81 0,71

Primary sector - - - - - - -3,81*** 0,58 -3,84*** 0,58

Publishing, printing - - - - - - 0,63 0,49 0,64 0,49

Textiles, wearing apparel, leath - - - - - - -2,34*** 0,67 -2,34*** 0,67

Transport - - - - - - -2,81*** 1,06 -2,74*** 1,06

Wholesale & retail trade - - - - - - 0,73 0,46 0,71 0,46

Wood, cork, paper - - - - - - -1,98*** 0,76 -1,95*** 0,76

Banktrupt - - - - - - 3,28** 1,47 - -

Takeover - - - - - - -0,04 0,41 - -

Dissolved - - - - - - 0,87 1,83 - -

Observations

F-statistic

R-squared

R-adjusted

Note: * p<0,1; ** p<0,05; *** p<0,01

OLS Model 3

6.511

69,92***

0,051

0,050

OLS Model 1

6.511

42,09***

0,013

0,013

Dependent variable: Sensitivity 

OLS Model 5

33,63***

0,015

0,015

OLS Model 2 OLS Model 4

19,98***

0,087

0,083

6.5116.511 6.511

24,51***

0,086

0,083
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model). The key variable R&D (β= -0,23; s.e.= 0,03; p=<0,001) has a negative, statistically 

significant influence on sensitivity, as expected. Consequently, model 1 seems to provide evidence 

against the theoretical considerations as only R&D has the expected moderating influence on firms 

sensitivity to CGBC.  

 

Without controlling for other factors but including an interaction term as described in concept C 

(model 2) the key variables measuring the concept of capital orders explains app. 1,5% of the 

variance in sensitivity. With regards to the coefficient of the variables, these seem to indicate the 

expected relationship as illustrated in table 3.1. Here, although, the single estimate of asset-to-sales 

ratio is insignificant (β= -0,05; s.e.= 0,14; p=0,71), the joint estimate of all the independent 

variables is highly significant (F = 33,64; p=>0,0001) and so it is certainly rejected that key 

variables in combination are not related to sensitivity. However, using the interaction term makes it 

somewhat more difficult to interpret model 2. That is, we must plug in the mean value of R&D in 

order to estimate the partial relationship between asset-to-sales ratio and sensitivity. So at the mean 

R&D (=7,34) the partial relationship of asset-to-sales ratio and sensitivity is -0,05 + 0,06(7,34) = 

0,50. Thus, additional asset-to-sales ratio influences positively sensitivity for firms with higher 

R&D, which is still the opposite of expected.  Similar, at the mean of asset-to-sales ratio (=-0,76) 

the partial relationship of R&D and sensitivity is -0,2 + 0,06(-0,76) = -0,25. Consequently, model 2 

seems to indicate the same as model 1 – that asset-to-sales ratio influence sensitivity positively, 

whereas R&D influence sensitivity negatively - also when the variables depend on each other. 

 

Adding size and age as control variables in model 3 increases explained variance to app. 5,1%. 

However, the coefficient on asset-to-sales ratio do not change in comparison with model 2 (β= -

0,05; s.e.= 0,14; p=0,71) and  the coefficient on R&D interestingly becomes nearly zero and 

insignificant (β= 0,001; s.e.= 0,03; p=0,97). Accordingly, when controlling for size and age, all key 

variables has the opposite sign on the coefficients than expected. Here, both size (β= -0,45; s.e.= 

0,05; p=<0,001) and age (β= -1,15; s.e.= 0,13; p=<0,001) has negative significant influence on 

sensitivity. This means, that the older and larger the firms get the more sensitive they are to CGBC, 

when controlling for the key variables. One explanation may be, that firms are more dependent on 

markets, the more established they become. That is, their demand and supply become more stable as 

the products grow bigger and enter maturity. However, further research into this issue is not 

undertaken.  
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Adding all the control variables in model 4 increases the explained variance to app. 8,7%. However, 

this is only expected as more independent variables always increases explained variance 

(Wooldridge, 2009: p. 81). Notice here, that model 4 may and properly do suffer from over 

controlling (Wooldridge, 2009: p 203-205) as the coefficient on the key variables do change 

significantly compared to model 3. That is, asset-to-sales ratio is insignificant (β= -0,05; s.e.= 0,14; 

p=0,71) in model 3, but positively significant (β= 0,38; s.e.= 0,15; p=0,01) in model 4. Here, 

several issues related to the control variables must be elaborated upon. First, the regime of Austrian 

Capital theory belongs to the entire capital system as such and so theoretically, the causalities are 

only valid for the entire economic system. Hence, controlling for industries and geography is over 

controlling as the proposed causalities exist across these categories - not within these isolated parts 

of the capital system. Nevertheless, these variables were included in model 4 as important findings 

could potentially be drawn from these. Here, as model 1, 2 and 3 do not contain these variables, this 

seems reasonable to do.  

 

Second, the status dummy is obviously violating casual inference. For example, the category 

bankruptcy within status can obviously not influence sensitivity, as sensitivity is measured before 

bankruptcy. However, this variable was still included in the model as one of the theoretical notions 

was that status could be explained through the notions of higher capital orders. Here, the initial idea 

was that status was incorporated in equation 5.1 instead of equation 4.2. However, status could not 

be incorporated in equation 5.1 and thus the variable was included in equation 4.2 in order to 

potentially revival possible interesting empirical relationships. Hence, again, this variable was 

included in model 4 as important findings could potentially be drawn from this.  

 

In model 5, removing vertical integration as it has zero partial influence on sensitivity and status as 

it violates causal inference, decreases explained variance to app. 8,6%. Nevertheless, key variables 

still displays the same signs as in model 4. Subsequently, both model 3, model 4 and model 5 seems 

to illustrate the same relationship as displayed in model 1 and model 2. Namely that the developed 

concept of capital orders measured as a combination of the key variables asset-to-sales ratio and 

R&D, do not influence sensitivity. Here, R&D do moderate the relationship in the expected way in 

model 1 and model 2, but it is theorized that the variables will capture the notions of capital orders 

in combination and this is not supported. Hence, this paper cannot find evidence of capital orders 

being a moderator on firms sensitivity to CGBC.  
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While all the models presented in table 6.4, fails to prove that the concept of capital orders 

moderate firms sensitivity to CGBC, some important information may still be retrieved from these 

models. For example, in model 3, it seems that size (β = -0,45; s.e. 0,05; p=<0,001) and age (β = -

1,15; s.e. 0,13; p=<0,001) have negatively influence on sensitivity.  Hence, the older or larger the 

firm, the more the firm is negatively influenced by CGBC. This relationship is the same without the 

key variables included in the model. Also, and as indicated in table 6.2, model 5 seems to provide 

statistically significantly evidence for the fact that firms within different industries are, on average, 

influenced very differently by CGBC. Last, and quite counterintuitive, the category bankruptcy (β= 

3,24; s.e.= 1,47; p=<0,03) turns out to have positive influence on sensitivity. As mentioned, this 

variable is hard to interpret due to the causal direction. However, it is still puzzling, that firms 

which have gone bankrupt, have been positively associated with CGBC. Further research into this 

issue is not undertaken. 

 

Last, it may be advantageous to test if the other control variables influence sensitivity, when the key 

variables have been controlled for. Consequently, model 5 is used as the unrestricted model, 

whereas model 2 is used as restricted model (Wooldridge, 2009: p. 145-148). The null hypothesis is 

then, that the independent variables left out from the unrestricted model to the restricted model have 

no influence on sensitivity. The null hypothesis is tested with an F statistic and defined by 

(Wooldridge, 2009; p. 145)  

 

 

SSRr is sum of residuals from restricted model which is = 363.227.  

SSRur is sum of residuals from unrestricted model which is = 318.922.  

q = restricted model (model 2) number of degrees of freedom (6507) - unrestricted model (model 5) 

number of degrees of freedom (6485) = 22.  

(n-k-1) = unrestricted model (model 5) number of degrees of freedom = 6482 
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There is considerable evidence (p-value=>0,001) for the fact that the independent left out from the 

unrestricted model to the restricted model, has jointly statistically influence on sensitivity. 

Consequently, these should be included in the model, if over controlling is not an issue. 

6.2.1 Testing model assumptions 
 

Model 3 illustrated in table 6.4 is tested in terms of classical cross-sectional OLS assumptions under 

asymptotics due to potential over controlling in model 5. This model is chosen as over controlling is 

clearly not an issue in model 3(Wooldridge, 2009: p. 68- 183).  

 

But, before testing for OLS assumptions, it may be advantageous to check for outliners and 

observations with too much influence on the model. Problems with outliners and influential 

observations are strictly speaking not assumptions needed for doing valid regression analysis and 

especially with large data sets, these issues are normally not a problem. Furthermore, and as 

discussed in section 4, variables are also logged in order to mitigate these problems. Still, outliners 

and influential observations may influence the coefficients in unwarranted ways and thus the issue 

is dealt with in a rather informal way below (Wooldridge, 2009: p. 325-229).  

 

Here, extreme cases are only checked for by using studentized residuals (Wooldridge, 2009: p. 

327). A studentized residual for a given observation correspond to a dummy variable equal to that 

given observation. Therefore, the dummy’s coefficient can be used to see how far of the observation 

is from the regression line obtained without using that given observation. The corresponding t 

statistics on the dummy variable is then valid (Wooldridge, 2009: p 327). Model 3 shows 284 cases 

with higher studentized residuals than 2. I.e. these are identified outliners at the 5% significance 

level. Observations in model 3 with studentized residuals above +-2 can be seen in appendix G. 

Model 3 is estimated without these significant outliners in appendix H, but as anticipated this do not 

change the results obtained in table 6.4. Consequently, outliners are not addressed further. 

 

Linearity  

 

The functional form between the dependent and independent variables is level-log. This function 

form is chosen due to the assumed log-normal distributions of the independent variables, which 

mitigates outlying observations (Wooldridge, 2009: p. 328). Here, similar independent variables are 
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also logged in economic literature (Wooldridge, 2009: p. 190-192). Consequently, linearity is 

assumed in this level-log transformation. 

 

Random Sampling  

 

As illustrated in table 5.6, there is substantial evidence for sampling bias/non-response, due to the 

fact that the required data cannot be supplied for a systematic part of the sample. Consequently, the 

findings are likely not representative for firms in general. Here, using stratified sampling to correct 

this is not an option as there is no access to the subpopulation. I.e. small firms.  

 

Yet, although the data do not allow for definitive findings because of the problem of generalization, 

this data can likely provide an indication of the proposed causalities (Bryman, 2004: p. 83-107). 

That is, certain types of non-random sampling do not cause bias or inconsistency in OLS 

estimations. Here, the distinction between exogenous sample selection (Sample selection based on 

the independent variable) and endogenous sample selection (sample selection based on the 

dependent variable) is crucial. Exogenous sample selection does not cause any statistical problems, 

provided that there is enough variation in the independent variable in the given subpopulation and 

the rule of exclusion is fixed. Endogenous sample selection always causes biased estimators 

(Wooldridge, 2009: p. 322-324). This paper´s non-random sample is selected and thus restricted by 

the R&D variable (See section 5.1), and thus the sample selection on this basis is properly 

exogenous. This means that the estimators in table 6.4 are still valid estimators of the parameters in 

the population model in equation 4.2. However, this is not such a clear-cut as it may not be a fixed 

rule which the observations in the sample is excluded on. Rather, it seems likely that the probability 

of being in the sample increases with the factors presented in table 5.5 due to the R&D selection and 

then the sample is endogenous.  

 

Further research into determining and potentially correcting this endogenous sample selection is out 

of scope (Wooldridge, 2009: p. 606-612). Consequently, the estimators obtained in table 6.4 have to 

be interpreted with this in mind and it is not possible to generalize the findings, as the population 

representativeness is fundamentally unknown. 
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No perfect collinearity 

None of the independent variables can be constants and there can be no exact linear relationships 

among the independent variables. Obviously, the assumption of no perfect collinearity only fails in 

rare cases. But high correlation between the independent variables, known as multicollinearity, is 

also a problem as this can lead to imprecise estimations. However, it is important to notice that 

multicollinearity do not violate the assumption of no perfect collinearity (Wooldridge, 2009: p. 85-

87). 

 

Consequently, the variance inflation factor is calculated for each key variable and is calculated as = 

1/(1- ), where is the proportion of the total variation of xj that can be explained by other 

independent variables. An informal rule states, that if the Variance inflation factor is above 10, then 

multicollinearity is a problem. Here, formal statistics have not been developed as “too much” 

multicollinearity is an arbitrary question (Wooldridge, 2009: p. 99). Still, total variation of asset-to-

sales ratio that can be explained by the other independent variables is 0,61%, which gives a 

variance inflation factor on asset-to-sales ratio on 2,57. Total variation of R&D that can be 

explained by the other independent variables is 0,39%, which gives a variance inflation factor on 

R&D is 1,64. Both variance inflation factors seems to reject that multicollinearity is a problem. 

Another statistics that can be scanned in order to check for multicollinearity is the correlation 

matrix between all of the variables. This can be seen in appendix H. The correlation matrix does not 

indicate multicollinearity.  

 

Zero conditional mean 

 

There are no reasons to believe that any of the variables are endogenous. Furthermore, several 

functional specifications, including level and quadratics were tested for and none seemed to fit data 

to a higher degree. 

 

Homoskedasticity 

 

Heteroskedasticity do not cause bias or inconsistency in OLS estimators. But, in order to get 

unbiased variances of the OLS estimators and thus valid t and F statistics, the homoskedasticity 

assumption cannot be violated. However, and as mentioned above, the standard errors reported in 
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table 6.4 is heteroskedasticity-robust which is common to report in modern econometrics when N-

large (Wooldridge, 2009: p. 265-271).  

 

Still, the Breusch-Pegan test is used to test for heteroskedasticity (Wooldridge, 2009: p. 273). The 

null hypothesis is that the homoskedasticity assumption holds. The Breusch-Pegan test produces an 

F statistic on 4,9 and the associated p-value = 0,0002. The null hypothesis is strongly rejected and 

thus significantly evidence for heteroskedasticity. If heteroskedasticity is present, the OLS 

estimators may no longer be the best linear unbiased estimators. Hence, it may be rewarding to test 

if the heteroskedasticity is linked to the key variables. I.e. asset-to-sales ratio and R&D.  The 

modified Breusch-Pegan on the key variables produces an F statistic on 3.94 and the associated p-

value = 0,02. The null hypothesis is therefore also strongly rejected for the key variables and thus 

there is evidence for heteroskedasticity. This means that OLS is properly not the most efficient 

estimation method. Here, estimating with generalized least squares may be more efficient, but using 

this method is out of scope. 

 

Accordingly, the corrective measures in terms of robust standard errors with a large sample, is 

considered second best option (Wooldridge, 2009: p. 265-269).  

 

Overall model assessment 

 

Model validity is mostly connected to the seriousness of sampling bias. This cannot be tested and to 

which degree the estimators are representative for all firms or maybe only valid for the particular 

group upon the research was conducted is impossible to asses (Bryman, 2004: p. 62-81). 

Nevertheless, it seems from table 5.6 that especially old and large tech-firms are overrepresented in 

the sample. Consequently, the representativeness of the model estimators must be taken with great 

caution. 

 

Other important assumptions related to the cross-sectional regression are tested and these seemed to 

validate the model to a certain degree. That is, multicollinearity cannot be established and 

heteroskedasticity-robust standard errors are used to infer the estimations in table 6.4. However, the 

evidence against heteroskedasticity was strongly rejected and thus this could indicate that the OLS 

model is not the best linear unbiased estimator. Other estimations methods are not applied to data.   
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7.  
 

This section will elaborate on the results from the empirical analysis in section 6. As mentioned in 

section 2.5, especially reliability and validity has to be addressed. Last, direction for future research 

will be discussed. 

7.1 Critics of the analysis  
 
Several issues with regards to reliability and validity can be discussed (Bryman, 2009: p. 28-30). 

This section will therefore present and discuss different problems with the research model that may 

lead to incorrect results are discussed.  

7.1.2 Reliability 
 

The reliability of the results is mostly connected to consistency in the key measurements; Sales, 

Fixed assets and R&D. I.e. missing values or particular variations in key measurements may be 

caused by cultural- and/or institutional collection schemes across geography and time. Thus, true 

differences between these measurements may contain noise. Although, the study as such is 

repeatable due to the widely public access to ORBIS, inconsistency in the measurements across 

geography and time may therefore be present in the results. For example, data is collected for very 

different areas and regions and across a significant economic crisis in 2007-2009, which may have 

altered the way firms register their accounting data. But recall, that in section 2.4, it was discussed 

that these issues seems to be minor in ORBIS.  

7.1.2 Construct validity 
 

The measures developed in this thesis may not reflect the concepts and thus problems related to 

construct validity are discussed. Here, the theoretical reasons for using the developed measures 

have been elaborated on section 3.3 and will not be discussed further. Instead, the construct and use 

of some variables seems most critical. Namely, the construct of change and the key variables asset-

to-sales ratio and R&D.  

 

First, although the construct of change were designed to capture more disaggregated business 

movements, the measurement is still an aggregated figure and thus change is a very broad 

measurement of CGBC. Here, Austrian economics emphasis that use of highly aggregated and 
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homogeneous economic figures are of little use within the study of economics. Consequently, the 

specific business environment for the individual firm in the sample is properly captured to a less 

degree for many of the observations. But as argued in section 3.3, change in the average firm 

environment is likely captured. This statement is supported by the results in table 6.2., as the 

vertical structure depicted in Austrian capital theory seems nicely tracked. Also, the measurement 

of change is also somewhat different than other usual focal points indicating economic change. For 

example, the correlation coefficient between change for Northern America and the stock market 

returns from the SPX index is -0,42. So the measurement does capture somewhat different business 

variations than the usual indicators of economic change and risk. Consequently, it seems reasonable 

to conclude that change, on average, captures the concept of changes in general business conditions. 

 

Second, the key variables - asset-to-sales ratio and R&D – were designed to capture the firms 

capital position in temporal capital structure. This capital position is assumed to be stable over time 

and thus empirically measured as the long-run average. That is, a crucial theoretical insight from 

section 3 is that capital is fixed within the capital system. Capital is immobile and cannot move 

between capital orders. Recall, that fixity in the capital system is exactly why complementarity vs 

substitutability becomes important.  

 

Subsequently, it may be advantageous to empirically test this fixity within the dataset as this may 

indicate problems with the construct of the concept. That is, if a given firm is fixed across the 

temporal capital system, then the first observation in asset-to-sales ratio of firm i, must be highly 

correlated with the last observation in asset-to-sales ratio of firm i. All things being equal, if firm i 

is measured to belong to higher order capital in the first time series observation, then fixity assumes 

that firm i also belongs to higher order capital in the last time series observation. The correlation 

coefficient between the first and last time series observation of asset-to-sales ratio is 0,58. The 

correlation coefficient between the first and last time series observation of R&D is 0,86. Hence, 

especially the correlation coefficient on the variable asset-to-sales ratio, seems to suggest that the 

assumed low-frequency in this measure is violated.  

 

This may indicate that the construct/data is weak or it may indicate that a large part of the capital 

system is not fixed, and some capital can move quite easily between capital orders. However, before 

concluding anything with these figures, the theoretical considerations do actually open up for the 
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possibility that capital is mobile in the lower orders of the capital scheme. Fortunately, this 

circumstance can be controlled for in equation 4.2. That is, if capital closet to consumption is more 

mobile than higher order capital, then inserting a variable measuring the stability of the key 

variables may give important insights. A formal presentation with this control variable is not 

conducted, but notice that stability is measured for every firm as the standard deviation of the key 

variables in the measured time series period (2003-2012). The regression results for model 2 and 

model 3 introduced in table 6.4, including stability as a control variable can be seen in appendix I.  

 

Interestingly, stability of asset-to-sales ratio is highly and significantly positively associated with 

sensitivity. This demonstrates that it is actually especially the firms with positive values of 

sensitivity which has unstable asset-to-sales ratio time series. I.e. the assumption of low-frequency 

in asset-to-sales ratio, is especially violated for firms with positive sensitivity values. This properly 

also explains the left-skewed histogram in figure 6.2. That is, it is especially firms with output 

positively affected by change, which is not fixed in and thus mobile in use. Accordingly, this seems 

to indicate that the construct do capture important features of capital orders.  

 

However, as can be seen in appendix I, this control variable did not change the key results 

significantly. Consequently, the construct of the key variables seems to empirically capture the 

increased fixity of higher order capital. But, there is still no evidence for the fact that firms with 

capital of higher orders are more sensitive to changes in general business conditions. Why evidence 

still seems to be insignificant, when controlling for stability is further addressed in section 7.2.  

7.1.3 Internal validity 
 

As mentioned in section 2.5 and section 4, reverse causality may be an issue in the results. That is, 

the study proposes that firms producing goods of higher orders are most influenced by CGBC. 

However, the reverse may also be true, that that firms most influenced by CGBC is investing more 

in R&D and seeking high asset-to-sales ratio´s. However, this issue is hard to address, and further 

research into this is not conducted in this thesis. 

7.1.4 External validity 
 

External validity is addressed in section 5.4 and 6.2.1. Here, it is established that it is problematic to 

generalize the findings. Thus, the study may only be valid for the 6.511 firms in the sample. This 
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issue is quite crucial, as the theoretical considerations apply to the capital system as a whole. So 

even if internal and construct validity is not violated, the study may not be able to clearly generalize 

findings. Recall that sampling bias is likely connected to the substantial non-response of firms with 

known R&D values in the sample. Hence, this indicates that the quality of the data is poor. 

However, the alternative was to treat all non-response firms equally, and assign them with zero 

value. An obviously unfeasible approach. 

 

In sum, the most critical part of the analysis seems to be connected to external validity and thus 

poor data. Reliability and construct validity seems more robust. That is, equation 5.1 seems, on 

average, to capture the moderating effect from capital orders to a high degree. Also, and accordance 

with the theoretical considerations, the higher order capital seems to be more fixed and immobile 

within the capital system.  

7.2 Future research 
 

The research conducted in this thesis attempted to make a distinct and original contribution in 

implementing Austrian capital theory on a micro-level. Consequently, it is important to elaborate on 

the specific path and focus on “what went wrong” and “what went well”. Here, although this thesis 

failed to prove the moderating effect from capital orders on firm-level, important lessons were still 

learned for future research.  

 

Specifically, the findings in table 6.2, seems to qualitatively validate that the developed model in 

equation 5.1, do successfully capture the moderating effect from capital orders. However, this 

validation is qualitative in nature and conducted on industry-level, and as pointed out above, this 

thesis failed to provide evidence for the moderating effect on a firm-level. Nevertheless, it is 

suggested by this author, that evidence could not be established on a firm-level, because of non-

response in data. Hence, the non-support for the model developed in equation 4.2, is likely 

connected to the quality of data. In support for this, the discussion of the analysis in section 7.1 

seems to indicate that the most critical parts of the analysis are connected to non-response issues.  

 

Also, the fact that each of the 6.511 firms were estimated with the same FDL model of order 1 and 

with considerable short time series (10>N), may likely have produced a substantial amount of bad 

estimates of sensitivity. Specifically, it was out of scope to test for OLS assumptions for all the 
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6.511 estimations and this may have produced systematic poor estimates for some groups of 

observations. Here, the slightly left-skewed distribution of the histogram in figure 6.2 and the 

unstable measurement of the long-run average of the key variables may be an indicator of 

systematically poor estimates. Thus, if concepts can be estimated with more accuracy (↑N), and 

non-response issues can be eliminated, future research with reference to the results in table 6.2 

seems promising with regards to implementing Austrian capital theory on a firm-level.  

 

In connection to this, it may also be advantageous to apply more sophisticated estimation methods 

which explicitly accounts for estimation errors obtained in equation 5.1. For example, in section 

6.2.1, substantial evidence for heteroskedasticity was established and this heteroskedasticity may be 

efficiently corrected using weighted least squares estimation. In fact, if weighted least squares is 

specified correctly, weighted least squares estimation may be more efficient than OLS (Wooldridge, 

2009: p. 276-286). A study made by Petersen and Strongin (1996) may work as a fruitful inspiration 

for the development of such an estimation method. 
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A thorough review of Austrian capital theory suggested that a firm’s capital position in the temporal 

capital structure moderates its sensitivity to changes in general business conditions. Key concepts 

used for analyzing firms capital position are time and capital heterogeneity. The key insight is that 

firms with heterogeneous capital separated from immediate consumption by a structural time-lag 

are most sensitive to changes in general business conditions. Thus, in a path dependent capital 

system, it is costly to switch the use of heterogeneous capital. Accordingly, change affects capital 

only because of the fact that some capital is heterogeneous in nature.  

 

The review of Austrian capital theory also revealed that notions applied on similar analytical levels 

are limited. Thus, a specific distinct contribution of this thesis was the operationalization of key 

concepts into measurable variables on a micro-level. Especially the development of capital orders 

on a firm-level seems unique. In order to grasp the notion of changes in general business conditions, 

this thesis adopted a technique made in order to measure simultaneous movements in key business 

parameters.  

 

A specific model was then designed in order to explore how well the concept of capital orders 

moderates the firms empirical output sensitivity to changes in general business conditions. The 

approach was split between an estimation of firms sensitivity to changes in general business 

conditions using a regression model with time series data and a cross-firm explanation of the 

variance observed in the firms estimated sensitivity using a multiple regression model.  

 

The findings seemed on an industry-level to qualitatively validate that the developed model does 

successfully capture the moderating effect from capital orders. However, this validation could only 

be made on the industry-level, and thus this thesis failed to provide evidence for a moderating effect 

on a firm-level. However, it is suggested that evidence could not be established as data quality was 

poor.  

 

Consequently, assumed relevant data be collected, further research with regards to implementing 

Austrian capital theory on a firm-level may be rewarding. 
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Appendix A Technical illustration of the search strategy in ORBIS 

 
  

Step result Search result

1. 98,767,135 98,767,135

2. 97,793,551 89,132,404

3. 15,068,715 12,526,586

4. 9,077,297 7,920,295

5. 214,186 165,179

6. 105,276,047 26,906

Fixed assets: All companies with a known value, 

2012, 2011, 2010, 2009, 2008, 2007, 2006, 2005, 

2004, 2003, for at least one of the selected 

periods
Sales: All companies with a known value, 2012, 

2011, 2010, 2009, 2008, 2007, 2006, 2005, 2004, 

2003, for at least one of the selected periods

Research & Development expenses: All companies 

with a known value, 2012, 2011, 2010, 2009, 2008, 

2007, 2006, 2005, 2004, 2003, for at least one of 

the selected periods

World region/Country/Region in country: 

Afghanistan, Africa, Armenia, Azerbaijan, 

Bangladesh, Bhutan, Brunei Darussalam, 

Cambodia, China, Eastern Europe, Georgia, Hong 

Kong, India, Indonesia, Japan, Kazakhstan, 

Kyrgyzstan, Lao People's Democratic Republic, 

Macao, Malaysia, Maldives, Middle East, Mongolia, 

Myanmar, Nepal, North America, Oceania, 

Pakistan, Philippines, Singapore, South and 

Central America, Sri Lanka, Taiwan, Tajikistan, 

Thailand, Turkmenistan, Uzbekistan, Viet Nam, 

Western Europe

Type of entities: Industrial companies, Private 

equity firms

Product name Orbis

Update number 108

Software version 128.00

Data update 14 Feb 2013 (n° 10846)

Username Birgit Brejneboel-23164

Export date 18 Feb 2013

Status: Active, Active (default of payment), Active 

(insolvency proceedings), Active (branch), In 

liquidation, Bankruptcy, Dissolved (merger or take-

over), Dissolved (demerger), Dissolved 

(liquidation), Dissolved (bankruptcy), Dissolved
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Appendix B Inspecting and cleaning the sample 

 
It was decided to export the data into Excel because several data irregularities like, broken time 

series, missing values, inconsistency, etc., were identified in the sample. Here, Excel seemed 

attractive as it allows for profound data manipulation such as sorting(), look-up(), if(), etc. All of the 

technical data variables downloaded from ORBIS and their connection to the variables presented in 

table 5.1, can be seen in the list in the end of this appendix. Following cleaning processes of this 

data include: 

 

1. Only firms with 7>= periods were selected. 

2. Many firms were registered as active and incorporated before 2003, but did not display 

correct time series. I.e., they had missing values in their time series of fixed assets and sales. 

Especially, missing values for R&D expenses erased many observations. Only firms with 

correct time series were included. 

3. Negative values were registered which is obvious intolerable. Firms with negative values 

and/or no sales were excluded in the sample. 

4. Sales, fixed assets and R&D expenses displayed log-normal distributions and consequently, 

the variables logarithm were obtained and inserted in the sample. This approach seemed 

attractive as it mitigated considerable outlines in the sample.  

5. Furthermore, following variables were cleaned as their values from ORBIS were not 

feasible for regression use. 1) Age of firm, 2) Status 3) Delisted comments 

6. The asset-to-sales ratio cannot be calculated with a zero value. Consequently, firms with 

zero fixed assets were excluded in the sample 

Mainly the preparation, use and application of 5 variables have to be elaborated.  
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Technical dexription of data input from ORBIS Link to variable name used in paper #1Link to variable name used in paper #2

Company name - -

Trade description (English) - -

Trade description (English) - -

Category of the company - -

Operating revenue (Turnover) (last year)
th USD
Last avail. yr - -

Country
ISO
Code Geographical dummy -

Number of employees (last value) - -

BvD Indep. Indic. Vertical integration dummy -

GUO - Name - -

BvD major sector Industry dummy -

Status Bankrupt dummy -

Listed/Delisted/Unlisted - -

Delisted comment Bankrupt dummy -

Date of
incorporation Age dummy -

Status date - -

Number of
available years - -

Last
avail.
year - -

BvD ID number - -

Fixed assets
th LCU
2012 Asset-to-sales ratio -

Fixed assets
th LCU
2011 Asset-to-sales ratio -

Fixed assets
th LCU
2010 Asset-to-sales ratio -

Fixed assets
th LCU
2009 Asset-to-sales ratio -

Fixed assets
th LCU
2008 Asset-to-sales ratio -

Fixed assets
th LCU
2007 Asset-to-sales ratio -

Fixed assets
th LCU
2006 Asset-to-sales ratio -

Fixed assets
th LCU
2005 Asset-to-sales ratio -

Fixed assets
th LCU
2004 Asset-to-sales ratio -

Fixed assets
th LCU
2003 Asset-to-sales ratio -

Sales
th LCU
2012 Asset-to-sales ratio Output

Sales
th LCU
2011 Asset-to-sales ratio Output

Sales
th LCU
2010 Asset-to-sales ratio Output

Sales
th LCU
2009 Asset-to-sales ratio Output

Sales
th LCU
2008 Asset-to-sales ratio Output

Sales
th LCU
2007 Asset-to-sales ratio Output

Sales
th LCU
2006 Asset-to-sales ratio Output

Sales
th LCU
2005 Asset-to-sales ratio Output

Sales
th LCU
2004 Asset-to-sales ratio Output

Sales
th LCU
2003 Asset-to-sales ratio Output

Sales
th USD
2012 Size variable -

Sales
th USD
2011 Size variable -

Sales
th USD
2010 Size variable -

Sales
th USD
2009 Size variable -

Sales
th USD
2008 Size variable -

Sales
th USD
2007 Size variable -

Sales
th USD
2006 Size variable -

Sales
th USD
2005 Size variable -

Sales
th USD
2004 Size variable -

Sales
th USD
2003 Size variable -

Research & Development expenses
th USD
2012 R&D calculated as long run average -

Research & Development expenses
th USD
2011 R&D calculated as long run average -

Research & Development expenses
th USD
2010 R&D calculated as long run average -

Research & Development expenses
th USD
2009 R&D calculated as long run average -

Research & Development expenses
th USD
2008 R&D calculated as long run average -

Research & Development expenses
th USD
2007 R&D calculated as long run average -

Research & Development expenses
th USD
2006 R&D calculated as long run average -

Research & Development expenses
th USD
2005 R&D calculated as long run average -

Research & Development expenses
th USD
2004 R&D calculated as long run average -

Research & Development expenses
th USD
2003 R&D calculated as long run average -
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Appendix C Testing change for first order autocorrelation with and without trend 

 
  

Data input

Year t

Change, Southern 

america Change, Oceania Change, Asia

Change, Nothern 

america Change, Europe Change, Africa Change, Average

2000 1 0,051 0,049 0,087 0,054 0,056 0,054 0,058

2001 2 0,101 0,092 0,132 0,103 0,087 0,118 0,105

2002 3 0,137 0,066 0,071 0,075 0,075 0,074 0,083

2003 4 0,120 0,122 0,086 0,102 0,104 0,135 0,112

2004 5 0,071 0,078 0,061 0,080 0,058 0,085 0,072

2005 6 0,112 0,117 0,087 0,099 0,098 0,128 0,107

2006 7 0,085 0,104 0,105 0,081 0,090 0,137 0,100

2007 8 0,090 0,104 0,084 0,090 0,084 0,114 0,095

2008 9 0,222 0,281 0,192 0,248 0,210 0,285 0,240

2009 10 0,147 0,169 0,138 0,142 0,166 0,165 0,155

2010 11 0,085 0,108 0,079 0,094 0,114 0,107 0,098

2011 12 0,076 0,085 0,082 0,075 0,097 0,091 0,084

2012 13 0,068 0,065 0,062 0,053 0,117 0,069 0,072

Calculating first order autocorrelation for change, without detrending

First order autocorrelation for change using following formula (Wooldridge, 2009: p. 394):

ρ1 = corr(γt , γt -1 )

Sample first order autocorrelation 0,176083339 0,269622485 0,149273145 0,203431795 0,345670766 0,161634936 0,210317907

Calculating first order autocorrelation for change, with detrending

Detrending using following formula (Wooldridge, 2009: p. 360-362):

γt  = α0 + α1t  + еt, t  = 1,2,….

Where,

yt  = change, 

α0 = the intercept 

α1 = the parameter defines the linear time trend.

еt  = all other factors contained in change

t = time

Here, following regression model may be more attractive as this explicitly eliminates spurios regression problem (Wooldridge, 2009: p 363)

γt  = β0 + β1xt1 + β2xt2 + β3t + ut     

Where, controlling for trend is incorporated in β3t . However, spurios regression is not an issue in equation 5.1, as the explanatory 

variable, change, cannot theoretically be trending. Consequently, detrending is used with the first formula above. Notice then, that change 

is only detrended here for the purpose of exemplifying. Hence, it is output for every firm which is detrended 

Intercept α0 in change = 0,100071938 0,0813224 0,09569634 0,085234058 0,063752173 0,098122022 0,087366488

Linear time trend α1 in change = 0,00071561 0,004209149 0,000261355 0,002073287 0,005772873 0,003149446 0,002696953

Detrended change index

2000 -0,05 -0,04 -0,01 -0,03 -0,01 -0,05 -0,03

2001 0,00 0,00 0,04 0,01 0,01 0,01 0,01

2002 0,04 -0,03 -0,02 -0,02 -0,01 -0,03 -0,01

2003 0,02 0,02 -0,01 0,01 0,02 0,02 0,01

2004 -0,03 -0,02 -0,04 -0,02 -0,03 -0,03 -0,03

2005 0,01 0,01 -0,01 0,00 0,00 0,01 0,00

2006 -0,02 -0,01 0,01 -0,02 -0,01 0,02 -0,01

2007 -0,02 -0,01 -0,01 -0,01 -0,03 -0,01 -0,01

2008 0,12 0,16 0,09 0,14 0,09 0,16 0,13

2009 0,04 0,05 0,04 0,04 0,04 0,04 0,04

2010 -0,02 -0,02 -0,02 -0,01 -0,01 -0,03 -0,02

2011 -0,03 -0,05 -0,02 -0,04 -0,04 -0,04 -0,04

2012 -0,04 -0,07 -0,04 -0,06 -0,02 -0,07 -0,05

Sample first order autocorrelation after detrending 0,174784991 0,199448023 0,146096453 0,174822872 0,125003581 0,117766612 0,163138868
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Appendix D Discription of BvD indendepnde indicator 

 

BvDEP Independence Indicator  

 

To assist users in identifying independent companies on our products, BvDEP has created an 
Independence Indicator to characterise the degree of independence of a company with regard to its 

shareholders. This BvDEP Independence Indicator is assigned to each company according to the 
logic defined below. First note that the categories of shareholders collectively labelled by the 

sources are disregarded in the considerations below (since they are considered as unable to exert a 
controlling power over a company). They include:  
• Public (used only for quoted companies)  

• Unnamed private shareholders, aggregated (more than one unnamed individual or family, labelled 
such as "Private shareholders", "Individual investors", "Other individuals", etc.)  

• Other unnamed shareholders, aggregated (more than one unnamed shareholder containing a 
mixture of companies or of companies and individuals or families).  
 

Indicator A 

Definition: Attached to any company with known recorded shareholders (excluding the 3 

"collective" types indicated above) none of which having more than 25% of direct or total 
ownership. 
 

Indicator B 

Definition: Attached to any company with a known recorded shareholder (excluding the 3 

"collective" types mentioned above) none of which with an ownership percentage (direct, total or 
calculated total) over 50%, but having one or more shareholders with an ownership percentage 
above 25%. 

 

Indicator C 

Definition: Attached to any company with a recorded shareholder (excluding the 3 "collective" 
types mentioned above) with a total or a calculated total ownership over 50%. The qualification C+ 
is attributed to C companies in which the summation of direct ownership percentage (all categories 

of shareholders included) is 50.01% or higher. Indeed, this means that the company surely does not 
qualify under Independent Indicator D (since it cannot have an unknown direct shareholder with 

50.01% or higher). The C indicator is also given to a company when a source indicates that the 
company has an ultimate owner, even though its percentage of ownership is unknown. 
 

Indicator D 

Definition: This is allocated to any company with a recorded shareholder (excluding the 3 

"collective" types mentioned above) with a direct ownership of over 50%. 
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Appendix E Testing for serial correlation  

 
  

Firm name CALSONIC KANSEI CORPORATION

Country Japan

Continent Asia

Year

Detrended 

standardized 

output Change t Change t-1
Predicted Residuals Residuals t-1

2012 - - -

2011 0,51 0,08 0,08 0,39 0,12 0,14

2010 0,15 0,08 0,14 0,00 0,14 -0,55

2009 -1,66 0,14 0,19 -1,12 -0,55 0,23

2008 -0,76 0,19 0,08 -0,99 0,23 1,71

2007 1,89 0,08 0,11 0,18 1,71 -0,04

2006 0,02 0,11 0,09 0,06 -0,04 -0,08

2005 0,39 0,09 0,06 0,47 -0,08 -0,37

2004 0,23 0,06 0,09 0,60 -0,37 -1,17

2003 -0,77 0,09 0,07 0,40 -1,17 -

Durbin´s alternative test for serial correlation

Null hypothesis is that there is no serial correlation in the errors

Run regression of residualt on change, changet-1 and residualst-1, for all t =2, …, n (Wooldridge, 2009: p. 416)

Coefficient on residualst-1 = 1,514608562

t = 1,712121588

p-value = 0,162037662

We cannot reject null hypothesis at the 5% significance level and thus no evidence for first order serial correlation
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Appendix F Testing for heteroskedasticity 

 
  

Firm name CALSONIC KANSEI CORPORATION

Country Japan

Change index Asia

Year

Detrended 

standardized 

output Change t Change t-1 Predicted Residuals Residuals 2

2012 - - -

2011 0,51 0,08 0,08 0,39 0,12 0,01

2010 0,15 0,08 0,14 0,00 0,14 0,02

2009 -1,66 0,14 0,19 -1,12 -0,55 0,30

2008 -0,76 0,19 0,08 -0,99 0,23 0,06

2007 1,89 0,08 0,11 0,18 1,71 2,93

2006 0,02 0,11 0,09 0,06 -0,04 0,00

2005 0,39 0,09 0,06 0,47 -0,08 0,01

2004 0,23 0,06 0,09 0,60 -0,37 0,14

2003 -0,77 0,09 0,07 0,40 -1,17 1,37

Breusch-Pagan test for heteroskedasticity

Null hypothesis is that there is homoskedasticity

Run regression of residual2
 on change, changet-1 (Wooldridge, 2009: p. 273)

R-squared from regression = 0,039828213

F-test = 0,039828 2 0,01991411

0,960172 6 0,16002863

where k is number of independent variables and n is number of observations 0,1244409

F-test = 

F-test = 0,124440897

P-value = 0,8852122

We cannot reject null hypothesis at the 5% significance level and thus no evidence for heteroskedasticity
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Appendix G Standardized residuals and Cook´s D in model 3. 

   

Observations nr. Predicted_FDL 1 Change t-1 residual_FDL 1 Change t-1 student_FDL 1 Change t-1 cookd_FDL 1 Change t-1 Nr. Observations nr. Predicted_FDL 1 Change t-1 residual_FDL 1 Change t-1 student_FDL 1 Change t-1 cookd_FDL 1 Change t-1

63 -6.058.618.236 16.214.256.998 22.775.192.185 0,00351347 145 8864 -4.679.774.425 16.678.182.203 23.383.693.752 0,000299144

126 -5.380.604.307 -1.474.158.157 -2.068.429.393 0,001456203 146 8938 -438.953.052 18.552.646.822 26.012.471.133 0,000204133

129 -5.990.348.287 17.697.251.227 24.836.960.708 0,002255217 147 9040 -4.324.827.607 14.958.695.878 20.970.051.561 0,000163276

135 -5.680.038.293 21.894.483.005 30.734.909.487 0,003417713 148 9135 -3.530.352.429 14.328.613.744 20.094.434.899 0,000701223

176 -7.656.281.076 14.496.881.808 20.329.465.022 0,000643321 149 9257 -4.179.418.248 16.198.536.667 22.713.840.992 0,000522578

205 -6.568.200.601 15.686.242.106 22.004.586.351 0,001197202 150 9305 -4.494.967.235 15.441.935.399 2.164.826.637 0,000195513

208 -7.388.721.101 19.706.099.722 27.654.989.768 0,00238909 151 9320 -2.022.820.032 1.808.669.838 25.418.442.499 0,005282039

211 -7.694.390.381 19.852.436.156 27.852.319.739 0,00165528 152 9343 -3.513.443.816 20.977.780.274 29.419.691.105 0,000525588

232 -7.828.998.428 18.581.572.036 26.064.744.737 0,001218261 153 9395 -4.123.509.893 -1.494.586.919 -209.519.148 0,000152992

235 -6.785.092.709 15.922.647.323 22.333.337.506 0,001000267 154 9497 -2.611.819.861 14.709.962.212 20.636.432.852 0,001210902

250 -7.745.129.186 23.554.471.536 33.078.141.166 0,004971898 155 9559 -3.713.465.109 18.129.455.866 25.419.563.373 0,000282937

269 -6.240.846.806 14.470.249.263 20.294.529.045 0,000805865 156 9608 -4.231.765.779 14.841.185.377 20.809.200.793 0,000437568

307 -7.871.413.137 16.633.867.242 2.332.981.659 0,00094333 157 9632 -4.016.573.051 17.034.753.958 23.882.806.685 0,00021239

347 -5.255.163.586 14.494.832.968 20.335.758.646 0,001265527 158 9676 -3.102.567.326 -1.428.948.615 -2.003.273.046 0,000243232

362 -7.687.299.737 1.529.591.394 21.454.936.762 0,001016122 159 9811 -4.695.272.555 15.362.177.798 21.540.014.994 0,00045485

375 -6.734.747.719 16.407.648.337 23.015.423.693 0,001159731 160 9882 -4.379.253.721 15.992.923.584 2.242.213.908 0,000273032

387 -7.487.774.984 16.214.307.764 22.745.788.627 0,001268124 161 9892 -4.526.619.328 15.416.561.711 21.615.317.022 0,000385545

450 -6.734.028.024 19.269.437.785 27.057.121.474 0,003697397 162 9921 -3.758.113.196 1.705.275.111 23.910.831.321 0,000433429

471 -5.816.665.018 16.070.272.791 22.538.704.567 0,000879371 163 9924 -3.594.787.574 17.698.310.734 24.823.026.953 0,000977222

494 -7.611.279.937 15.915.115.505 22.330.721.967 0,001592516 164 9951 -4.044.237.187 1.706.406.207 2.392.523.253 0,000316655

606 -4.240.368.026 -1.571.345.289 -2.204.456.791 0,001332526 165 10095 -4.636.488.409 1.906.551.001 26.734.257.832 0,000387044

668 -58.771.875 15.760.442.777 22.100.781.922 0,000620717 166 10165 -3.750.155.253 14.742.122.127 2.066.757.658 0,000250339

669 -6.270.415.238 15.947.979.814 22.373.360.038 0,00133677 167 10250 -3.203.837.107 15.193.453.004 21.302.128.252 0,000363695

715 -7.175.761.033 15.543.385.355 21.798.014.299 0,000737092 168 10312 -3.944.005.745 19.041.381.222 26.700.931.637 0,000434511

743 -5.116.232.926 19.568.721.411 27.447.348.942 0,001016912 169 10320 -5.012.174.668 14.307.239.475 20.062.120.376 0,00054381

779 -7.141.591.135 14.523.187.453 2.036.264.952 0,000392478 170 10324 -3.883.527.593 18.006.652.236 25.258.337.514 0,001215464

782 -7.044.981.285 17.394.416.564 24.392.860.032 0,000655932 171 10374 -332.277.318 -1.475.390.839 -206.831.015 0,000181172

786 -7.203.132.768 16.303.090.953 22.860.478.847 0,000522701 172 10399 -3.645.946.277 -152.969.356 -2.145.121.526 0,000647237

903 -6.969.494.649 15.589.371.885 21.858.265.539 0,000428989 173 10519 -421.249.728 -151.094.392 -2.118.200.868 0,00020119

1062 -7.163.002.891 22.821.758.121 32.015.465.039 0,001243035 174 10537 -3.842.505.702 18.030.308.141 25.289.917.126 0,001080721

1087 -7.095.400.032 18.027.409.209 25.282.281.972 0,000779933 175 10587 -2.794.275.233 -1.545.329.483 -2.166.674.583 0,000379352

1299 -4.478.381.608 14.461.232.315 20.287.362.272 0,001176559 176 10680 -3.310.350.485 23.036.919.009 32.313.096.216 0,000762409

1325 -5.205.696.102 16.579.532.673 23.249.649.925 0,000635122 177 10697 -3.082.887.611 -145.978.453 -2.046.657.087 0,000340444

1351 -6.513.150.679 21.949.076.315 30.784.798.135 0,000677779 178 10710 -4.721.121.438 20.981.410.072 29.462.790.567 0,0042585

1399 -6.398.372.042 17.368.811.289 24.377.686.377 0,002343023 179 10750 -4.889.746.695 14.847.395.745 20.818.964.637 0,000510832

1442 -6.305.096.607 22.900.145.126 32.128.932.123 0,001607485 180 10783 -3.070.161.197 15.858.491.128 22.234.719.445 0,000357272

1470 -6.861.213.818 15.240.681.586 21.372.361.887 0,00064878 181 10792 -366.122.197 21.954.735.904 30.805.666.334 0,002003007

1556 -3.595.443.566 19.511.954.506 27.380.013.535 0,002140926 182 10804 -4.132.289.406 14.854.442.848 20.824.275.315 0,000193615

1568 -7.098.374.329 17.193.335.405 24.113.662.907 0,000885195 183 11018 -3.504.908.028 18.160.519.601 25.476.276.174 0,001397

1575 -5.586.191.364 21.621.787.758 30.337.851.654 0,001945331 184 11058 -5.520.037.155 1.460.607.476 20.482.282.096 0,000625291

1620 -6.887.705.783 15.046.428.981 21.099.085.512 0,000584236 185 11300 -3.803.314.904 -1.591.206.802 -2.230.766.275 0,000193782

1805 -6.523.568.428 19.279.936.651 27.048.839.697 0,001618468 186 11325 -2.074.817.547 -1.693.093.157 -2.374.440.762 0,000786166

1862 -5.860.938.255 1.463.862.174 20.525.160.374 0,000436954 187 11373 -4.081.057.481 16.032.580.197 22.477.407.569 0,000246435

1897 -4.436.525.365 14.912.882.072 20.913.922.679 0,000729584 188 11398 -2.532.247.298 -1.517.051.867 -2.127.085.585 0,000426772

2037 -5.889.623.944 23.336.475.419 3.275.529.943 0,003109133 189 11548 -3.134.153.537 -1.531.492.796 -2.147.764.614 0,00073342

2040 -5.989.191.619 1.772.578.412 24.858.263.766 0,000704096 190 11565 -2.642.860.847 14.324.623.291 20.088.131.782 0,000653686

2138 -5.764.796.981 14.920.604.419 20.928.200.895 0,000970643 191 11575 -4.297.993.646 -1.478.280.259 -2.072.421.088 0,000221694

2361 -4.235.792.082 18.639.012.593 26.143.967.516 0,001100751 192 11695 -4.009.935.126 14.360.107.284 20.130.083.151 0,000130682

2436 -5.330.520.173 14.956.562.769 209.823.622 0,001233903 193 11715 -2.718.839.882 17.806.237.204 24.976.605.526 0,001160726

2695 -700.421.182 17.712.517.065 24.841.996.061 0,000898039 194 11744 -4.696.679.471 16.467.457.261 23.099.275.776 0,00115956

2768 -5.572.298.874 14.458.270.193 20.268.830.185 0,000203712 195 11846 -5.412.017.521 17.198.548.935 24.120.606.106 0,000855551

2780 -6.991.624.093 18.506.368.857 25.955.176.776 0,000864993 196 11871 -3.059.719.018 17.067.034.294 23.930.115.303 0,000373492

2812 -5.789.123.044 14.700.582.797 20.622.947.555 0,00118742 197 11980 -3.678.393.477 14.618.474.111 2.050.039.815 0,000675387

2862 -3.605.246.713 16.502.278.938 23.149.206.125 0,0012452 198 11993 -2.787.490.323 19.220.941.963 26.958.951.852 0,000976868

2937 -4.960.285.992 16.742.670.805 23.486.926.437 0,001298786 199 11994 -3.042.434.765 18.665.822.646 26.175.706.836 0,000588849

3065 -4.729.015.662 16.088.547.834 22.557.445.812 0,000361712 200 11996 -3.908.281.518 16.639.134.338 2.333.165.564 0,000511855

3166 -5.745.220.525 22.880.689.023 32.093.252.482 0,000713987 201 12075 -3.884.492.917 16.013.327.089 22.450.679.678 0,000267198

3191 -356.866.839 16.074.659.334 2.254.460.974 0,000860916 202 12081 -3.470.361.361 14.918.210.998 20.914.771.729 0,000267783

3213 -4.728.764.339 19.235.189.633 26.972.843.499 0,000429033 203 12104 -4.117.779.686 17.603.886.554 24.683.658.755 0,00040682

3228 -6.741.409.828 27.464.319.783 38.541.381.541 0,001735064 204 12154 -359.917.064 18.039.670.232 2.530.089.415 0,00089903

3348 -6.450.639.206 21.467.569.208 30.111.246.354 0,000922987 205 12360 -3.989.955.792 15.505.042.705 21.736.322.686 0,000162449

3374 -6.096.409.657 14.338.099.909 20.101.090.562 0,000255954 206 12424 -4.081.227.393 1.533.454.189 21.498.209.319 0,000236254

3388 -6.464.193.688 17.354.150.743 24.337.568.399 0,000752344 207 12589 -2.859.219.563 15.455.413.082 21.667.838.496 0,000243773

3408 -597.873.131 18.123.077.001 25.410.962.248 0,000312485 208 12631 -2.751.490.412 15.138.640.292 21.230.743.041 0,000751684

3459 -4.552.745.785 14.453.104.068 20.265.028.559 0,000436234 209 12674 -3.969.830.464 -1.455.513.556 -2.040.753.072 0,000398206

3464 -6.571.706.098 18.026.048.516 25.278.002.268 0,000580254 210 12769 -3.361.057.028 16.544.704.371 23.198.254.961 0,000438072

3479 -5.507.532.713 19.875.062.351 2.787.063.036 0,000408057 211 12842 -4.233.563.601 17.160.996.797 24.061.882.764 0,000369869

3540 -385.472.363 17.625.018.064 24.717.836.983 0,000780007 212 13114 -2.670.098.336 -1.907.267.003 -2.674.607.159 0,000544284

3600 -5.709.403.965 15.289.211.951 21.449.874.931 0,001326453 213 13133 -2.733.068.925 19.712.464.379 27.643.846.358 0,000538937

3684 -5.301.205.799 17.736.032.156 24.867.831.433 0,000305831 214 13148 -3.043.393.885 16.764.809.884 23.509.031.704 0,000598161

3835 -5.290.317.842 15.700.922.379 2.201.169.465 0,000208178 215 13380 -3.883.442.957 15.746.725.282 22.077.036.871 0,000288916

3998 -4.958.308.816 20.661.986.843 28.976.644.356 0,000548923 216 13485 -4.909.748.571 15.401.559.487 21.602.934.446 0,00100909

4009 -4.238.529.531 -167.104.224 -2.342.870.469 0,000282384 217 13527 -3.358.262.286 14.494.445.888 20.320.423.378 0,00026207

4112 -4.816.279.319 18.240.685.419 25.589.301.991 0,001448042 218 13589 -3.529.961.448 16.513.477.738 23.152.929.658 0,000320374

4163 -4.365.496.869 14.649.217.675 20.537.528.312 0,000266557 219 13593 -4.119.253.492 16.055.133.697 22.521.579.705 0,001187636

4194 -4.351.159.054 15.022.090.797 21.063.353.063 0,000471347 220 13661 -1.722.507.948 -1.475.051.752 -2.072.379.065 0,003328737

4318 -3.362.585.103 17.237.650.132 24.174.981.569 0,000818153 221 13731 -1.899.006.281 17.368.163.247 24.358.959.331 0,000893358

4345 -5.105.821.993 17.062.108.022 23.923.015.123 0,000358389 222 13744 -3.292.454.981 15.839.699.974 22.208.383.263 0,00035867

4363 -5.603.116.244 14.824.743.323 20.786.140.553 0,000437216 223 13763 -3.085.649.618 -1.663.405.591 -2.332.318.946 0,00040748

4365 -5.235.233.776 20.825.727.479 29.220.554.788 0,001917863 224 13772 -2.524.552.374 15.147.584.871 21.239.360.624 0,000473834

4377 -5.678.870.844 17.697.806.023 24.815.444.425 0,000408707 225 13904 -3.943.502.945 17.377.584.549 24.364.822.709 0,000296594

4640 -554.515.796 19.483.128.403 27.324.311.459 0,000749045 226 14179 -254.732.672 14.406.937.022 20.198.150.715 0,000291706

4671 -5.597.867.749 17.201.550.391 24.119.403.857 0,000420544 227 14228 -3.820.411.781 20.778.743.545 29.140.817.607 0,000576374

4676 -3.569.296.366 15.034.029.614 2.108.023.332 0,000481141 228 14279 -3.098.302.505 14.916.935.375 2.091.360.068 0,000310838

4899 -5.825.018.014 16.428.269.986 23.033.689.102 0,000341915 229 14318 -330.130.347 -1.840.118.926 -2.580.171.405 0,000356966

4934 -5.356.767.849 17.836.324.321 25.047.644.279 0,003574083 230 14327 -2.942.070.027 -1.638.948.519 -2.297.928.931 0,000342113

4954 -3.942.323.783 14.473.239.007 20.291.404.477 0,00031072 231 14498 -2.449.719.438 -1.441.929.673 -2.021.810.109 0,000468196

5058 -3.803.492.678 17.549.565.906 24.609.197.672 0,000549947 232 14525 -3.077.811.427 17.524.866.877 24.571.374.926 0,000290125

5069 -511.956.869 -1.451.545.402 -2.035.145.626 0,00036876 233 14589 -2.321.116.931 18.778.390.778 26.334.368.528 0,000651737

5092 -4.699.491.955 22.737.533.014 31.890.894.339 0,000572755 234 14695 -3.115.740.456 -1.647.297.189 -2.309.577.403 0,000294399

5139 -4.734.273.078 17.940.902.077 2.515.768.209 0,000507539 235 14734 -2.498.803.897 15.413.302.647 21.611.378.347 0,000431049

5178 -5.894.712.626 22.002.550.519 30.865.858.623 0,001292291 236 14780 -4.201.195.175 -1.535.452.698 -2.152.831.777 0,000385373

5195 -4.432.293.655 16.930.692.066 23.736.906.766 0,000219456 237 14903 -321.571.756 15.806.749.386 22.162.927.476 0,000414645

5334 -4.170.510.034 14.358.890.693 20.138.857.171 0,000834264 238 14922 -3.468.757.096 16.009.682.911 22.447.444.379 0,000407493

5395 -4.839.944.355 14.462.040.312 20.273.666.018 0,000173237 239 15071 -1.825.152.105 1.963.907.072 27.545.876.009 0,001000311

5470 -4.628.837.825 14.670.428.434 20.566.981.522 0,000246591 240 15162 -283.090.295 1.958.053.775 27.458.590.155 0,00052871

5507 -5.706.232.985 22.567.339.489 31.653.208.318 0,000710631 241 15166 -3.971.327.957 15.593.004.821 2.186.703.025 0,000696491

5535 -3.700.004.227 -1.444.208.136 -2.025.272.534 0,000649099 242 15478 -2.446.437.908 -1.445.760.283 -2.026.916.187 0,000289318

5626 -4.426.214.418 19.351.678.338 27.137.036.003 0,000493867 243 15492 -2.711.411.478 14.967.403.311 20.984.745.012 0,000336739

5811 -5.516.399.848 19.628.463.293 27.543.213.581 0,002122426 244 15586 -417.904.151 17.444.799.167 24.465.919.918 0,000850652

5839 -2.683.761.005 14.433.556.086 20.251.216.624 0,001355137 245 15699 -3.877.168.512 22.168.122.874 31.095.124.404 0,000965227

5884 -42.148.864 15.544.822.959 21.792.949.947 0,00022274 246 15732 -3.385.714.143 15.671.879.219 21.974.061.063 0,000435313

6032 -4.908.373.575 -1.761.206.465 -246.948.638 0,000384764 247 15977 -2.998.457.099 -1.426.534.779 -2.000.231.436 0,00047207

6041 -5.295.107.352 15.513.078.478 21.748.531.211 0,000230351 248 15997 -2.827.397.327 15.885.340.394 22.275.703.661 0,000604261

6094 -5.225.281.318 16.854.168.599 23.629.173.218 0,000189547 249 16086 -3.407.989.831 17.753.096.149 24.908.175.015 0,001667438

6127 -3.324.138.309 17.581.552.518 24.658.935.433 0,000949823 250 16118 -2.779.023.563 -1.426.883.262 -2.000.391.878 0,000253246

6132 -4.116.704.444 15.317.036.447 2.150.743.616 0,002662006 251 16510 -243.484.319 -1.662.390.922 -2.331.307.196 0,000727146

6203 -5.438.673.217 14.414.788.447 20.207.877.289 0,000205305 252 16613 -3.800.463.558 25.241.756.829 35.412.384.634 0,001025543

6300 -5.243.443.773 14.962.711.376 20.975.945.908 0,000181624 253 16708 -3.647.064.794 14.756.355.327 20.693.637.894 0,000671178

6304 -4.999.943.814 16.280.427.781 22.830.673.521 0,000673348 254 16727 -3.561.222.281 16.128.179.558 22.616.691.125 0,000637431

6357 -43.992.412 17.095.344.801 23.971.717.651 0,000524245 255 16732 -3.218.888.845 15.077.421.153 21.138.787.566 0,000319778

6413 -4.855.438.986 15.804.467.536 22.158.292.355 0,000308708 256 16735 -3.137.740.379 15.959.805.572 22.378.267.759 0,000465444

6737 -4.555.075.524 21.040.847.613 29.506.036.212 0,000310812 257 16921 -2.663.067.282 16.984.578.379 23.818.891.751 0,000726274

6768 -5.653.500.515 18.068.752.955 25.338.818.949 0,000656695 258 17228 -2.137.890.829 14.376.763.133 20.157.996.063 0,000436606

6799 -5.992.737.331 14.280.278.928 20.019.641.687 0,000231376 259 17305 -2.479.212.917 16.901.501.046 23.699.106.797 0,00046821

6804 -4.477.612.053 15.134.771.719 21.226.995.371 0,00087038 260 17355 -367.859.818 19.385.002.514 2.718.511.675 0,000612945

6824 -3.029.742.675 1.698.659.671 23.820.161.861 0,000602376 261 17768 -2.765.594.061 16.453.475.336 23.076.709.539 0,000931429

6851 -5.410.980.659 15.648.832.209 21.943.833.374 0,000588446 262 17905 -2.638.580.671 19.096.322.121 26.780.272.241 0,000634466

6880 -5.462.283.992 21.638.208.604 3.034.702.006 0,000542908 263 17911 -2.335.127.305 14.532.846.782 20.375.244.352 0,000328011

7034 -5.142.807.955 18.207.446.339 25.529.101.317 0,000291926 264 18043 -2.301.921.742 -1.497.115.896 -2.099.203.462 0,000478271

7098 -4.473.659.468 16.557.894.001 23.227.669.466 0,001283267 265 18053 -1.631.017.394 20.143.833.202 2.825.428.517 0,001011757

7191 -2.672.863.396 1.771.924.888 24.856.072.849 0,001282141 266 18173 -1.185.717.592 17.166.890.975 24.079.319.672 0,001105546

7323 -4.202.965.733 16.938.006.414 23.760.126.102 0,001245438 267 18279 -1.681.726.535 20.454.853.191 28.702.501.467 0,002135883

7337 -3.559.442.747 15.334.597.595 21.506.154.352 0,00080015 268 18630 -1.788.727.686 14.848.708.724 20.825.037.813 0,000804775

7354 -4.484.758.643 -1.475.282.789 -2.068.127.507 0,00015974 269 18634 -1.067.025.454 17.850.064.835 25.065.356.046 0,003445017

7452 -4.084.209.868 16.090.285.203 22.558.154.146 0,000231829 270 18765 -1.526.005.688 14.923.864.816 20.928.173.502 0,000649551

7468 -2.914.338.019 -1.518.135.166 -212.896.015 0,000679057 271 18801 -3.293.223.479 15.420.423.772 21.623.212.856 0,000564252

7469 -3.266.581.465 16.866.778.328 23.653.054.618 0,000677313 272 18907 -1.425.351.364 14.415.254.152 20.219.001.235 0,000911203

7660 -4.756.464.732 17.622.858.807 24.720.327.442 0,001234859 273 19190 -1.661.162.981 14.804.896.347 20.760.941.322 0,00061928

7711 -3.572.120.904 16.518.081.953 23.162.728.003 0,000578103 274 19706 -1.379.283.836 -1.565.842.444 -219.578.532 0,000630089

7793 -5.194.613.241 14.914.952.514 20.909.222.066 0,000199516 275 19799 0 -1.544.744.355 -2.167.560.541 0,00161343

7799 -5.382.092.112 20.929.110.124 29.350.603.446 0,000450779 276 19878 -2.417.978.905 17.044.373.914 2.390.426.733 0,0008466

7908 -5.050.431.127 15.412.032.658 21.606.676.208 0,000220739 277 20256 -2.041.717.864 17.570.304.528 24.642.210.318 0,000871835

7987 -2.697.434.843 -1.787.012.985 -250.637.818 0,000957498 278 20328 -1.116.040.233 16.425.264.602 23.038.213.509 0,001013004

8000 -4.277.799.997 16.677.128.771 2.339.174.938 0,00104229 279 21314 -2.838.455.229 16.778.722.211 23.526.288.893 0,00042133

8026 -5.333.610.096 15.017.385.437 2.106.728.397 0,001211331 280 21331 -1.940.388.435 1.667.169.539 23.379.968.137 0,000717729

8062 -3.640.840.581 14.648.558.393 2.054.090.607 0,000561113 281 21720 -1.428.308.318 16.071.719.737 22.544.827.477 0,001187328

8235 -5.154.375.032 16.358.853.134 22.935.467.142 0,000276744 282 21875 0 16.138.464.181 22.653.126.623 0,002302159

8327 -4.925.739.461 14.646.673.213 20.534.732.548 0,000319411 283 21882 -1.658.869.422 15.183.050.528 21.338.718.036 0,004016022

8330 -5.279.236.364 24.618.332.091 34.534.466.991 0,000783433 284 22774 -2.611.556.474 14.398.310.359 20.196.400.207 0,000988595

8336 -4.572.004.416 15.550.969.026 2.180.221.288 0,00026941 285 23750 13.292.013.191 1.437.175.368 2.018.569.672 0,002779545

8545 -4.751.721.901 18.072.911.614 25.340.523.374 0,00030816 286 23750 13.292.013.191 1.437.175.368 2.018.569.672 0,002779545

8644 -4.253.310.715 21.186.921.011 29.714.984.282 0,000693683

8678 -3.257.294.792 15.910.293.973 22.306.317.661 0,000278723
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Appendix G Model 3 without significant outliners. 
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Appendix H Correlation matrix between all of the variables. 

 
  

Mean St.div. 1 2 3 4 5

Sensitivity -4,4922 7,32246 1

Asset-to-sales LN -0,7612 1,036184 0,029458 1

R&D variable LN 7,545729 3,525455 -0,10539 0,105247 1

Size variable LN 12,10473 2,276973 -0,19419 0,005318 0,486106 1

Age LN 3,421126 0,71882 -0,17392 0,026263 0,205616 0,405841 1
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Appendix I Controlling for stability in asset-to-sales ratio 

The stability of the asset-to-sales ratio for firm i is simply calculated as  
 

Herafter this control variable were inserted in model 2 and model 3 presented in table 6.4.  
Model 2 

 
Model 3 

 
Here, other estimations of stability were also tested for, but these did not produce different results. 

These include  
 

 

 


