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Abstract 

Authors have investigated the professionalization of business process management in case studies 
and concepts, such as an increased business process orientation, have been claimed to positively 
affect business performance. Less is however investigated about the quantitative relation between 
a process’ maturity (as defined by the Capability Maturity Model) and overall business 
performance. Even less is known what role the innovativeness of an organization plays into this 
relation. This study empirically investigated 120 German and Dutch manufacturing and R&D 
firms as to how and to what extend the process’ maturity affected business performance and 
what other factors play a role, using Partial Least Squares (PLS) Modeling. Other variables such 
as the company’s size, its total years of existence and its country of origin were also included in 
the model. We hypothesized positive relations between a process maturity and performance, age 
of a firm and process maturity and size of a firm and process maturity. Furthermore, we 
hypothesized a negative relation between a firm’s innovativeness and its process maturity and we 
expected that German firms would have more mature processes than Dutch firms. Hypothesized 
relations were tested for significance using the nonparametric Bootstrapping procedure and T-
tests. The results show that higher process maturity levels contribute positively to overall 
performance and that innovative firms perform better overall. The latter result is highly 
interesting, since literature showed a negative relation between innovativeness and process 
maturity. Furthermore, we found that innovativeness of a company and its total years of 
existence are related positively to its process maturity. We found no significant differences 
between German and Dutch organizations regarding process maturities. This study makes a 
substantial contribution to the existing literature, in the sense that we provide sound quantitative 
cross-country evidence that investing in process maturity benefits performance and that we 
integrally have investigated the role of other extraneous factors (innovativeness, size and age of 
an organization). 
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Concise Summary 

This master thesis integrally examined the relation between the business process maturity level, 
the degree of innovativeness, size and age for 120 German and Dutch organizations.  

Processes can be classified in terms of ‘maturity’ levels, which we defined as:  

“the stage of advancement and professionalization by which a business process is managed, which includes process 
mapping (modeling), documenting, process orientation, the use of business process management techniques and a 
cycle of continuous process improvement and to which extend these management techniques are formalized or 
standardized in the organization”.  

Numerous so called ‘maturity models’ exist in the scholarly literature as to how processes can be 
classified into different and levels of maturity. In this research, however, we used the most widely 
used classification that has been developed by Humphrey (1987) from the Software Engineering 
Institute of Carnegie Mellon University. Processes can, according to this classification (known as 
the Capability Maturity Level) be classified into 5 subsequent maturity levels:  

1. Initial (a.k.a. chaotic, ad hoc): processes are not documented, the organization 
lacks a formal process management, processes are ineffectively planned 

2. Repeatable: the process is at least documented sufficiently and is under statistical 
control such that repeating the same steps may be attempted. 

3. Defined: the process is defined/confirmed as a standard business process and 
decomposed 

4. Managed: at this stage, it is possible to initiate process measurements. The process is 
quantitatively managed in accordance with agreed-upon metrics 

5. Optimized: with a measured process, the foundation is in place for continuing 
improvement and optimization of the process 

 
The scholarly literature, mostly based on various case studies, claims a positive relation between a 
higher process maturity level and business performance. This claim has not yet been tested 
thoroughly by quantitative empirical research, as has also been put forward by (for instance) 
McCormack et al. (2009). Furthermore, the role of other extraneous variables (innovation, 
company size, company age and its geographical location), has not yet been linked to process 
maturity and performance integrally.  
 
Based on a rigorous investigation of the prior literature, the following hypotheses have been 
deducted (as presented in the conceptual model): 

H1: There is a positive relation between an organization’s business process maturity (BPMat) and 
overall performance 

H2: Larger firms tend to have higher process maturity levels 

H3: Innovative firms have less mature business processes 

H4: German organizations have more mature processes than Dutch organizations (at least, for 
our population) 

H5: The longer a company exists, the higher its process maturity becomes 

The hypothesized relations are depicted in a conceptual model in figure S1 (next page). 
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Figure S1: Conceptual model with hypotheses linking the constructs 

We surveyed 2708 German and Dutch organizations from the manufacturing (mechanics, 
electronics, semiconductor) and R&D industries, measuring the constructs in the conceptual 
model using an online questionnaire. This strategy resulted in 120 completely filled-out 
responses. The path coefficients have been calculated using Partial Least Squares (PLS) modeling. 
Hypothesis have been tested using the nonparametric Bootstrapping method, combined with T-
tests. 

Results 
The main results are summarized in the PLS model in figure S2: 
 
 

 

Figure S2: PLS model with the path coefficients (in yellow: the indicator variables that 

are used to measure the constructs, in blue) 
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We obtained the following main results: 

� BPMat level is positively related with business performance (H1 accepted) 
� The longer companies exist , the higher their process maturity becomes (H5 accepted) 
� The longer companies exist, the larger they become 
� No significant differences between German and Dutch companies with respect to 

process maturity (H4 rejected) 
� Larger companies are not associated with a higher process maturity (H2 accepted) 

 
Most interestingly, we found: 

� Innovative firms have more mature business processes (exactly the opposite to what we 
hypothesized with H3) 

 

Limitations and future research directions 

The most important limitations of this study are the following: 
� We used no direct questions on the organizations’ performance, i.e. we did not directly 

ask for quantitative performance data. Instead, we asked the organizations to rate their 
own performance themselves 

� We did not take into account the costs associated with advancing from one maturity level 
to another. These costs may affect the performance gains from advancing to a higher 
maturity level 

� We have not devised this study in a longitudinal nature 

 
We propose the following future research directions: 
 
A first interesting research direction would be to conduct a sensitivity analysis as to what extend 
imposing standardized and predefined procedures/processes (or getting more mature processes 
in general) affect the performance of the whole organization. One should analyze to what extend 
the effect on performance varies when these standardized and predefined procedures/processes 
are imposed on one process within the organization, on the most crucial processes, on the critical 
path or on all defined processes. Secondly, an interesting research direction is to investigate 
quantitatively as to how and to what extend a higher process maturity may induce process 
‘rigidity’ and to what extend this affects overall performance. Third, one could investigate 
whether companies that are based in countries that score high on ‘uncertainty avoidance’ in 
general have more mature business processes. For the Netherlands and Germany, we found no 
significant differences, but this does not imply that this result holds for all countries.  
A final, and rather straightforward future research direction would be to replicate this research 
over time to test whether our results are consistent. One could also test the validity of this 
research in [a number of] case studies. 
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1. Introduction 

Effective business process management has over the past decades emerged as one of the most 
important  determinants of business success. Organizations increasingly realize that embracing a 
process oriented way of working and that well performing business processes are important to 
fulfill ever increasing customer and quality demands. In order to enhance overall performance 
and competitiveness, a strong business strategy is often insufficient. Especially in manufacturing 
and information technology, substantial attention is devoted to optimizing processes (Davenport, 
2005): process management techniques, such as Lean and Six Sigma are widely in use and the 
reduction of waste and variability is of high priority nowadays. A framework that is widely 
adopted in practice is the Capability Maturity Model (CMM), as developed by the Software 
Engineering Institute (SEI) of the Carnegie Mellon University (Humphrey, 1987). The CMM 
classifies business processes into five subsequent ‘maturity levels’. The CMM was initially 
developed to characterize software development processes, but found applicability beyond 
software engineering as other industries adopted the model as a tool to classify their processes. 
As a result, the CMM is now virtually a standard framework for process maturity classifications. 
In the scholarly literature, the general belief is that ‘more mature’ process management would 
enhance overall performance, which has been tested by numerous case studies (consider 
McGarry & Decker, 2002, for instance). Specifically, some scholars attribute the improvements in 
overall performance to simultaneous improvements in the processes maturity as defined by the 
CMM levels. It is, however, important to substantiate these claims by providing empirical 
evidence. As McCormack et al. (2009) state, there are numerous business process maturity 
models, however; there is a significant lack of quantitative studies that have investigated whether 
maturity contributes to overall performance. 
 
Simultaneously, ‘innovation’ is the trend in today’s business climate. Significantly supported 
(regulatory and financially) by national and supranational governments (the EU, for instance), 
firms try to differentiate and increase their competitiveness by initiating new products, renewing 
exiting business processes and providing innovating services. Although both innovation and 
effective business process management seem to be ‘trending’ and seem important determinants 
of performance, little is however known as to how the innovativeness of an organization relates 
to the maturity of business processes and in what way and to what extend this affects 
performance. Based on the prior literature on innovation, one would at least expect a negative 
effect of an organization’s innovativeness on its process maturity. Hersleb et al. (1997) have 
pointed out that high mature processes may make organizations bureaucratic and rigid, which is 
difficult to unite with an organization’s innovative capability. Little is also known about the role 
the company size and the age of the company play into both innovation and process maturity. 
 
The context of this research is furthermore linked to recent economic events. Because of the 
recent economic crisis and high European leverage levels, countries’ investment levels, GDPs 
and industry outputs experienced  substantial decreases. Not all countries were affected evenly by 
the economic crisis: whereas The Netherlands experience a considerable decrease in industrial 
output (The Netherlands are facing a recession, with 1.1% decrease in GDP over the first three 
months of 2012), Germany faces economic stability. Put into this context, it would be interesting 
to also investigate whether, besides macroeconomic differences, differences also exist in the way 
Dutch and German firms are managed. Except for case studies and related fields (process 
orientation, for example), little studies have empirically investigated cross-country differences in 
process management style. 
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For these reasons (amongst others), we empirically investigate the relations between business 
process maturity (as measured by the CMM maturity scale), innovativeness of an organization, its 
size, age, geographical location and ultimately its overall performance, for 120 Dutch and 
German organizations (majorly) in the field of manufacturing and R&D. We also test for 
moderator effects of the size and age of an organization on the relation between the process 
maturity and performance.  
 
The contribution of this research is that it tends to give in-dept insight into what the relation is 
between process maturity and performance and what other exogenous factors (innovativeness, 
size and age of an organization) influence the process maturity of a company. Above all, the 
hypotheses formulated have so far not been examined altogether. This research makes a valuable 
contribution to the scholarly literature on business process management, innovation 
management, business process maturity and management science. Moreover, this research also 
makes a valuable contributor to practice, since insight into the relations and the model developed 
provide information on how to enhance performance by looking at existing business processes. 
Furthermore, from an academic perspective, a unique feature of this research is that we will (as 
we will later see) use Partial Least Squares to model relations, a method that has not yet been 
applied in this field of research. 

The rest of this paper is organized as follows. The next section presents a review of the relevant 
preliminary literature and definitions that we will use throughout this paper. Section three 
contains the deduction of research hypotheses and a conceptual model for this research. Section 
four presents the methodology that we will employ to analyze the conceptual model and the 
relations in the model and furthermore describes the data collection method. Subsequently, 
model estimation and the evaluation of three concurrent models are presented in section 5. 
Section six comprises the statistical testing of our research hypotheses and presents a ‘moderator 
effect’ analysis. In the final sections, we discuss and conclude on the results, pose limitations of 
this study, propose recommendations for managerial use and provide directions for future 
research. A graphical outline of this paper is presented in figure 1. 
 
 

Introduction 
(1)

Definitions & 
Prior 

Literature (2)

Hypotheses 
formulation 

(3)

Methodology 
& Data 

collection (4)

Data analysis 
& Model 

evaluation (5)

Hypotheses 
testing and 
moderating 
effects (6)

Discussion (7)
Conclusions 

(8)

Limitations & 
Recommen

dations
(also 8)

 
Figure 1: Graphical representation of the sections in this paper 

 

 

 

 

 

 



3 

 

2. Business Process Maturity and maturity models 

This section starts with presenting the definitions regarding business process management and 
business process maturity. Secondly, we will briefly outline several process maturity models (with 
a focus on the Capability Maturity Model). What follows is a review of the existing empirical 
literature on business process maturity (or, as we will see, related concepts such as business 
process orientation) and performance indicators. 

2.1 Business Process Maturity 

Before we can investigate what is known in the literature about business process maturity, a clear 
outline of definitions is needed. Depending on the source, exact definitions (and the scope of the 
definitions) vary significantly. As suggested before, business process maturity is closely related to 
process management, since process management can be used to manage a process ‘in a more 
mature way’. Similar to what Zairi (1997) states, a business process maturity assessment “is a 
disciplined method to optimize an organization and to map the current status of an organization 
on a ‘maturity level/stage’.” 
 
We propose the following definition of business process maturity: 
 

“By business process maturity, we mean the stage of advancement and professionalization by which a business 
process is managed, which includes process mapping (modeling), documenting, process orientation, the use of BPM 
techniques and a cycle of continuous process improvement and to which extend these management techniques are 
formalized or standardized in the organization”.  

For the reason of consistency, we compare our definition with the definitions earlier presented in 
the [academic] literature:. 
 
The notion of maturity itself may be rather confusing. The term ‘maturity’ is not only used in 
popular language to refer to a person’s age, is it also widely used in various scientific fields, 
including business, biology, mathematics, to name a few. According to The Oxford University 
Press English Dictionary (2009), maturity is the state of being complete, perfect or ready. In this 
text, we will be focusing on the ‘maturity’ of business processes. The (influential, i.e. often cited) 
initiators of the process maturity literature, Crosby (1979) and Humphrey (1987) defined process 
maturity as the degree of explicit definition, management, measurement, control and 
effectiveness a process has. In his investigation of (particularly) software development 
organizations, Humphrey (1987) puts forward that immature organizations typically ‘improvise’ 
on processes and lack a formal management. Immature organizations are reactionary and hard 
deadlines are not imposed. Mature organizations, on the other hand, possess an accurate 
documentation of processes and work activities, which are carried out according to planned 
processes. Humphrey (1987) furthermore states that “maturity implies a potential for growth in 
capability and indicates both the richness of and organization’s processes and the consistency 
with which it is applied to projects throughout the organization”.   
McCormack et al. (2009, p794) define process maturity based on the definitions presented in 
Hammer (1996): “As organizations increase their process maturity, institutionalization takes place 
via policies, standards and organizational structures”. What Hammer and McCormack imply is 
that several different subsequent maturity level exist. Organizations can move from one maturity 
level to another level as their process orientation and process management formality increases. 
McCormack and Johnson (2001) formulate this advancement as follows: “continuous process 
improvement serves as the energy that maintains and advances process maturities to new 
maturity levels”. 
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Reijers (2006) links process maturity mainly to Business Process Management Systems (BPMS). 
Reijers stresses out that more mature organizations, more frequently use BPMS, i.e. systems 
(particularly software; production and capacity planning systems and customer relations systems, 
for instance) that support decision makers to manage and control processes. Reijers defines 
business process management as: “the functionality that has been attributed historically to a 
workflow management system”. Reijers hereby joins the view of Van der Aalst, Hofstede and 
Weske (2003) that business process management in general  is supported by technology and that 
the more professional this management becomes, the more advanced technology is being used. 
The authors stress out that business process orientation is one of the key elements of business 
process maturity. Reijers (2006) refers to Hammer and Champey (2003), Davenport & Short 
(1990) and Davenport (1993) as being one of the earliest propagators of a ‘business process 
oriented’ organization. Among these authors, there is consensus that process maturity is 
determined by business process orientation, i.e. they emphasize as well that more mature process 
management can only be conducted effectively when an organization is process oriented, or even 
‘process centered’. Reijers (2006), in his empirical study, has furthermore critically addressed the 
issue on what organizational scale maturity levels should be evaluated. He distinguishes the 
process level (evaluating the maturity of this process’ management alone), a department level (a 
department may operate many different processes, some of which are well-managed, some may 
not) and even an organizational level.. 

2.2. Business Process Maturity models 

This subsection lists various process maturity models, i.e. how the maturity of processes in an 
organization can be determined/classified. Process Maturity models are wide-spread in academia. 
In this paper, our main focus is the Capability Maturity Model (CMM), as it has over recent 
decades become a standard (even for other maturity models). However, the spread of these 
models is not solely limited to the academic literature: also in popular business literature and in 
conference papers, maturity models are frequently referred to (this is what Davenport [2005] 
pointed out in the Harvard Business Review, which is, besides, to a large extend read beyond 
academia). The weakness of many maturity models is that they cannot be proved in terms of 
wright or wrong, neither are they specific (they often lack formal operational prescriptions about 
what exactly a firm should undertake to reach a higher level).  

2.2.1 The Capability Maturity Model 

Crosby (1979) contributed mainly to the ‘quality engineering’ literature and developed substantial 
best practices in the quality management field. Hammer (1990) and Davenport (1993) have 
further contributed to this field. Next to this, Crosby also conceptually developed the concept of 
process maturity, but did not analyze or develop specific maturity models. Humphrey (1987) was 
the first to develop a model that became known as the ‘Capability Maturity Model’ (CMM). The 
CMM was the first management model that identified ‘stages’ of a process’ maturity. The CMM 
model was developed by Watts S. Humphrey in corporation with the Software Engineering 
Institute of the Carnegie Mellon University. Initially, the CMM was developed for software 
development processes. These processes were characterized by randomness, inefficient 
management, repeatableness and were knowledge-intensive. The CMM appeared to be so 
successful, business adopted the model widely for analyzing the state of business processes, that 
the institute decided to register the model as a registered service mark of the Carnegie Mellon 
University. Davenport (2005), in the Harvard Business Review,  even called the CMM the 
standard framework for business process management.  
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The CMM distinguishes the following five subsequent process maturity levels: 
  

1.  Initial (a.k.a. chaotic, ad hoc): processes are not documented, the organization 
lacks a formal process management, processes are ineffectively planned 

2.  Repeatable: the process is at least documented sufficiently and is under statistical 
control such that repeating the same steps may be attempted. 

3. Defined: the process is defined/confirmed as a standard business process and 
decomposed 

4. Managed: at this stage, it is possible to initiate process measurements. The 
process is quantitatively managed in accordance with agreed-upon metrics 

5. Optimized: with a measured process, the foundation is in place for continuing 
improvement and optimization of the process 

 
A snapshot of the CMM maturity levels is presented in the appendix of this text. 

2.2.2 Other process maturity models 

Next to this maturity model, many other comparable models coexist. Weber, Curtis and Gardiner 
(2007) have developed a 450 page counting Business process Maturity Model in corporation with 
the (software) industry that consists of five different maturity levels: initial, managed, standardized, 
predictable and innovating. Their model rigorously follows the CMM by Humphrey (1987). The main 
difference, however, is that the Weber-model has been written to guide improvements of 
business processes which tend to be more transactional and are better characterized as workflows 
across organizational boundaries rather than the more bounded project orientation of the CMM.  
Rosemann & De Bruin (2005) have also constructed a business process maturity model, based on 
the model of the Weber model. Rosemann & De Bruin (2005) followed the maturity stages of the 
CMM model, but added an additional dimension. Furthermore, Lockamy and McCormack (2004) 
developed a model that takes business process orientation as a central element. The authors have 
developed a model based on the concepts of process maturity, business process orientation 
(BPO) and the CMM. Next, the authors have developed a so-called SCM (Supply Chain 
Management) process maturity model. This supply chain model is closely related to process 
maturity by itself, since supply chains are typically process centered.  
 
A comparable model has been developed by Fisher (2004), who identified five maturity levels at 
the organizational scale (see earlier, Reijers 2006). Johnson & McCormack (2000) have presented 
a maturity model that is based on BPO maturity as well. Johnson & McCormack (2000) approach 
maturity just the other way around: instead of considering BPO as an element of a specific 
maturity level, the authors developed a ‘BPO maturity’ model, outlining different stages of BPO. 
McCormack et al. (2009) stress the importance of a high business process ‘maturity’ level in order 
to more effectively manage processes. The key point in their definition of business process 
maturity is adopting a Business Process Orientation (BPO). The more oriented an organization is 
towards its business processes and towards managing them effectively, the more ‘mature’ a 
process becomes (McCormack et al. 2009). Another modeling approach to the concept of 
business process maturity has been proposed by Pritchard & Armistead (1999). The authors have 
divided organizations in groups depending on their grade and progression of processes 
management systems implementation.  
Furthermore, DeToro & Mccabe (1997) have presented an approach to conceptualize and to 
determine a process’ maturity (or: in their case: ‘process condition’). These authors have 
conceptually classified processes by two dimensions: process efficiency and process effectiveness. 
The authors distinguish five process ‘conditions’: unhealthy, noncompetitive, competitive, best-
in-class and world-class.  
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Yet, in another influential article (in terms of citing and industrial adoption), Hammer (2007) has 
designed a maturity model containing five levels, based on the CMM. 

2.3 Empirical research into business process maturity 

This subsection lists empirical research into the relation between process maturity (and related 
constructs, such as BPO) and firm performance criteria. An graphical overview of the empirical 
studies and their key finding can be found at the end of this subsection (figure 2.2). To see which 
fields are open for new research, we need to understand which empirical studies have previously 
been conducted. As McCormack et al. (2009) state, there are numerous business process maturity 
models, however; there is a significant lack of quantitative studies that have investigated whether 
maturity contributes to performance.  
 
A typical case study has been described by McGarry & Decker (2002), where the authors have 
described how successful NASA’s SEAS (Systems Engineering Analysis and Support) was in 
linking the 5th level of the CMM to its performance.  
A paper by Harter et al. (2000) specifically deals with the effect of higher process maturity levels 
(as classified by the CMM) on performance. Harter et al. (2000) have conducted their study in an 
IT development firm and investigated the development of 30 software products over a time span 
of 12 years. In this industry, it is crucial to focus on quality and, since IT development projects 
are typically process centered, to focus on an effective process management. Harter et al.’s 
findings indicate that higher levels of process maturity as classified by the CMM are associated 
with higher product quality, but also with increases in development effort. Their findings indicate 
as well, that the reductions in cycle time and effort due to improved quality outweigh the 
increases from achieving higher levels of process maturity. Thus, the net effects of process 
maturity are reduced cycle times and less development effort. Although Harter et al. (2000) have 
conducted extensive empirical research, the authors have only focused on one organization, i.e. 
they have not tested their hypothesis about the relation between process maturity and cycle time, 
quality and development effort on multiple organizations. This is also what the authors recognize 
themselves: “our….relationships are valid only in the ranges observed in this application 
domain”.  
A more recent study that covers a sample size of multiple firms, is a study by Jiang et al. (2003). 
Jiang et al. surveyed 154 IT experts and managers in the software industry (typically a process 
oriented industry) and made use of the CMM to estimate the relation between maturity level (as 
defined by the CMM, but operationalized by the authors themselves) and process performance. 
The authors defined ‘process performance’ as project performance: “the extent to which the software 
development process has been undertaken as well as performance of the delivered system from 
the viewpoint of the users” (Jiang et al. 2003, p 282). Jiang et al. (2003) found statistically 
significant evidence that, generally, a higher process maturity is associated with higher project 
performance. Results indicated that project performance is most related to the process 
engineering and organizational support activities of the CMM Level 3, but that process and 
product quality activities (level 4) also have a positive relationship with project performance. 
Furthermore, basic project management activities (level 2) were not found to be statistically 
significant at all. The authors therefore quote that organizations need to realize that substantial 
benefits may not be reached until CMM level 3 has been achieved.  

Bohn (1995) has reported a field study that provides evidence for the importance of process 
maturity and controlling process variability in enhancing process yield and product quality. Bohn 
measured ‘error rates’ of identically controlled process experiments, conducted in several 
semiconductor manufacturing plants. Bohn found significant evidence that higher process 
maturity linearly leads to a reduction of the ‘error rates’ of a manufacturing process.  
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We believe that the problem with Bohn’s study is, however, that it may be rather dated. 
Semiconductor manufacturing has developed rapidly over the past decade, making it difficult to 
generalize conclusions of Bohn’s to manufacturing processes nowadays.  

Yet another study that covered several industries and that quantitatively investigated whether the 
maturity levels as defined by the CMM can be linked to performance, has been conducted by 
Hersleb et al. (1997). The research comprises several sectors (including the IT industry). The 
authors found significant relations between maturity levels and performance. The results are 
summarized in figure 2.1. 

 

Figure 2.1: CMM and performance by Hersleb et al. (1997, p.35) 

An interesting application domain of business process maturity had been explored by Dooley & 
Anderson (2001): these authors underlined the issue that the majority of the studies covered the 
IT and software development domain. Therefore, the authors wanted to “generalize the concept 
of maturity beyond software engineering and determine the impact of maturity on project 
performance in new product development” (Dooley & Anderson, 2001, p1). ‘Maturity’ levels 
were defined slightly different than in the CMM, but generally the maturity stages overlapped. 
Based on an empirical investigation into 39 organizations, the authors conclude that the level of 
process maturity in new product development (NPD) projects is linked positively to 
performance. Specifically, higher maturity is associated with projects that meet cost, schedule and 
other organizational objectives.  

Lockamy and McCormack (2004) have not investigated directly the relation between maturity 
levels and performance, but they have investigated the relation between SCM (supply chain 
management) process maturity and overall supply chain performance. The authors found that a 
SCM process’ maturity had an overall correlation of 0.825 with SCM performance and that the 
higher the maturity level, the stronger the correlation. Other significant correlations were all 
process measures that clearly reflect process performance. Interestingly, the authors noted that 
overall business performance and business performance vs. competitors were not significantly 
correlated to a SCM maturity level.  

A more recent empirical study by Skrinjar & Bosilj-Vukic (2008), also investigated business 
process orientation. The authors studied the impact of business process orientation on financial 
and non-financial performance of firms.  
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The study has been executed in the startup market and proves that BPO contributes significantly 
to improved performance, as measures by less failures. The research confirms that BPO directly 
leads to better non-financial performance and indirectly to better financial performance.  

Finally, Raschke & Ingraham (2010) have conducted research in the service industry and 
investigated purchasing and order fulfillment processes. They conclude that organizations having 
higher business process maturity levels appear to have higher levels of efficiency process 
outcomes than organizations than those with less mature processes. Furthermore, they conclude 
that more mature order fulfillment processes appear to have higher levels of quality process 
outcomes than those that are less mature.  

As we now have seen, the maturity models we found in the literature are relatively similar. 
Furthermore, we discovered that quantitative empirical research on the effect of business process 
maturity on performance is scarce. We conclude that the majority of the studies we addressed 
have investigated the IT/software industry solely and hence have not included multiple 
industries. Moreover, we conclude that no studies have integrally investigated the role of 
innovativeness combined with business process maturity and performance. 
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Figure 2.2: Graphical of the empirical literature as discussed in this subsection
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3. Research hypotheses 

Given our previous review of the literature, we would clearly expect a positive relation between 
the business process maturity level and business performance. Most studies we investigated, 
claimed a strong positive relation between an organizations’ business process maturity level (or 
related indicators, such as business process orientation and process standardization) and 
performance. It should be noted that we have found very few articles that directly address the 
relation between a higher process maturity and performance. Most articles describe the relation 
between the maturity of a process and organizational performance via the professionalization of 
the use of Business Process Management techniques (Total Quality Management, Lean 
Production and Six Sigma, for example) or an increased focus on processes (BPO). Johnson & 
McCormack (2000) state that an increased BPO will lead to a more positive corporate climate, 
illustrated through a better organizational connectedness and less conflict. The authors also state 
that BPO (Business Process Orientation) leads to reduced overall cycle times and that “achieving 
each level of maturity establishes a higher level of process capability for an organization” 
(Johnson & McCormack 2000, p 273). They suggest that the performance of an organization can 
be enhanced by adopting a ‘process view’ of an organization and that BPO has a positive impact 
on business performance (McCormack et al. 2009). This key proposition is supported by the 
overall view in the literature (Davenport, 1993; Hammer and Champy, 1993; McCormack and 
Johnson, 2001; Burlton, 2001; Harmon, 2003, 2007; McCormack, 1999; Seltsikas, 2001; Aysar 
and Johnson, 2003). As the authors state, a more formal BPO leads to a higher maturity of 
business processes. McCormack et al. (2009, p 793) report that a higher process maturity level 
may lead to better organizational performance, via: 
 

� Better control of results 
� Improved forecasting of goals, costs and performance 
� Greater effectiveness in reaching defined goals 
� Improving management’s ability to propose new and higher targets for performance 

(Lockamy and McCormack, 2004; McCormack, 2007; Poirier and Quinn, 2004). 
 

These claims have also been put forward by Fisher (2004) who states that as an organization 
advances in one of its process maturity levels, it may have the opportunity to gain efficiency, 
lower costs, improve customer satisfaction, grow the top line, and achieve a competitive 
advantage on its competitors. In a case study, Humphrey & Snyder & Willis (1991) suggest that 
having a higher maturity level will lead to higher performance and process’ output quality and 
that the risk organizations take decreases substantially as maturity increases. The latter is 
explained by the fact that at higher maturity levels, process methods and operational decisions are 
increasingly formally documented, lowering risk (by which these authors specifically aim at 
lowering the risk of missing cost estimates and ‘’failing to meet’ the schedule). Given these claims 
made in the literature, we state: 
 
H1: There is a positive relation between an organization’s business process maturity level and its 
overall performance, i.e. a higher business process maturity level leads to better business 
performance. 
 
Large organizations (in terms of employees, revenues or capital employed) tend to have more 
means to assign to process management than smaller organizations. This intuition is rather 
conceivable. Furthermore, large organizations may have a more urgent need for structure, since 
they may otherwise become unmanageable and ‘messy’.  
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We would therefore expect that larger organizations document their (core) business processes 
more rigorously than smaller equivalents and that larger organizations may have more 
standardized and professionalized processes. The latter is also related to what we have cited 
earlier from Humprey, Snyder and Willis (1991), that organizations can decrease the ‘risk’ as their 
processes become more mature. Large organizations could deploy more mature processes to 
decrease the risk across the organization, because ‘messy’ managed processes have more impact 
(financially, for instance) on large organizations than on smaller ones (where furthermore 
processes deficiencies are noticed in an earlier stadium). A large multinational with multiple 
production plants in different countries, for instance, may want to standardize processes and use 
consistent and standardized ways for evaluating process’ output performance. Smaller 
organizations may furthermore be in a ‘startup phase’, where effective and efficient process 
management (let alone Business Process Orientation) does not have high priority. Hence: 
 
H2: Larger organizations tend to have a higher business process maturity level 
 
The rationale for our third hypothesis is intuitive. Innovative organizations usually employ 
business processes that are novel and typically produce products that require a high degree of 
improvisation and ability to change quickly. Consider, for instance, research and development 
processes, which are typically ‘unbounded’ and require a high degree of improvisation, knowledge 
sharing and ability to ‘pull the plug’. We therefore expect that organizations that mainly operate 
these kinds of processes, have a lower business process maturity level than equivalents that are 
less innovative. Furthermore, as we see, for instance in Hersleb et al. (1997), achieving a higher 
business process maturity may also make an organization “rigid, bureaucratic and uncreative”. 
These authors suggest that a higher business process maturity level does not one-to-one lead to a 
higher performance, because a rigid and bureaucratic organization may fail to “innovate and 
change” on time. Reasoning this way also implies that the innovation capability of organizations 
would not lead to mature processes (at least not when a high process maturity leads to rigid and 
bureaucratic processes). Hence: 
 
H3: Innovative organizations have less mature business processes. 
 
Based on the model of cultural dimensions by Hofstede (1980), we would expect that the 
region/country relates to the degree of business process maturity. One factor of the Hofstede 
model (1980) may be of particular interest to process maturity: the uncertainty avoidance index (UAI). 
The UAI “deals with a society’s tolerance for uncertainty and ambiguity” (Hofstede model, 
website). Uncertainty avoiding cultures try to minimize the possibility of uncertain situations by 
strict laws and rules, safety and security measures. It makes sense to assume that organizations in 
countries that score high on this index, may have higher business process maturities, since by 
documenting and formally manage processes organizations may reduce risk and uncertainty. This 
notion is consistent with Humprey, Snyder and Willis (1991), who state that (process failure) risk 
and uncertainty are reduced, as process maturity increases. One would therefore expect higher 
business process maturities for organizations in countries that score higher on Hofstede’s 
uncertainty avoidance index. Since this research is also of interest for the Dutch Embassy in 
Berlin, we are particularly interested in whether there are significant differences between the way 
Dutch and German organizations manage processes. Specifically, Germany has a higher scoring 
on Hofstede’s uncertainty avoidance index (namely ‘65’) than The Netherlands (which scores ‘53’ 
on the index). Following this way of reasoning, we state (the scoring on Hofstede’s cultural 
dimension of Germany and The Netherlands is represented in table 3.1): 
 
H4: German organizations have more mature processes than Dutch organizations 
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Table 3.1: Hofstede’s (1980) model for The Netherlands and Germany.  

 

 

Intuitively reasoned, organizations grow (in terms of employees, revenues, capital employed, etc.) 
as they exist longer. Numerous theories, often labeled under the term ‘life cycle theories’, coexist 
about the way organizations develop as their total years of existence increases. Quinn and 
Cameron (1983) are among the first to compare several organizational life cycle models and have 
designed a ‘summarizing’ model, comprising overlapping and common characteristics of other 
life cycle models. Quinn and Cameron (1983, p 35) identify four stages in the life cycle of a 
company: (1) the entrepreneurial stage, (2) the collectivity stage, (3) the formalization and control 
stage and finally, (4) the elaboration of structure stage. The authors state that the first two stages 
are mainly characterized by “lots of ideas”, “little planning and coordination”, an “informal 
communication structure” and “high innovation”. As organizations mature into the latter stages, 
they are characterized by the “formalization of rules”, “stable structures”, “emphasis on 
efficiency and maintenance”, “conservatism” and more importantly “institutionalized 
procedures”. Yet, the latter ones of this enumeration of characteristics are these that we associate 
with a higher business process maturity (especially the formalization of procedures and 
institutionalized procedures). Other scholars have also presented models that suppose more 
formalized and controlled structures and procedures as an organization’s development stage 
matures. Scott (1971), for instance, defines that as an organization reaches a more advanced stage 
of development (“stage 2”), procedures become institutionalized and formalized. Torbert (1974) 
describes that later stages are characterized by “plans, schedules, roles and governance” and that 
fixed rules, structures and authority systems are established. Similar descriptions of later 
development stages of companies have been published by Downs (1967), Greiner (1972), Lyden 
(1975), Katz and Kahn (1978), Adizes (1979) and Kimberly (1979). All in all, this review of the 
organizational life cycle models, brings us to the following hypothesis: 
 
H5: The longer organizations exist, the higher their business process maturity becomes 
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4. Methodology and data collection 

In this section, we will outline our data collection method, the construct measurement and survey 
design and finally, the survey piloting. 

4.1 Conceptual model and methodology 

Based on the hypothesis previously defined, the conceptual model of this research is depicted in 
figure 4.1, where ‘BPMat’ represents the Business Process Maturity of an organization, 
‘Innovativeness’ represents the degree of innovativeness of an organization, ‘Business 
Performance’ represents the overall performance, ‘Duration’ indicates the total years of existence 
(age), ‘Region’ represents the country of origin (in this case either Germany or The Netherlands) 
and finally, ‘Size’ the company size. We will later on describe how these constructs will be 
operationalized. 
 

 
 

Figure 4.1: conceptual research model 

The model consists of three ‘latent’ constructs (Wold, 1982). The constructs that are ‘latent’ are: 
Business Process Maturity, Innovativeness of the company and Business Performance. The other 
blocks in the model represent variables that can be directly observed; the company’s size, for 
instance, can objectively be measured by asking for the number of employees or the annual 
turnover. Remark that every latent construct needs to be operationalized by multiple variables 
(Wold suggests to use at least 3) that represent the construct as best as possible (i.e. that account 
for most of the common variance of the construct). 
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4.2 Operationalization of the constructs 

This subsection comprises the operationalization of the constructs in the model into a survey. 
The constructs are measured in the following way (the original survey in Dutch as well as in 
German can be found in the appendix of this text): 
 
‘Company size’ 
A reliable and widely used definition of company size is given by the European Commission’s 
(recommendation 2003/361/EC): 

Enterprise 
category: 

Headcount: Turnover: or Balance sheet total: 

Medium-sized < 250 ≤ € 50 million   ≤ € 43 million 

Small < 50 ≤ € 10 million   ≤ € 10 million 

Micro < 10 ≤ € 2 million   ≤ € 2 million 

 

Figure 4.2: EU Commission recommendation 2003/361/EC  

Based on this recommendation, we will use the following questions to measure the company size: 

S1: How many employees does your organization count? a. 1-10, b. 10-50, c. 50-250, d. 250-750, 
e. more than 750? 
S2: How large was the turnover in the previous year (2011, in euro’s)? a. less than 2 million, b. 2-
10 million, c. 10-50 million, d. more than 50 million? 
S3: What definition fits your company best? a. very small (micro), b. small, c. medium-sized, d. 
large, e. very large 
S4: Is your company listed at a stock exchange? Yes/No? (Significantly large companies are 
typically listed at a stock exchange) 

‘Region’ 
We create an additional dummy variable for the country of origin of the company: surveys sent to 
German companies in Germany are assigned a value 1, whereas surveys sent to companies in The 
Netherlands are assigned a value 0. As our fourth hypothesis is based on cultural differences 
between Germany and The Netherlands, it would significantly contaminate our data if a company 
in Germany would have a Dutch management (adopting a ‘Dutch management style’ with its 
related lower uncertainty avoidance, or vice versa). To guarantee that we investigate German and 
Dutch companies, we add the following control question: 
 
Is the [process] management of this organization Dutch or German? 
 
‘Business Process Maturity’  
We believe that some authors who have investigated business process maturity have used very 
limited measurement scales. Consider, for instance, Raschke & Ingraham (2010), who have 
‘measured’ this construct using only one Likert scale question per maturity level. As a matter of 
fact, these authors advised us to use more than one question per maturity level. Contrary, the 
Object Management Group (OMG) has developed an extensive specification of this construct 
which is far beyond the scope of a survey. Therefore, we decided to develop our own 
measurement scale (as is not uncommon in this field), based on the most widely used CMM 
classification: we used the 5 levels as specified in the CMM and operationalized the levels by 
reflecting the specification the OMG made of every single maturity level by three separate 
questions (next page). 
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We hence designed our own questions, but we assured that these questions are in line with the 
specifications made by the OMG. 
 
Level  1 (‘initial/ad hoc’):  

� M11: Formal procedures for the execution of processes do not exist in our organization 
� M12: If procedures are defined, they are rarely followed 
� M13: Everybody executes tasks in its own way, in other words: everybody has its own 

methods 
Level 2 (‘repeatable’, focus is on project level):  

� M21: At the beginning of a project, we make agreements about which methods and 
technology we will use. 

� M22: If we make agreements about work methods, they will be documented such that 
they can be executed in the same way at another time. 

� M23: We use planning and management procedures to control our individual projects 
Level 3 (‘defined’, focus is on whole organization): 

� M31: Procedures are standardized for the whole organization 
� M32: Work procedures and objectives are well documented in our whole organization 
� M33: Processes are defined such that they will be in the same way by different work 

groups 
Level 4 (‘Managed’): 

� M41: Performance is managed statistically (e.g. by measuring KPIs) to understand 
performance and to control variation 

� M42: Processes/tasks are managed in such a way that they meet agreed-upon 
performance- and quality goals 

� M43: If processes do not perform according to pre-defined standards, they are corrected 
to meet the quantitative goals 

Level 5 (‘Optimized’): 
� M51: Our organization understands its critical business issues and areas of concern by 

using feedback from performance measurements 
� M52: Our organization sets quantitative improvement goals to constantly reorganize 

processes when perceived necessary 
� M53: We constantly pilot with new ideas and new technologies to improve our processes 

 
 ‘Innovativeness’ 
To measure this construct, we used the questions from Moorman (1995) and added a fifth 
control question (I5): 
I1:  We are more innovative than our competitors in deciding what methods to use in 

achieving our targets and objectives  
I2:  We are more innovative than our competitors in initiating new products and systems  
I3:  We are more innovative than our competitors in developing new ways of achieving our 

targets and objectives  
I4:   We are more innovative than our competitors in initiating changes in the job contents 

and work methods of our staff 
I5: Do you consider your company as: a. very conservative, b. somewhat conservative, c. not 

conservative and not innovative, d. somewhat innovative, e. very innovative 
 
‘Business Performance’  
The operationalization of this construct follows the procedure as in Lockamy (III) & 
McCormack (2004). These authors used similar questions to rate SCM performance. After slight 
adaptations make these questions fit on a whole organization, we use them to evaluate overall 
performance. 
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P1:  How would you evaluate the overall performance of your organization over the previous 
year 2011? (1=very bad, 5=very good) 

P2:  Rate the overall performance of your business (unit) in the past year (1=very bad, 5=very 
good) 

P3:  Rate the overall performance of your business (unit) in the past year relative to your 
competitors (1=Much worse, 5=much better) 

P4:  Rate the overall profitability compared to your competitors (1= much worse, 5=much 
better) 

P5:  Compared to your competitors, you met your overall goals (1=much worse, 5=much 
better) 

P6:  Compared to your competitors, the quality of the process output is (1=much worse, 
5=much better) 

 
The constructs in the model will be measured using an online survey, constituted by these  
measurement scales: 

� Business Process Maturity (latent): 15 five-point Likert scale premises about the business 
processes (i.e. three statement for every maturity level, as depicted above), with ‘5’ 
reflecting a total agreement with the premise and ‘1’ a total disagreement. 

� Innovativeness of the Company (latent): 5 five-point Likert scale premises to measure the 
relative innovativeness of the organization, with ‘5’ reflecting a total agreement with the 
premise and ‘1’ a total disagreement. 

� Business Performance (latent): 6 five-point Likert scale premises/questions, with with ‘5’ 
reflecting a total agreement with the premise and ‘1’ a total disagreement. 

� Region: actually not a question; German organizations were assigned dummy variable 1, 
Dutch organizations a 0.  

� Size: one interval question on the total number of employees, one interval question on 
the annual turnover, one five-point Likert scale premise on the perceived size of the 
company and a final yes/no question on whether the company is listed on a stock-
exchange. 

� Duration: one interval question about the total years of existence of the organization.  

4.3 Survey piloting 

The survey (as can be found in German and Dutch in the appendix of this text) has been piloted 
with 12 senior employees of the Dutch Embassy in Berlin to assure correctness and 
understandability. The employees were full time employees of the embassy (from the economic, 
political and technical department) and have been specifically selected for three reasons: first, 
these 12 employees had no affinity with business process management and could therefore be 
regarded as ‘neutral’ and unbiased towards the questions. Second, the employees were found to 
be precise and critical. Third, several employees had experience with empirical research and could 
therefore give valuable feedback on the clarity of the survey and the ‘survey flow’. The following 
criteria were used to evaluate the survey in the pilot:  

� understandability of the questions,  
� ease of use,  
� construct-specific completion times,  
� linguistic correctness,  
� internal reliability (i.e. do the questions measure what they are supposed to measure?) 
� additional input/remarks. 

 
The results of this survey piloting were used to fine-tune the survey and to make its lay-out as 
clear and appealing as possible. 



17 

 

4.4 Data analysis and hypotheses testing method 

Data from the surveys will be anonymized (for privacy reasons). The predicted relations in the 
model will be tested using the nonparametric Partial Least Squares method (using the smartPLS 
software package) and will be tested for statistical significance using the (smartPLS) 
Bootstrapping procedure and T-tests. Besides estimating the relations in the model, we will also 
perform a ‘moderator analysis’ for the relations between innovativeness, business process 
maturity and performance. It could for instance be that the relation between business process 
maturity and performance is stronger for large companies than for small companies. 
Conclusively, we will reflect on the hypotheses and draw conclusions. 

4.5 Scope 

We examine the data collected from Dutch and German organizations. The primary focus is on 
organizations in the manufacturing industry (including mechanical engineering, electronics, 
chemicals) and on organizations in the research and development industry (including 
semiconductor production and development and life science industry).  
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5. Data analysis and model construction 

This section comprises the construction of a PLS model and the analysis of the data attributed to 
the model. Although Partial Least Squares is a nonparametric analysis method, i.e. distributional 
assumptions-free, to get more insight into the underlying structure of the data and to validate the 
use of PLS, this section starts with a brief test of general multivariate characteristics. What 
follows is a development of a PLS model, particularly an assessment of different ways of 
modeling the Business Process Maturity construct. We will finally select the best way to model 
this construct and use this model for the hypotheses testing in the next section.  

5.1 Data collection 

In this subsection, we will describe in what way we have collected our data. The next subsection 
comprises the examination of the data, which includes the most important characteristics of the 
data and its statistical descriptives. 
 

The survey containing the questions to measure the constructs in the proposed PLS model, has 
been distributed online (as equally as possible), using Qualtrics Survey Software®, among Dutch 
and German organizations. The total number of organizations to which a survey was sent with 
their corresponding industry is visualized in Table 5.1. 
 

Industry 
 

# organizations 
 

# missers 
 

net sent 
 

Automotive Dutch 137 12 125 
Automotive German 324 26 298 
Electronics Dutch 234 5 229 
Chemicals German 494 19 475 
Mechanicals Bavaria 546 22 524 
Mechanicals Hessen 178 9 169 
Mechanicals 
Niedersachsen 309 12 297 

Mechanicals Sachsen 168 8 160 
Mechanicals Dutch 219 17 202 
Semiconductor German 130 4 126 
Solar German 68 2 66 
Solar Dutch 37 0 37 
        
Total 2944 126 2708 

Net Total - - 2708 

 
Table 5.1: Overview of invitations sent to different industries 

 
* ‘Missers’ include e-mails that could not be sent, received, opened or that were returned. 
 
 ‘Automotive’ includes suppliers to the automotive industry (producers of engine parts, 
dashboards, airbags etc.) as well as automobile producers (assembly, engine producers etc.). 
‘Electronics’ includes companies that develop and produce electrical equipment, both Business-
to-Consumer and Business-to-Business. ‘Mechanicals’ includes companies that are active in 
mechanical engineering. ‘Solar’ represents organizations that produce photovoltaic energy 
supplies. 
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‘Solar’ firms were selected based on the private database of the Dutch Embassy in Berlin, the rest 
of the firms were selected from the international “Kompass” database and the German 
“Werzuwem” database. Both databases are commercially accessible. Search keywords included 
amongst others: “Maschinenbau”, “Elektrotechnik”, “machinebouw”, “elektrotechniek”, 
“Chemische Industrie” and “semiconductor”. Kompass is an international commercial database 
that comprises thousands of companies grouped by these keywords, Werzuwem is the German 
equivalent of the Kompass database. 

Initially, the survey has been sent to general managers and directors of the firms directly, quoting 
their first- and surnames names in the invitation e-mail.. Later on, another strategy has been 
adopted: to send the survey to “the department of quality management and/or process 
management”, which resulted in a considerably higher response rate. 

The first distribution session resulted in 20 Dutch responses and 36 German (which accounts for 
a 2.07 per cent response rate). Since this response rate was low, a reminder was sent to all firms 
in the population after 3 weeks. This reminder resulted in a substantial higher response rate (59 
Dutch responses and 105 German, accounting for a 6.02 per cent response rate). To further 
increase the response rate, we contacted about 200 randomly selected organizations in the 
German mechanics sector by phone. This last strategy resulted in a slightly higher response, 
namely 6.50 per cent (59 Dutch responses and 117 German). 

5.2 Examination of the data 

In this subparagraph, we will analyze the data graphically and present important data 
characteristics. This paragraph includes mostly the ‘descriptives’ of the data, in order to get 
insight in the underlying structure of the data.  

Frequency tables of the complete data 

We received 176 responses in total (both from and Dutch and German organizations), of which 
120 completely filled out questionnaires. For all of the 56 partially completed questionnaires, a 
considerable percentage of more than 70% of the data was missing (including important 
variables, such as Business Process Maturity). Intuitively, missing data imputation methods could 
not help transforming our data into completely useful data. Imputation methods such as mean 
replacement would significantly bias the results and influence the estimations from the PLS 
algorithm. Indeed, Hair et al. (2010) then suggest to include only complete cases in the analysis 
and hence to delete the partially completed cases, which is also what we did. The descriptive 
statistics of the remaining 120 complete cases are presented on the next page. Tables 2,3 and 4 
state the represented industries, the age of the firm and the employee headcount. We will use 
only the 120 complete cases for our further PLS analysis. 
 
From these frequency tables, we can conclude that the majority of the organizations operated in 
the ‘mechanics’ and that a large variety of organizations with respect to the number of employees 
is covered. Noticeable as well, is that the distribution of the ‘age’ of organizations is slightly 
skewed towards older organizations. 
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Industry 

# of cases 

Percent 

of total Valid Percent 

Cumulative 

Percent 

 Mechanics 43 35,8 35,8 35,8 

Electronics 17 14,2 14,2 50,0 

Solar 7 5,8 5,8 55,8 

Research & Development 7 5,8 5,8 61,7 

Life Science 2 1,7 1,7 63,3 

Chemicals 11 9,2 9,2 72,5 

Construction 2 1,7 1,7 74,2 

Food processing 3 2,5 2,5 76,7 

Automotive 12 10,0 10,0 86,7 

Services 9 7,5 7,5 94,2 

Unclassified 7 5,8 5,8 100,0 

Total 120 100,0 100,0  

Table 5.2: Distribution of responses over different industries 

 

 

 
Number of employees 

# of cases Percent Valid Percent 

Cumulative 

Percent 

 1-10 26 21,7 21,7 21,7 

10-50 38 31,7 31,7 53,3 

50-250 30 25,0 25,0 78,3 

250-750 8 6,7 6,7 85,0 

> 750 18 15,0 15,0 100,0 

Total 120 100,0 100,0  

Table 5.3: Distribution of responses over different number of employees 

 

 

 

Age (‘duration’) 

# of cases Percent Valid Percent 

Cumulative 

Percent 

 <  5 years 3 2,5 2,5 2,5 

5 - 10 years 12 10,0 10,0 12,5 

10 - 20 years 35 29,2 29,2 41,7 

20 - 40 years 29 24,2 24,2 65,8 

>  40 years 41 34,2 34,2 100,0 

Total 120 100,0 100,0  

Table 5.4: Distribution of the responses over the age (‘duration’) of the company 
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5.3 General multivariate characteristics 

PLS can be regarded as a ‘soft’ approximation to Structural Equation Modeling (SEM) and is a 
nonparametric method, i.e. PLS puts less requirements on distributional assumptions and the 
sample size (Chin, 1998). Nevertheless, even though PLS analysis does not strictly require 
multivariate assumptions to hold, we will still check some multivariate characteristics, for two 
reasons: first, checking these characteristics will give us insight into the structure of the data and 
the quality of the data, secondly can a check assure that our data analysis method is indeed valid. 
The multivariate characteristics will not be checked for the variables ID (this is only the 
respondents’ id), COUNTRY (it is a dummy variable), A1 (since mean and variance for this 
variable have no practical meaning), S4 (it is a dummy variable) and L1, L2 (these variables are 
again dummy variables). Hence, we will only examine the variables S1,S2,S3, the Maturity 
variables Mxx, the Innovativeness variables I1,I2,I3,I4,I5 and the performance variables 
P1,P2,P3,P4,P5,P6. 
 
The following multivariate characteristics will be tested for (Hair et al. 2010): 

� Normality of the data (extra, to get more insight into the distribution of the data). 
Because normality is strictly not a necessary condition for PLS, the tests for normality of 
the data can be found in the appendix of this text. 

� No perfect multicollinearity (which is, in fact, important, also for PLS) 
 

And, since PLS analysis sets requirements on the sample size: 
� Having a sufficiently large valid sample size 

5.4 No perfect multicollinearity 

Whereas a distributional assumption is of minor importance for PLS estimation, having no 
perfect multicollinearity is favorable. To test for multicollinearity, we use the Variance Inflation 
Factor (VIF) criterion. Basically, a tolerance statistic (1/VIF) below 0.2 indicates a potential 
problem with multicollinearity and a tolerance statistic below 0.1 indicates that the data of that 
variable is seriously collinear. The output in table 5.1 is obtained from SPSS, using as input the 
unstandardized latent variable scores from the PLS model (as obtained from smartPLS). For the 
dependent variable, we created an extra variable ‘ID’ on which every case was given a value 
between 1 and 120: case 1 was assigned the value 1, case 2 the value 2, etc. From table 5.5, we 
conclude that there is no perfect multicollinearity (no VIF tolerance statistic below 0.2). We 
conclude therefore that there is no problem with multicollinearity for our data. 

 

Model Collinearity Statistics 

Tolerance 

(=1/VIF) VIF 

1 BPMat ,874 1,144 

Duration ,827 1,209 

Innovativeness ,712 1,404 

Performance ,808 1,238 

Region ,967 1,034 

Size ,873 1,145 

 

Table 5.5: collinearity diagnostics, where the dependent variable is ‘ID’ 
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5.5 Sample size criterion for PLS analysis 

The PLS analysis method as compared to the more commonly used Structured Equations 
Modeling, has also been developed because it does not solely limit analysis to data with a large 
number of observations. In fact, the pioneer of PLS (Herman Wold) states that PLS is virtually 
distribution free and can be applied as an analysis algorithm for as little as 50 observations (Wold, 
1982). A more formal sample size criterion has been proposed by Barclay, Higgins, & Thompson 
(1995): the minimum sample size for PLS analysis should exceed (1) ten times the number of 
items comprising the most formative constructs, or (2) ten times the largest number of structural 
paths directed at a particular construct in the inner path model. As we will see later in this text (at 
the formative domain partialling section), we can have one formative construct (business process 
maturity), comprised by five variables (SUM1, SUM2, SUM3, SUM4 and SUM5), therefore 
requiring 10*5 = a minimum of 50 cases. The largest number of structural paths in the inner 
model is 4: as we will later see, the business process maturity construct (as modeled in a 
formative way) has four arrows pointing towards it, therefore requiring a minimum sample size 
of 10*4 = 40. With 120 complete cases, both conditions are more than met.  

5.6 Development of a PLS ‘Business Process Maturity’ model 

In this subsection we will evaluate three different PLS models (or: ‘solutions’), which differ in the 
way the construct ‘business process maturity’ has been integrated into the model. The next 
subsection continues with evaluating the three proposed solutions and selecting the ‘best’ one for 
further analysis and hypotheses testing. 
Now we have checked three general multivariate characteristics (of which two, multicollinearity 
and the sample size criterion are indeed of importance for PLS), we will develop a PLS model 
that fits the data best. The latent construct ‘Business Process Maturity’ is not a common latent 
construct that is ‘simply’ constituted by several indicator variables. In fact, the maturity construct 
can be regarded as a multidimensional construct that has five dimensions (or: levels) with three 
indicator variables each. Since we investigate the relationship between Business Process Maturity 
and business performance and may want to know whether a higher maturity level leads to 
improved business performance specifically, it makes sense to define the maturity constructs in 
several ways and choose the most suitable one for further analysis. First, the maturity construct 
has (as stated before) five levels that are strictly spoken not independent of each other: scoring 
high on the questions that comprise maturity level 5 almost certainly would imply scoring high on 
the other questions. On the other hand, scoring high on the questions belonging to level 2, for 
instance, does not necessarily implicate a high scoring on the questions belonging to subsequent 
maturity levels (3,4,5). In short; we need to know the maturity levels of the independent 
observations to estimate the relationship between the maturity level and performance. This is 
why it is important, except from modeling the maturity construct by linking the 15 indicator 
variables to one and the same construct, to also experiment with different ways to include the 
maturity construct into the PLS model and to investigate what effect this has on the path 
strengths in the model. We will compare three ‘solutions’ to include the maturity construct into 
the PLS model: a ‘plain’ solution, the ‘highest average’ solution and finally the ‘formative domain 
partialling’ solution. Note that for every calculation with SmartPLS, the following PLS algorithm 
settings will be used: 
 
Missing data:     N.A. (we used only the 120 complete cases) 
Weighting Scheme:    Path Weighting Scheme 
Data metric:     Mean 0, Variance 1(standard) 
Maximum number of iterations:  800 
Abort Criterion:    1.0 * 10-5 

Initial Weights:    1.0 
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5.6.1 ‘Plain’ solution (PS) 

The plain solution involves including the BPMat construct in the PLS model by linking the 15 
indicator variables to a single BPMat construct without using a ‘rule’ to determine a case’s 
business process maturity level beforehand, thereby not “creating depth” (hence, ‘plain’).  Before 
we can link the indicator variables to the latent constructs and design a PLS model, we need to 
‘recode’ the values of the variables M11, M12 and M13. Variables M11, M12 and M13 are namely 
‘negatively formulated’: scoring high on these questions implies having a low business process 
maturity (and almost excluding all other maturity levels), whereas scoring high on the other 
maturity questions implies a high business process maturity. At level 1 we did for instance not ask 
‘there are formal procedures for the execution of tasks in our organizations), but just the 
opposite: “formal procedures for the execution of processes do not exist in our organization”.  
 
We invert the scores on questions M11, M12 and M13 as follows: 
 

Old value:   New value: 
1    5 
2    4 
3    3 (same) 
4    2 
5    1 

 
As can be seen from the table below, the plain solution fits the data quite well in terms of factor 
loadings; the latent constructs are represented by relatively high factor loadings (>0.7) of the 
indicator variables (except for M11_recoded, M12_recoded and M13_recoded). Especially the 
size indicator variables for the size construct and for the innovativeness variable load very well. 
Table 5.6 represents the factor loadings of the indicator variables on the supposed factors (our 
latent constructs): 
 

           
    
BPMat Duration Innovativeness Performance  Region    Size 

         A2 0 1 0 0 0 0 
  COUNTRY 0 0 0 0 1 0 
         I1 0 0 0,7308 0 0 0 
         I2 0 0 0,7239 0 0 0 
         I3 0 0 0,8409 0 0 0 
         I4 0 0 0,7679 0 0 0 
         I5 0 0 0,7981 0 0 0 
M11_recoded 0,3947 0 0 0 0 0 
M12_recoded 0,5197 0 0 0 0 0 
M13_recoded 0,4688 0 0 0 0 0 
        M21 0,8077 0 0 0 0 0 
        M22 0,7529 0 0 0 0 0 
        M23 0,8014 0 0 0 0 0 
        M31 0,7728 0 0 0 0 0 
        M32 0,8528 0 0 0 0 0 
        M33 0,7897 0 0 0 0 0 
        M41 0,8086 0 0 0 0 0 
        M42 0,8132 0 0 0 0 0 
        M43 0,821 0 0 0 0 0 
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        M51 0,8272 0 0 0 0 0 
        M52 0,7682 0 0 0 0 0 
        M53 0,5715 0 0 0 0 0 
         P1 0 0 0 0,7226 0 0 
         P3 0 0 0 0,6529 0 0 
         P4 0 0 0 0,8079 0 0 
         P5 0 0 0 0,8554 0 0 
         P6 0 0 0 0,6342 0 0 
         S1 0 0 0 0 0 0,968 
         S2 0 0 0 0 0 0,9521 
         S3 0 0 0 0 0 0,9159 

 
Table 5.6: Outer factor loadings of indicator variables of the Plain Solution 

 
We observed that the indicator variable S4 has a relatively low factor loading on the ‘Size’ 
construct and that it is the only variable that has a negative factor loading (opposed to the other 
indicators that load on size). Moreover, the other variables that load on ‘Size’ have relatively high 
factor loadings and it seems that the binary variable S4 is an exception in this case. Therefore, 
indicator variable S4 is a candidate for deletion, which can only improve (i.e. enhance the path 
coefficients of the PLS model) the results. Executing the PLS algorithm results in the model that 
is on the next page. The model is mode A, i.e. all indicator variables have been modeled in a 
reflective way (Chin, 1998).  
 
The PLS model with the path coefficients between the constructs is depicted in figure 5.7.   
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Figure 5.7: PLS model of the plain solution 
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The path coefficients (effects) as in table 5.8 (mention: total effects are presented) were 
computed for the Plain Solution. 
 

                 BPMat Duration Innovativeness Performance  Region    Size 

           BPMat 0 0 0 0,255 0 0 
      Duration 0,1301 0 0 0,0332 0 0,34 
Innovativeness 0,4143 0 0 0,1056 0 0 
   Performance 0 0 0 0 0 0 
        Region 0,1062 0 0 0,0271 0 0 
          Size 0,0809 0 0 0,0206 0 0 

 
Table 5.8: Path coefficients (total effects) of the Plain Solution 

 
As can be seen from this table and from figure 5.7, relations between BPMat (business process 
maturity) and performance is relatively high (a correlation of 0.255) as well as the relation 
between innovativeness and BPMat. The relation between the size of the company and its 
business process maturity is low, surprisingly. We will further evaluate and discuss these results in 
the next section (when will test our research hypothesis based on the chosen best solution). 
 
The quality of the model will be evaluated according to the AVE (average variance extracted), 
composite reliability, R2 and Cronbach’s alpha. We will not assess the communality and the 
redundancy of the model’s constructs. The following quality criteria are obtained for the plain 
solution (as in table 5.9): 
 

               AVE Composite Reliability R Square Cronbachs Alpha 

           BPMat 0,5364 0,9434 0,174 0,9343 
      Duration 1 1 0 1 
Innovativeness 0,5984 0,8813 0 0,8388 
   Performance 0,547 0,8563 0,065 0,8012 
        Region 1 1 0 1 
          Size 0,8942 0,962 0,1156 0,9405 

 
Table 5.9: Quality criteria of the Plain Solution 

 
Fornell and Larcker (1981) suggest that the AVE of a latent construct should exceed 0.50, 
indicating that the construct extracted accounts for more than 50% of the variance of the 
indicators. Clearly, the plain solution fulfills this criterion. The solution also scores well on the 
composite reliability, a measurement of the internal consistency of the indicators. Another 
measure of internal consistency is Cronbach’s alpha. Nunnally & Bernstein (1994) suggest that a 
conservative threshold value of 0.7 should be used to assess Cronbach’s alpha. Again, the plain 
solution clearly fulfills this condition. R2 (of course, only for the dependent constructs in the 
model) is low (at least, in absolute terms) on the other hand. The predictor constructs for 
business process maturity (innovativeness, duration, size and region) only account for 17.4% of 
the total variance of the business process maturity construct. The same holds for size, whereas 
the R2 of performance is found to be low. For ‘performance’ (for instance) this can from a 
practical point of view be explained by the fact that there are numerous factors that play a role 
for the performance of an organizations, of which ‘business process maturity’ is just one.  
Other factors that would influence the performance (and hence account for this construct’s 
variance) of an organizations are macroeconomic (country’s economic conditions and the 
investment climate, for instance), but also microeconomic (think about motivation of the 
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employees, strategic decisions and marketing expenses). Although these R2s may be low in 
absolute terms (as can be logically explained), Cohen (1988) suggest that these values are not even 
that low in relative terms. Cohen (1988) formulates the following criteria: 
 
R2 = 0.09 : low 
R2 = 0.13 : medium 
R2 = 0.26 : large 
 
Given these criteria, the R2s for ‘size’ and ‘BPMat’ are medium, whereas the R2 for ‘performance’ 
is low. 
  

5.6.2 Highest average solution (HAS) 

In this section, we will first determine the maturity level for every complete case. We will 
thereafter integrate this maturity level as a new variable in the model, instead of using 15 
indicator variables in the PLS model (like in the plain solution). McCormack et al. (2009) already 
highlighted the problem of determining a single maturity level per  observation. The authors used 
a ‘graphical method’ to determine the maturity level per observation. The following rule will be 
used to determine the maturity level of a single case: 
 
For ∀ case, determine: 
1.  The ‘average’ per maturity level, i.e. the average of the 3 questions for all five levels 
2.  Choose the level with the highest score as the maturity level of an individual observation 
3.  If multiple levels appear to have the same score, then select the highest level as the 

maturity level for an individual observation. 
 
This rule formally is a numerical variant of the graphical method used by McCormack et al. 
(2009).Executing this rule results in a single maturity level per case (as represented by the variable 
‘MATLEV’ in the PLS model). The strength of applying this method lies in the fact that it results 
in a simpler model (and, moreover easier to interpret) and that it allows us to validate by 
regression the strength of the relationships in the supposed model. This rule furthermore has the 
advantage of being very consistent and straightforward; the same rule is used to determine the 
maturity level of every single case. Unfortunately, the ‘highest average’ solution also has its 
drawbacks.  
 
Consider for instance the following cases: 
 
Case 2 of the raw (yet, complete) data scores the following averages on the three questions per 
maturity level: 2.67 (level 1), 4.33 (level 2), 4.67 (level 3), 4.33 (level 4) and 4.33 (level 5). Overall, 
the organization that represents case 2 has scored relatively high on the questions determining 
the higher maturity levels. The organization has scored far above average (3 on the Likert scale) 
on maturity level 4 and 5. The highest average rule, however, assigns this company maturity level 
3, since this is the highest average although we would intuitively assign this organization a level 4 
or 5. The same situation occurs, amongst others, at case 6. Another type of problem occurs, for 
instance at case 9. This case scores the following averages: 1.67 (on level 1, mind that this implies 
that the company’s processes are at a higher maturity level than level 1), 1.00 (level 2), 1.00 (level 
3), 1.67 (level 4), 2.67 (level 5). As we can see, the organization scores relatively low on every 
maturity level. Still, since the highest average has been scored on level 5, the organization is 
assigned a business process maturity level 5 (while we intuitively would assign a substantially 
lower level, when taking into account the low scores).  
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The fact is that the previous remarks makes sense from a practical perspective, but not from an 
academic perspective. We cannot simply assign a case a maturity level “because we intuitively 
think that the case should have a higher/lower maturity level and that we therefore should violate 
the rule”. Considering the previously described advantages of this rule (consistency and having a 
single rule that leaves no room for subjectivity), we decide to at least evaluate this rule and see 
what results it produces in the PLS model. We do however keep these drawbacks in mind.  
Note that for this solution we do not need to recode the variable M11, M12 and M13 like we did 
for the plain solution. Using the rule namely means that scoring high on the questions belonging 
to level 1 indeed indicate having a maturity level.  
 
The resulting PLS model for the highest average solution with the path coefficients is presented 
in figure 5.10.  
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Figure 5.10: PLS model of the Highest Average Solution 
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Likewise the plain solution, all indicator variables have been modeled in a reflective way (mode A, 
Chin 1998). Table 5.11 represents the factor loadings of the indicator variables on the supposed 
factors (our latent constructs): 
 

          BPMat Duration Innovativeness Performance  Region    Size 

     A2 0 1 0 0 0 0 
COUNTRY 0 0 0 0 1 0 
     I1 0 0 0,7511 0 0 0 
     I2 0 0 0,6936 0 0 0 
     I3 0 0 0,8146 0 0 0 
     I4 0 0 0,7221 0 0 0 
     I5 0 0 0,8486 0 0 0 
 MATLEV 1 0 0 0 0 0 
     P1 0 0 0 0,5049 0 0 
     P2 0 0 0 0,3673 0 0 
     P3 0 0 0 0,5097 0 0 
     P4 0 0 0 0,685 0 0 
     P5 0 0 0 0,7754 0 0 
     P6 0 0 0 0,8431 0 0 
     S1 0 0 0 0 0 0,9691 
     S2 0 0 0 0 0 0,9533 
     S3 0 0 0 0 0 0,9138 

 
Table 5.11: Outer factor loadings of indicator variables of the Highest Average Solution 

 
MATLEV is now the only indicator variable constituting  the business process maturity construct 
and hence has a factor loading of 1.00. Noticeable are the factor loadings of the variables on the 
other constructs; these factor loadings unexpectedly differ from the plain solution (consider, for 
instance the variables P1…P6 which now have considerably lower factor loadings). 
 
The following path coefficients (as in table 5.12) (mention: total effects are represented) were 
computed: 
 

                 BPMat Duration Innovativeness Performance  Region    Size 

           BPMat 0 0 0 0,1845 0 0 
      Duration 0,1683 0 0 0,0311 0 0,3399 
Innovativeness 0,2735 0 0 0,0504 0 0 
   Performance 0 0 0 0 0 0 
        Region 0,1432 0 0 0,0264 0 0 
          Size 0,1918 0 0 0,0354 0 0 

 
Table 5.12: Path coefficients (total effects) of the Highest Average Solution 

 
The path coefficients have changed significantly compared to the plain solution. Most 
importantly, the relation between business process maturity and the business performance of a 
company has decreased as well as the relation between innovativeness and business process 
maturity. Interestingly, the relation between the company’s size and maturity has increased 
considerably.  
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In the plain solution this effect was negligible (an effect of 0.0809), whereas in the highest 
average solution there seems to be a clear effect of the company’s size on its business process 
maturity.  
 
As in the plain solution, the model will be assessed based on the AVE, the composite reliability, 
R2 and Cronbach’s alpha, resulting in the following quality criteria (as in table 5.13): 
 

                   AVE Composite Reliability R Square Cronbachs Alpha 

           BPMat 1 1 0,1262 1 
      Duration 1 1 0 1 
Innovativeness 0,5901 0,8774 0 0,8388 
   Performance 0,4051 0,7919 0,034 0,7801 
        Region 1 1 0 1 
          Size 0,8943 0,9621 0,1155 0,9405 

 
Table 5.13: Quality criteria of the Highest Average Solution 

 
Again, it seems that also the highest average solution performs rather well on the criteria 
assessing the internal consistency of the indicators: the composite reliabilities are relatively high 
(for all constructs this measure is 1 or relatively close to 1) and  Cronbach’s alpha integrally 
exceed the 0.7 cutoff value (Nunnally & Bernstein, 1994). Yet the R2s of the highest average 
solution is, albeit slightly, lower than the R2s of the plain solution. According to Cohen’s criterion 
(1988), all R2s (except for performance) fall in the medium range. Like discussed for the plain 
solution, these (in absolute terms) low R2s are not quite unexpected. Except for the size 
constructs, all AVEs for the constructs are lower than for the plain solution. The AVE for the 
performance construct does not exceed the suggested cutoff value of 0.5 (Fornell and Larcker, 
1981). 
 

5.6.3 Formative domain partialling solution (FDP) 

This section comprises a completely different approach then the previously described solutions. 
In the previous solutions, all indicator variables in the PLS model were modeled in a reflective 
way (also known as Mode A). In this section, on the contrary, the indicator variables loading on 
the business process maturity construct will be modeled in a formative way (also known as mode 
B).  
 
To design the business process maturity construct, the three questions reflecting every maturity 
level will be grouped together to create a single ‘domain’ (indicating the maturity level) by taking 
the sum of the three questions. Next, the resulting five domains will be included in the model in a 
formative way loading on the business process maturity construct. We model the domains in a 
formative way, to check what results it produces and since we will now assume that the five levels 
are independent, i.e. one must now argue that the five domains are completely different: having a 
maturity level 2 (for instance) can indicate a totally different process management regime than 
having a level 5. Note that for this solution, we again use the recoded values of M11, M12 and 
M13 (as described in the section ‘plain solution’).  
The formative domain partialling solution results in the PLS model as described in figure 5.14. 
Typical for this model are now the inward directing arrows of the business process maturity 
construct.  
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The interpretation of the model is now somewhat different from what we have done in the 
previous sections. Instead of interpreting the factor loading of every construct, we must now also 
consider the ‘outer weights’. Chin (1998, p. 307) suggests that the outer loadings are misleading 
“because the intraset correlations for each construct were never taken into account in the 
estimation process”. It thus makes no sense to compare factor loadings among indicators for a 
formative construct. One must therefore look at the outer weights instead of at the outer 
loadings. The outer weights of the domains on Business Process Maturity are as follows: 
 
SUM1: 0.2279 
SUM2: 0.1560 
SUM3: -0.3343 
SUM4: 0.1324 
SUM5: 0.8944 
 
The outer weight indicate weak relations for the domains on the construct, except for SUM5. 
The latter can be explained by the fact that a high score on level 5 indicates a high process 
maturity level, but this result does not seem to hold for SUM4.
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Figure 5.14: PLS model of the Formative Domain Partialling solution 
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Since the other constructs have not been changed, the interpretation of the indicator variables is 
exactly the same as we did previously (hence by looking at the factor loadings). The factor 
loadings are presented in table 5.15. 
 

          BPMat Duration Innovativeness Performance  Region    Size 

     A2 0 1 0 0 0 0 
COUNTRY 0 0 0 0 1 0 
     I1 0 0 0,738 0 0 0 
     I2 0 0 0,7027 0 0 0 
     I3 0 0 0,831 0 0 0 
     I4 0 0 0,7674 0 0 0 
     I5 0 0 0,8081 0 0 0 
     P1 0 0 0 0,6127 0 0 
     P2 0 0 0 0,4148 0 0 
     P3 0 0 0 0,5167 0 0 
     P4 0 0 0 0,7186 0 0 
     P5 0 0 0 0,8086 0 0 
     P6 0 0 0 0,7759 0 0 
     S1 0 0 0 0 0 0,968 
     S2 0 0 0 0 0 0,9518 
     S3 0 0 0 0 0 0,9163 

 
Table 5.15: Outer factor loadings of indicator variables of the formative domain 

partialling solution 

 

Except for P3, the factor loadings of the indicator variables are still relatively high. The factor 
loadings have not changed considerably, we therefore conclude that the other way of integrating 
business process maturity has only had a minor effect on the estimation of the indicator variables 
for the other constructs.  
 
The path coefficients are presented in table 5.16 (note: total effects are represented) were 
computed: 
 

                BPMat Duration Innovativeness Performance  Region    Size 

           BPMat 0 0 0 0,2308 0 0 
      Duration 0,125 0 0 0,0288 0 0,3399 
Innovativeness 0,3957 0 0 0,0913 0 0 
   Performance 0 0 0 0 0 0 
        Region 0,2388 0 0 0,0551 0 0 
          Size 0,0964 0 0 0,0222 0 0 

 
Table 5.16: Path coefficients (total effects) of the formative domain partialling solution 

 
Compared to the highest average solution, the relation between business process maturity and 
performance has now increased. The relation between size and business process maturity has 
now, as in the plain solution, again become negligible. Most noticeable is the enhanced relation 
between Region and business process maturity.  
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It seems that, having modeled the maturity construct in a formative way, German organizations 
tend to be more mature the Dutch organizations. Notice, however, that this effect has not yet 
been confirmed since we have not yet validated the effects and tested for statistical significance.  
 
Like in the plain solution and the highest average solution, the model will be assessed based on 
the AVE, the composite reliability, R2 and Cronbach’s alpha, resulting in the following quality 
criteria (as in table 5.17): 
 

                  AVE Composite Reliability R Square Cronbachs Alpha 

           BPMat 0 0 0,1957 0 
      Duration 1 1 0 1 
Innovativeness 0,5942 0,8794 0 0,8388 
   Performance 0,4311 0,8126 0,0533 0,7801 
        Region 1 1 0 1 
          Size 0,8941 0,962 0,1156 0,9405 

 
Table 5.17: Quality criteria for the formative domain partialling solution 

 
The R2 of business process maturity has increased to the highest value so far, although a R2 of 
0.1957 is still not an absolutely high value (but falls well above Cohen’s medium range). The 
formative domain partialling solution performance rather well in terms of internal consistency of 
the constructs: Cronbach’s alpha cannot be calculated for formative constructs (hence, 0 for 
business process maturity) and the composite reliability are relatively high (approaching 1). The 
average variances extracted (AVEs) of this model all exceed 0.5, again except for ‘performance’.  

5.7 Comparison of the solutions 

In this subsection, we will compare the different solutions previously described and we will 
evaluate the different solutions based on their quality criteria, advantages and drawbacks. Finally, 
the best model will be selected for further hypothesis testing. 
 
The results of the quality criteria are summarized in table 5.18 (next page). 
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PS:     AVE Composite Reliability R Square Cronbach’s Alpha 

           BPMat 0,5364 0,9434 0,174 0,9343 
      Duration 1 1 0 1 
Innovativeness 0,5984 0,8813 0 0,8388 
   Performance 0,547 0,8563 0,065 0,8012 
        Region 1 1 0 1 
          Size 0,8942 0,962 0,1156 0,9405 
HAS:      

   
           BPMat 1 1 0,1262 1 
      Duration 1 1 0 1 
Innovativeness 0,5901 0,8774 0 0,8388 
   Performance 0,4051 0,7919 0,034 0,7801 
        Region 1 1 0 1 
          Size 0,8943 0,9621 0,1155 0,9405 
FDP:      

   
           BPMat 0 0 0,1957 0 
      Duration 1 1 0 1 
Innovativeness 0,5942 0,8794 0 0,8388 
   Performance 0,4311 0,8126 0,0533 0,7801 
        Region 1 1 0 1 
          Size 0,8941 0,962 0,1156 0,9405 

 
Table 5.18: Overview of the quality criteria for the PS, HAS and FDP 

 

The differences in quality criteria of the three solutions are rather small. On the other hand, the 
plain solution is the only solution of which the AVEs all exceed the threshold of 0.5. 
Furthermore, we intuitively believe that the relation that is found between business process 
maturity and performance in the highest average solution in reality could have been enforced just 
because these constructs were integrated into a structural model. This way of modeling process 
maturity is ‘data driven’ and therefore does not have our preference. We suspect that the actual 
relation between MATLEV and performance is substantially weaker than the 0.1845 coefficient 
found using PLS modeling. 
 
To test/confirm this belief, we execute a ordinary least squares (OLS) regression, using the 
average of P1, P2, P3 P4 P5 and P6 as the dependent variable (assuming equal importance of the 
six performance variables) and MATLEV as the independent variable. The OLS coefficients 
obtained are presented in table 5.19: 

 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 3,350 ,130  25,787 ,000 

MATLEV ,039 ,037 ,097 1,056 ,293 

 

Table 5.19: OLS (linear) regression estimates, dependent variable is the average 

performance 
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The relation between the business process maturity level (as determined by the highest average 
rule described earlier) and the average performance of a company appeared to be very weak and 
above all, non-significant. This result confirms our belief that the relation between the average 
performance and the maturity level as determined by the highest average rule in reality could be 
lower than estimated by PLS1. 
 
Adding this result to the argument that ‘performance’ in the highest average solution and in the 
formative domain partialling solution has an AVE <0.5 and the drawbacks of the highest average 
solution as described in the corresponding section, we decide not to test our hypotheses using 
the model of the highest average solution. For simplicity and ease of interpretation we decide to 
use the Plain Solution for further analysis. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1Note that OLS regression assumes normally distributed variables. Performing the K-S test on the 
maturity level as determined by the highest average procedure and on the average performance 
(=(P1+P2+P3+P4+P5+P6)/6) confirmed that the average performance is normally distributed (sig.= 
0.090, p<0.05), but that MATLEV was not (sig.=0.000, p<0.05). 
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6. Hypotheses testing, moderator effects and 

validation 

In this section, our research hypotheses will be tested and the Plain Solution model will be 
validated. Recap that our hypotheses are as follows: 
 
H1: There is a positive relation between an organizations business process maturity level and 

its performance, i.e. a higher business process maturity level leads to better business 
performance. 

H2:  Larger organizations tend to have a higher business process maturity 
H3:  Innovative organizations have less mature business processes. 
H4:  German organizations have more mature processes than Dutch organizations 
H5:  The longer organizations exist, the higher their business process maturity becomes 
 
As motivated in the previous section, we will use the plain solution model to test our research 
hypotheses. To test for statistical significance, the bootstrapping procedure is used. 
Bootstrapping is a resampling procedure that results in a larger sample that tends to represent an 
unknown population. We will run the bootstrapping procedure using 120 cases, as our original 
data, and a total sample of 1000 cases (hence, the bootstrapping procedure extends our original 
120 cases to 1000). Bootstrapping using 1000 cases is ‘common practice’ in empirical research, as 
suggested by Davison and Hinkley (2003). The bootstrapping procedure then compares the 
estimated path coefficients with the newly obtained cases. The PLS model with bootstrapping 
calculations ‘on the arrows’ is presented in the appendix of this text. The complete bootstrapping 
results are depicted in table 6.1. 

                             EFFECT: OS SM STD ERR 
STD 

ERR/SM 
T 

STATISTIC 

           BPMat -> Performance 0,255 0,2883 0,1151 0,399236906 2,2152 
              Duration -> BPMat 0,1301 0,1335 0,0836 0,626217228 1,5572 
      Duration -> Performance 0,0332 0,0388 0,0297 0,765463918 1,1166 
             Duration -> Size 0,34 0,3367 0,0821 0,243837244 4,1413 
        Innovativeness -> BPMat 0,4143 0,4398 0,0688 0,156434743 6,0189 
Innovativeness -> Performance 0,1056 0,129 0,0567 0,439534884 1,864 
                Region -> BPMat 0,1062 0,1081 0,0909 0,840888067 1,1685 
        Region -> Performance 0,0271 0,0307 0,0318 1,035830619 0,8503 
                  Size -> BPMat 0,0809 0,0828 0,0949 1,146135266 0,8533 
          Size -> Performance 0,0206 0,0241 0,0303 1,257261411 0,6819 
 

Table 6.1: Bootstrapping results, total effects and significance statistics  

Where: OS=Original sample (estimated path coefficient), SM=sample mean (of the new replications), STD ERR: 
standard deviation, T statistic = T-value of the relation (using the Student-t distribution). 
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6.1 Hypothesis testing 

Testing the hypotheses at the 5%, the 1% and the 0.5% significance level, we found four 
statistically significant relations: (1) business process maturity has a significant positive relation of 
0.255 on performance (T>1.658, α=0.05, 119 degrees of freedom) (2) duration has a significant 
positive relation of 0.34 on a the company’s size (T>2.358, α=0.01, 119 degrees of freedom), (3) 
Innovativeness has a significant positive relation of 0.4143 on business process maturity 
(T>3.373, α=0.005, 119 degrees of freedom) and finally (4) Innovativeness, via business process 
maturity, has a significant positive relation on performance (T>1.658, α=0.05, 119 degrees of 
freedom). 

Furthermore, although generally considered of low predicting value, at the 10% significance level 
we found a significant positive relation between duration and business process maturity 
(T>1.289).  
 
The relationships we found are depicted in figure 6.2. Since we found a significant positive 
relation between business process maturity and performance, our first research hypothesis (H1) 
has been confirmed. We found a very weak and above all, non-significant relation between a 
company’s size and its process maturity level. Therefore, we reject our second research 
hypothesis (H2) which states that larger companies have higher business process maturity levels. 
On the contrary, the most interesting result is linked to our third research hypothesis: instead of 
having our third hypothesis confirmed, we found that the opposite holds true (i.e. instead of 
accepting the hypothesis that more innovative organizations have less mature business processes, 
we found a very strong and significant positive relation between innovative organizations and 
higher business process maturities). Moreover, we even found a significant positive relation 
between innovative organizations and good business performance, while this was not one of our 
hypotheses. When formulating hypotheses 1 and 3, we implicitly stated that more innovative 
organizations have less mature business processes and therefore have a weaker business 
performance (a negative relation between innovativeness and performance together with a 
positive relation between business process maturity and performance implies a  negative relation 
between innovativeness and performance). Surprisingly, we again found the opposite holding 
true.  
 
The relationship between the country of origin of an organization and its business process 
maturity seemed non-significant, lacking evidence that German organizations comprise more 
maturity business processes then Dutch organizations. Consecutively (at a 5% significance level), 
we found no significant relation between the years of existence of an organization and its 
business process maturity level. When we allow a 10% significance level, however, this relation 
becomes statistically significant, supporting evidence for our fifth and last hypothesis.  
 
Although not an objective of this research, it would be interesting to also assess the relation 
between the total years of existence of an organization (‘duration’) and its innovativeness. We 
found a significant positive relation between innovativeness and BPMat and (at a 10% 
significance level) a positive relation between ‘duration’ and BPMat. It raises the question 
whether organizations become more innovative or less innovative as they exist longer. Assessing 
this belief using PLS, we see that there is a strongly negative relation between ‘duration’ and 
‘innovativeness’ (-0.199) and that this relation is statistically significant using the bootstrapping 
procedure (T>1.658, α=0.05). The results imply that organizations become less innovative as 
they exist longer. 
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Figure 6.2: Research model with relations; n.s. = non-significant, (1) at p < 0.05, (2) at p 

< 0.01, (3)at  p < 0.005, (4) at p < 0.10. Mxx represents the 15 indicator variables as 

described in the plain solution. 

6.2 Moderator effects analysis 

We can check whether the company size moderates on the relation between business process 
maturity and performance. Intuitively it is quite conceivable that the relation between a higher 
process maturity and performance is stronger for small companies (note that this implies a 
negative moderator/interaction effect), as the performance of smaller companies is more 
sensitive to changes in its operations. Although we found that that  ‘size’ negatively affects this 
relation (effect: -0.609), it appeared not to be statistically sound (i.e. non-significant)2. We 
replicated the procedure for the variable ‘duration’. Again, it is intuitively conceivable that the 
relation between process maturity and performance is stronger for companies that exist longer, as 
older companies (as we have seen, ‘older’ companies have more mature business processes) tend 
to have more complex and extensive processes. Changes in the maturity of these processes are 
expected to have more impact on performance. Indeed, we found that ‘duration’ positively 
moderates the relation between BPMat and performance (effect: 0.226), but this result again 
appeared not to be statistically sound (non-significant)3.  

                                                           
2
 Running the Bootstrapping procedure (running 1000 cases) for this the moderator Size*BPM resulted in a T-value 

of 0.8282, indicating non-significance. The graphical result of this procedure (as represented in the PLS model) is 
depicted in the appendix of this text. 
 
3
 Running the Bootstrapping procedure (running 1000 cases) for this the moderator Duration*BPM resulted in a T-

value of 0.2231, indicating non-significance. The graphical result of this procedure (as represented in the PLS model) 
is depicted in the appendix of this text. 
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6.3 Validation with the bootstrapping procedure 

From table 17, we conclude that the SM (of the newly generated replications with the 
bootstrapping procedure) do not differ much from the original estimated path coefficients. 
Furthermore, the standard deviations of the obtained relations from the new replications are 
fairly small. An acceptable threshold for the standard deviation is that the standard deviation of 
the new replications should not be more than 2 times the mean of the estimations. Conclusively, 
for all the relations this threshold has not been exceeded. We therefore conclude that this model 
performs well at predicting, at least for our validation replications.  

6.4 Goodness of Fit (GoF) of the model 

To calculate the Goodness of Fit (GoF) of the model, we need to calculate the geometric mean 
of the average communality and the average R2-. This results in the following calculation: 
 

�[(0.5364 + 1 + 0.8388 + 0.8012 + 1 + 0.94056 ) × (0.1740 + 0.0650 + 0.11566� )] 
 
= 0.22450. Wetzels et al. (2009) suggest this is about a medium goodness of fit.  
This result proves that our model fits the data rather well. 
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7. Discussion 

In this section, we will discuss the results of the hypotheses testing as described in the previous 
section. Table 7.1 presents a brief overview of the results: 
 
Hypothesis Accepted? Significance level Note 

H1 Yes 0.05 
H2 No 0.05 
H3 No 0.05 Opposite proved significant 
H4 No 0.05 
H5 Yes 0.10 Significance level generally considered high 

 
Table 7.1 Overview of the hypotheses 

 
We will assess all the relations separately and will discuss to what extend the results of the 
previous analysis can be linked to what is known in the academic literature. 

7.1 Discussion of the 1st hypothesis 

The acceptance of our first hypothesis is in line with preliminary research; consider for example 
McCormack et al. (2009) who quote that a higher maturity level induces better business 
performance via a better control of results, improved forecasting and a greater effectiveness in 
reaching defined goals. A comparable result has, for instance, been put forward by Fisher (2004) 
who (amongst others) quotes that as a company advances in one of its process maturity levels, it 
may have the opportunity to gain efficiency, lower costs, improve customer satisfaction, grow the 
top line, and achieve competitive advantage. Based on this preliminary research, we did not 
unsurprisingly find a significant positive relation between business process maturity and business 
performance. On the other hand, as we have seen, these statements in the literature mostly rely 
on qualitative research or case studies and have not been validated in practice or with empirical 
research. Compared to other quantitative/empirical studies, we are not unsurprised by the 
significant positive relation. Still, there are subtle differences. The studies we enumerated in the 
section on scholarly literature, measured aspects of business performance (such as cycle time, 
efficiency and product quality) rather than measuring general company performance. Consider 
for example Harter et al. (2000), who have measured the effect between process cycle times, 
output quality, effort and a higher process maturity level.  
The proven relation between a higher process maturity level and ‘general’ performance is novel. 
We have quantitatively supported the notion (Davenport, 2005) that processes’ maturity levels 
have implications for the overall performance of organizations. Furthermore, the relation 
between business process maturity and performance turned out to be 0.255, implicating that an 
increase in process maturity by 1 ‘unit’ results in a 0.255 unit increase in performance. If we take 
our 5 levels of business process maturity for granted and assume that the effort from moving 
from level to level is the same, this would imply the following result: and advancement from level 
1 to level 2 (a 100% increase), leads to a 25.5% increase in performance. From level 2 to 3 (a 50% 
increase) leads to a 12.75% overall performance increase. From 3 to 4 a 8.49% and finally from 4 
to 5 a 6.375% increase in overall performance. The marginal performance increase from a higher 
maturity level is decreasing. The largest gains are hence to be realized at the lower maturity levels; 
moving from level 1 to level 2 results in larger gains in performance than moving from level 4 to 
5. The question is, however, to what extend other factors play a role.  
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In our research design, we have not taken into account that an advancement in a process maturity 
level could also require a significant investment of resources. This considerable investment could, 
in the short term, outbalance performance gains.  
The fact that the strength of the relation is 0.255 (and not a robust 0.80, for example) could be 
related to the argument that has already been put forward by Hersleb et al (1997): increased 
process maturity, when this leads to processes that leave little room for flexibility, can also 
increase process rigidity and as a consequence diminish the ability to adapt. Too rigid processes 
therefore can diminish an organization’s performance, weakening our relation. A similar notion 
has already been described by Adizes ‘Major Organizational Activities’ model: Adizes warns that 
as an organizations advances through its development stages (which we earlier classified as life 
cycle stages), ‘thick organizational boundaries’ can arise, causing an increasing loss of touch with 
the environment. The latter is supposed to affect performance negatively. This belief, however, 
has not been taken into account in our research and is a field that we select to be of interest for 
future research. 
Next, while evaluating the plain solution on its quality criteria, we saw that the R-squared of the 
‘performance’ construct in the PLS model was low in absolute terms. This is, obviously, 
expected. In this research, the only factor that is directly linked to performance is business 
process maturity. It turned out that, although we found a significant positive relation, the 
organization’s maturity level (not: also linked with innovativeness in the model, which also 
contributed to the R-squared of ‘performance’) is just one element determining overall 
performance. Other factors, such as the macroeconomic climate, the marketing strategy and 
other extraneous variables for instance, will also likely influence overall performance.  

7.2 Discussion of the 2nd hypothesis 

Our second hypothesis was that larger companies tend to have higher business process maturity 
levels. The relation between a company’s size and its process maturity level, however, appeared 
substantially weak and non-significant, meaning that there is no difference in process maturity 
levels for large or small firms. First, this finding may be the consequence of our research design 
and the data characteristics. The survey has mostly been sent to small and medium sized 
enterprises, diminishing the variance within the ‘size’ construct and ‘flattening out’ relations. 
Another, more plausible explanation could be: large and small companies invest equally in 
processes. Third, it could be that some very small companies have mature business processes 
(their small size and ‘short lines’ allows the management to execute direct [statistical] control over 
business processes and to experiment actively with other process layouts) while at the same time 
large companies are also skewed towards higher process maturity levels (larger companies could 
need more professionalized and standardized processes, because they could otherwise become 
‘messy’). This intuitive explanation has been confirmed by one of the participants of the survey, 
who has formulated: “We are a startup and hence a small company. Yet, we have very direct 
control over our business processes and can control our processes actively, just because our small 
size makes this possible”.  

7.3 Discussion of the 3rd hypothesis 

The most surprising and probably the most interesting result of our analysis is that our third 
research hypothesis has been rejected. More importantly: the opposite of our third hypothesis has 
been proved to be valid. Instead of finding that innovative organizations have less mature 
business processes, we found that innovative organizations have higher process maturities and 
that there even is a significant positive relation between innovativeness and performance. To start 
with the latter; the notion that innovative organizations have higher business performance is 
plausible.  
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Already in the 1940s, Joseph Schumpeter, put forward that innovative organizations would 
outperform ‘conservative’ ones that do not innovate in his theory of “creative destruction” 
(Schumpeter, 1942). Similar results have also been described by numerous scholars in the “neo-
Schumpetarian tradition”. There exists wide academic consensus that an organization’s 
innovative capability determines its (financial and non-financial) performance. An extensive 
overview of this literature has been given by Cohen (2010): “Fifty years of empirical studies of 
innovative activity and performance”. Thornhill (2005), for instance, has in an empirical study of 
845 Canadian firms showed that “innovative firms are likely to enjoy revenue growth, irrespective 
of the industry in which they operate”. A similar result has been described by  Bloom and Van 
Reenen (2002): patents (through more innovation) contribute significantly to firm level 
productivity and its market value.  
 
The significant and strongly positive relation (0.414) between the innovativeness of an 
organization and its performance is less plausible, since it is conflicting with our rational 
arguments constituting our third hypothesis. A possible explanation for this unexpected result 
can be found in Clark, Henderson, Mansfield, Mowery, Nelson et al. (1991). These authors 
emphasize the role of organizational and procedural capabilities (consider our business process 
maturity!) in conditioning the R&D productivity of organizations. In their view, organizations 
may pursue innovative activities, but some are more successful than others in either generating or 
profiting from innovation because of a superior organization of internal processes. A superior 
organization of processes is directly linked to a higher business process maturity level. Having a 
higher (“superior”) maturity level would hence imply more innovation generating success. 
Although we find there is still much room for discussion, the latter provides one explanation for 
our finding.  Another explanation could be that when an organization is very innovative, it tries 
to maximally gain from the innovation benefits (such as first mover advantages) by adopting a 
series of standardized, measured and controlled production and development processes. 
Reasoning this way, the organization could avoid ‘messing around’ with valuable innovative ideas, 
wasting time and capital because of immature processes.  
 
It would now be interesting to evaluate whether our data also supports the notion the other way 
around, i.e. that organizations with more mature processes also give rise to more innovation. 
Testing this belief empirically with PLS supports this fact: there is a positive significant (at 
p<0.01, for significance testing we again used the Bootstrapping procedure) relation of 0.383 
from business process maturity on innovativeness. This relation, as estimated with PLS, is 
presented in the appendix of this text. This finding is consistent with similar analysis by Brenner 
& Tushman (2001) who found that increased routinization associated with process management 
leads to increases in [exploitative technological] innovation. A similar proposition could also be a 
possible explanation for this relation between process maturity and innovativeness: Humprey 
(1987) states that a high process maturity leads to the continuous improvement of processes 
(which is related to a continuous process innovation). 
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7.4 Discussion of the 4rd hypothesis 

We found no sound evidence for our fourth hypothesis; German organizations do not have 
‘more mature’ business processes than Dutch organizations Although we would have expected 
otherwise, we are not totally surprised by the result. Germany and the Netherlands are 
neighboring countries and their respective economies are substantially interrelated (24.3% of the 
total Dutch export value is exported to Germany, CBS Statistics). Based on this fact, we would 
not expect a significant difference in business process management and organization. 
Furthermore, except for Hofstede (1980), we found no direct investigations of differences 
between the Dutch and German way of managing and organizing processes in the scholarly 
literature. This suggests that differences, when it comes to managing processes, could be only 
marginal (since it has not even been investigated scientifically). 

7.5 Discussion of the 5th hypothesis 

Our last hypothesis has been rejected at the 5% significance level, yet has been accepted at a 10% 
significance level (although this level is generally considered too high). Apparently, there is a 
relation between the years of existence and the business process’ maturity. On the other hand, 
this relation is relatively weak with a path coefficient of only 0.103. One can therefore say that, as 
companies exist longer, their processes become more mature but this evolution happens rather 
slow (which even ironically makes sense: becoming mature, in plain English, is linked to 
becoming older). 
 
Finally, even though this was not a research hypothesis by itself, at a significance level of 1% we 
found a very strong positive relation between ‘duration’ (i.e. the years of existence) and the size 
of a company. This link between the ‘duration’ and the company’s size is quite logical: as a 
company exists longer (assuming beneficial conditions), it is expected to grow in terms of 
employees and revenues.  
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8. Conclusion, recommendations limitations and 

future research directions 

In this section, the main conclusions of our empirical research will be presented and we will 
discuss the generalizability of the results. Next, we will address limitations of this study and assign 
possible directions for future research. 

8.1 Main findings 

First, we have studied empirically the relations between process maturity levels, innovativeness, 
size, the country of origin, the total years of existence and overall performance. For this purpose, 
we surveyed 120 Dutch and German organizations in the manufacturing and R&D industry. Our 
analysis suggests, most importantly, that there is a significant positive relation (0.2550) between 
an organization’s business process maturity level and its overall performance. Higher process 
maturity levels (which can be classified into 5 subsequent levels: initial, repeatable, defined, 
managed and optimized) are hence associated with better performance. Organizations would 
therefore benefit investing in professionalizing business processes to match the criteria that 
comprise a corresponding higher process maturity level.  
 
Secondly, we conclude that processes of organizations that can be classified as ‘innovative’ are 
more ‘mature’: we found a substantially strong positive effect (0.4143) of the ‘degree of 
innovativeness’ of the organization involved on its business process maturity level.  
Moreover, since we found this positive relation, we also found a significant positive effect 
(0.1056) of the degree of innovativeness on the overall performance of an organization, 
suggesting that innovative organizations perform better than comparable ones that cannot be 
classified as innovative. This link can be explained, because innovativeness leads to higher 
maturity levels, which consecutively leads to higher performance. This implies that organizations 
that are innovative have more mature business processes. Clearly, an innovative environment is a 
catalyst for the process’ maturity and ultimately for performance. It would therefore be 
recommended to align the innovation strategy with operational decision about the internal 
processes to enhance overall performance. 
 
Third, though unsurprisingly, we found a significant positive effect (0.3400) of the total years an 
organization exists and its size, meaning that organizations grow as they exist longer. 
Furthermore, at a 10% significance level, we found a positive effect (0.1301) of the total years of 
existence on its business process maturity, suggesting that organizations invest resources over 
time to increase their process maturity. 
 
Fourth, found no evidence that larger companies have more mature business processes than 
smaller companies and we found no sound evidence that German companies employ more 
mature business processes than Dutch companies. 
 
8.2 Generalizability and contributions of this study 
The survey data has been obtained from a sufficiently large sample size of organizations (120 
organizations), comprising multiple industries, which implies that the results are not biased by 
one industry. On the other hand, we have not investigated directly the services industry, limiting 
the generalizability to the manufacturing/production industries. The generalizability of this 
research is two-fold: first, we consider the operationalization of the BPMat construct, 
innovativeness, size and performance as generalizable. The questions to measure these constructs 
are independent from country to country as well as from industry, neither are the questions 
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directly aimed for conducting (case) research for just one company. We therefore expect that our 
measurement scale can be applied usefully in other business process research contexts. Secondly, 
the results by itself (as discussed in the ‘discussion section’ and as enumerated in the conclusion 
section) can be generalized at least to the industries we investigated and in the countries we 
investigated). I.e., the results could at least be generalized to manufacturing (mechanics, 
electronics, etc.) and R&D industries (company size is irrelevant, since we covered many 
organizations of different sizes). Note that (because of cultural differences), our results might be 
biased towards Western-Europe: one should therefore be careful generalizing the results to 
organizations in other parts of the world. 
 
Our study makes several significant contributions to business process research, business process 
management research and practice. A primary contribution is the rigorous empirical examination 
of the effect of process maturity levels on general business performance and the integral analysis 
of the role of innovativeness, size and age of organizations. These relations have not been 
examined quantitatively in an empirical setting before. Another contribution is the examination 
of the role of ‘innovativeness’, the size of a company and the total years of existence on its 
process maturity level. The innovativeness construct has in the preliminary research been linked 
to performance, but not to process maturity.  

8.3 Recommendations 

This research does not only make a valuable contribution to the existing literature, it can also be 
useful for business executives. To enhance general business performance we recommend 
business executives to consider the following measures: 
 
1) Invest in obtaining a higher business process maturity, since it will contribute to overall 
business performance. The questions presented in section 4.2 can be used as a checklist to 
enhance process’ maturities. Based on this checklist, an organization should for instance: 

� Impose formal methods/procedures for business procedures/processes 
� Impose and measure quantitative/statistical objectives and goals for processes and 

measure these criteria consistently 
� Manage and measure processes according to predefined standards. Use the feedback 

from these measurements to improve procedures and set quantitative improvement goals. 
� Reorganize processes when goals are consistently not met and experiment with new 

process lay-outs parallel to executing existing processes 
2) Invest similarly in the innovative capability of the organization, since it is associated with a 
higher business process maturity, but moreover associated with a better overall performance. 
Again, the operationalization of the innovativeness construct (as described in section 4.2) could 
be used as a ‘checklist’.  

8.4 Limitations  

Limitations are inevitably linked to empirical research. The first limitation of this study is a direct 
consequence of its empirical nature. When operationalizing the constructs ‘performance’ and 
‘innovativeness’ we expected a low response rate of the survey (we inspected previous empirical 
research and heard experiences from other graduate students, which indicated that a response 
rate of 5-10% would not be uncommon). We furthermore noticed that organizations received 
numerous invitation to participate to surveys (albeit online or ‘paper based’), a notion that was 
confirmed later on by a substantial amount of organizations that replied (more or less): “Thank 
you for your invitation, but unfortunately- due to the large amount of invitations to fill-out 
surveys we receive on a weekly basis- we cannot devote time to your research”. We assumed that, 
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if we were about to ask for all too direct quantitative and sensitive data (‘performance’ data in 
particular), very few companies would be willing to fill-out the questionnaire. For this reason 
(and since our timeframe and resources did not allow to visit companies personally to rate its 
performance based on previously specified performance indicators), we decided not to ask 
directly for quantitative performance data. Hence, no questions such as “How large was your 
profitability ratio?”, or “What was the return on investment over the previous year?”. Instead, we 
asked the participants to rate their performance themselves on a 5-point Likert scale. Although 
this is also a valid way of conducting research (notice that other authors have also used similar 
methods), this is a point in which this research lags. A comparable situation holds for the 
‘innovativeness’ construct. We did not use questions on, for instance, the exact number of 
patents registered the previous year or the number of new products marketed or the direct 
investment costs in process innovations. The consequence of the low response rate is the 
likelihood of ‘participation bias’ because of the low response rate to the survey. The response rate 
of 6.50 percent (which is rather low in absolute terms, but nowadays considered normal for 
empirical business research), increases the likelihood that the participants to the survey belong to 
a certain group or disproportionally possess certain common characteristics (inducing a 
nonrandom sample). It may, on the other hand, also be the case that the other 93.5 percent of the 
invited companies have one or more common characteristics that induced them not to fill out the 
survey. The non-participating 93.5 percent of the invitees could for instance be very innovative, 
but yet have very little time to fill-out our survey because they were spending all their time on 
making the processes less mature and more flexible, because they believe high process maturity 
alters their ability to innovate negatively. As one can imagine, such a hypothetical bad-case 
scenario would have seriously affected the validity of our results. Participation bias does not show 
up in the results explicitly and cannot be seen from our results, we however need to keep in mind 
that our low response rate at least could have increase the likelihood of participation bias. 
 
Second, regarding business process maturity levels, this study has not taken into account the 
costs associated with transforming processes to a subsequently higher maturity level. One may 
for instance need to invest in extra employees and software to manage process performance 
(output) statistically and to control variation (as operationalized for level 4). This investment 
might, at least in the short term, outbalance the overall performance gains, since it may decrease 
profitability. When analyzing the relation between a company’s maturity level and its 
performance, these cost have not been taken into consideration. 
 
A third limitation of this study is that it has not been devised in a longitudinal nature. We have 
therefore not detected a time lag in the effects and have not tested whether the relations between 
the constructs in the model are consistent over time.  
 

8.5 Future research directions 

A first interesting research direction would be to conduct a sensitivity analysis as to what extend 
imposing standardized and predefined procedures/processes (or getting more mature processes 
in general) affect the performance of the whole organizations. One should analyze to what 
extend the effect on performance varies when these standardized and predefined 
procedures/processes are imposed on one process within the organization, on the most crucial 
processes, on the critical path or on all defined processes. This would yield insight into how 
exactly performance is affected, its variation and by which processes specifically. 
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Secondly, as we have described earlier in the discussion section, higher level mature processes 
may also increase process rigidity (when this leads to processes that leave little room for 
flexibility, because the process management is following predefined standards very strictly and 
does not use feedback from the statistical process performance as input for process adaptations 
and improvements). An interesting research direction is to investigate quantitatively as to how 
and to what extend a higher process maturity may induce process ‘rigidity’ and affect overall 
performance.  
 
Thirdly, we used Hofstede’s model (1980) in our argumentation of the fourth hypothesis (namely, 
that German organizations would employ more mature processes than Dutch organizations). We 
hypothesized that, since Germany has a higher scoring on the ‘uncertainty avoidance’ index in 
Hofstede’s model than The Netherlands, German companies would employ more mature 
processes than Dutch companies. One can also use this way of reasoning as input for future 
research: instead of comparing two countries, one could investigate whether companies that are 
based in countries that score high on ‘uncertainty avoidance’ in general have more mature 
business processes. For the Netherlands and Germany, we found no significant differences, but 
this does not imply that this result holds for all countries. We suggest to use difference-in-
differences approaches (an econometric technique, see Boeri & Van Ours, 2010) for this 
comparison. 
 
A final, and rather straightforward future research direction would be to replicate this research to 
test whether our results are consistent over time. One could also test the validity of this research 
in [a number of] case studies. 
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Appendices – Index 

         

A1: Snapshot from the CMM’s maturity levels (1) (page 56) 
A2: Snapshot from the CMM’s maturity levels (2) (page 57) 
A3: Survey as used for Dutch organizations (page 58) 
A4: Survey as used for German organizations (page 61) 
A5: Discussion of normal distribution of the data (page 64) 
A6: Results of the Kolmogorov-Smirnov Test / Shapiro-Wilks test (page 65) 

A7: Standardized Skewness/kurtosis for normality tests (page 66) 

A7: Graphical results from the Bootstrapping procedure for the ‘Plain Solution’ (page 67) 

A9: PLS path coefficients for the ‘other way around’ relation between BPMat and 
innovativeness (page 68) 

A10: Graphical results from the Bootstrapping procedure, for moderator ‘size’ (modeled as 
BPMat*Size) on the relation BPMat and performance (page 69) 

A11: Graphical results from the Bootstrapping procedure, for moderator ‘duration’ (modeled as 

BPMat*duration) on the relation BPMat and performance (page 70) 
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A1. Snapshot (1) from the CMM model, Humprey (1987, p8): 
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A2. Snapshot (2)  from the CMM model, Humprey (1987) 
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A3: Survey in Dutch (note: not in original online lay-out) 
 
Algemene vragen en vragen over bedrijfsgrootte 
 
1)  In welke branche opereert uw bedrijf? Klik op de branche met welke u uw bedrijf het 

meest identificeert: 
N.B. Indien u werkzaam bent voor een groot bedrijf met meerdere verschillende 
productdivisies, wordt u bij deze vraag verzocht de branche van uw divisie te selecteren. 

 
2) Hoeveel medewerkers telt uw bedrijf? 
3) Hoe hoog was de omzet afgelopen jaar ongeveer? 
3) Zou u uw bedrijf als klein, middelgroot of eerder als groot omschrijven? 
4)  s uw bedrijf beursgenoteerd? 
5) Hoe lang bestaat uw bedrijf al? 
 
Regio/Land 
 
6 In welk land is uw bedrijf opgericht? 
7) Het management van dit bedrijf is: 
 
Business Process Maturity 
 
De volgende vragen betreffen de organisatie van uw bedrijfsprocessen. Er wordt gedoeld 
op bedrijfsprocessen in het algemeen: van erg mechanisch en relatief grootschalig (bijv. 
het assembleren van een machine) tot het bijhouden van de administratie. 
 
Geef s.v.p. aan in welke mate u het eens bent met de volgende stellingen met betrekking 
tot uw bedrijf. 
 
1= helemaal mee oneens, 5= volledig mee eens 
 
8) Formele procedures voor het uitvoeren van taken bestaan niet in dit bedrijf 
9) Als formele werkmethoden/procedures zijn vastgelegd, worden deze echter zelden 

precies nagevolgd 
10) In ons bedrijf voert iedereen het werk uit op zijn/haar eigen manier, m.a.w. iedereen heeft 

zo zijn eigen methoden 
 
11) Aan het begin van een nieuw project/opdracht, maken we bindende afspraken over welke 

(werk)methoden en technieken we zullen gebruiken voor het betreffende 
project/opdracht 

12) Als we zulke afspraken maken, worden ze gedocumenteerd, zodat een nieuw project op 
dezelfde manier kan worden uitgevoerd op een ander tijdstip 

13) Wij gebruiken actief plannings- en management procedures om individuele variatie bij 
projecten/opdrachten te verminderen 

 
14) Werkmethoden en procedures zijn gestandaardiseerd binnen onze gehele onderneming 

(dus voor alle afdelingen) 
15)  Prestatiedoelen zijn vastgelegd voor onze gehele onderneming 
16)  Werkmethoden en procedures zijn zo gedefinieerd dat ze door verschillende teams 

kunnen worden uitgevoerd 
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17) De prestatie wordt actief statistisch gemeten (bijv. door het bijhouden van KPI's) om 
inzicht te krijgen in de prestaties en de variatie 

18) Taken worden zo gemanaged, dat ze aan vooraf vastgelegde statistische prestatiecriteria 
voldoen 

19) Als de prestatie niet voldoet aan de vastgelegde standaarden, wordt ingegrepen om ze te 
laten voldoen aan statistische doelen 

 
20) Ons bedrijf begrijpt interne kritische problemen en bedreigingen, vooral doordat men 

terugkoppeling gebruikt van statistische prestatiemetingen 
21) Ons bedrijf stelt zich statistische verbeteringsdoelen om voortdurend 

taken/arbeidsmethoden te kunnen reorganiseren 
22) In de praktijk experimenteert ons bedrijf voortdurend met nieuwe ideeën en 

technologieën, met als doel processen te verbeteren 
 
Innovativiteit 
 
De volgende vragen gaan over de innovativiteit van uw bedrijf. We willen graag weten of 
u uw bedrijf eerder als 'innovatief' of eerder 'behoudend' beschouwt. Uiteraard is hierbij 
geen sprake van goed of slecht. 
 
Geef s.v.p. aan in welke mate u het eens bent met de volgende stellingen met betrekking 
tot uw bedrijf. 
 
1=helemaal mee oneens, 5= volledig mee eens 
 
23) Ons bedrijf is innovatiever dan andere spelers wat betreft het kiezen van werkmethoden 
 en technieken 
24) Ons bedrijf is innovatiever dan andere spelers wat betreft het ontwikkelen van nieuwe 

producten, systemen of diensten 
25) Ons bedrijf is innovatiever dan andere spelers wat betreft het ontwikkelen van strategie 

en tactiek 
26) Ons bedrijf is innovatiever dan andere spelers wat betreft het implementeren van nieuwe 

managementtechnieken 
27)  Beschouwt u uw bedrijf, in het algemeen, eerder als innovatief of als conservatief? 
 
Prestatie 
 
De volgende vragen betreffen de prestatie van uw bedrijf. Er wordt niet naar cijfermatige 
data gevraagd. We zouden graag willen weten hoe u de prestatie van het bedrijf 
beoordeelt. We vragen u zo objectief mogelijk te antwoorden. 
 
28) Hoe beoordeelt u de prestatie van uw bedrijf (in het algemeen) over afgelopen 

kalenderjaar? (1= zeer slecht, 5= zeer goed) 
29) Heeft uw bedrijf afgelopen kalenderjaar de prestatiedoelen bereikt? N.B. bijv. 

omzet/winstdoelstelllingen, uitbreiding marktaandeel, etc. (1= doelen absoluut niet 
bereikt, 5= doelen ruimschoots bereikt) 

30) Hoe beoordeelt u de prestatie van uw bedrijf vergeleken met de concurrentie? (1=veel 
minder, 5= veel hoger) 

31)  Hoe beoordeelt u de winstgevendheid van uw onderneming vergeleken met de 
concurrentie? (1= veel minder, 5= veel meer) 
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32) Vergeleken met de concurrentie hebben wij onze doelen als volgt bereikt: (1= veel 
slechter, 5= veel beter) 

33) Vergeleken met onze doelen/eisen, was de kwaliteit van onze producten of diensten 
afgelopen kalenderjaar: (1= veel minder dan verwacht, 5 = veel beter dan verwacht) 

 
Afsluitende vragen 
 
34) U bent bijna klaar met de enquête. Heeft u nog op- of aanmerkingen? 
35) Wilt u nog uw persoonlijke e-mailadres achterlaten, zodat wij u later kunnen bereiken? 
 
Klik op de 'volgende' pijltjes, de enquête zal dan beëindigd zijn. 
 



61 

 

A4: Survey in German (note: not in original online lay-out) 
 
Allgemeine Fragen und Fragen über Betriebsgröße 
  
1) In welchem Industriebereich ist Ihr Unternehmen aktiv? 

Wählen Sie den Industriebereich aus mit dem Sie Ihr Unternehmen am stärksten 
identifizieren: N.B. Wenn Sie in einem Unternehmen arbeiten mit mehrere Divisionen 
(Produktbereiche), wählen Sie dann in welchem Industriebereich Ihre Division aktiv ist. 

 
2) Wie viele Mitarbeiter hat Ihr Unternehmen? 
3) Wie hoch ungefähr war der Jahresumsatz Ihres Unternehmens im letzten Jahr? 
4) Geben Sie bitte an, was auf Ihr Unternehmen am besten zutrifft; Unser Unternehmen ist: 
5) Ist Ihr Unternehmen börsennotiert? 
6) Wie lange besteht Ihr Unternehmen bereits? 
 
Region/Land 
7) Wo ist Ihr Unternehmen gegründet worden? 
8) Die Geschäftsführung Ihres Unternehmen ist: 
 
Business Process Maturity 
 
Die nächsten Fragen betreffen die Führung und Organisation Ihrer Geschäftsabläufe. 
Bitte geben Sie an, inwiefern jede Frage auf Ihr Unternehmen zutrifft. 
 
1=trifft überhaupt nicht zu, 5=trifft völlig zu 
 
9) Es existieren keine formalen Verfahrensweisen für die täglichen Geschäftsabläufe 
10) Wenn formale Verfahrensweisen festgelegt sind, werden diese eher selten eingehalten 
11) In unserem Unternehmen macht jeder die Arbeit auf seine eigene Weise, mit anderen 

Worten: jeder hat seine eigenen Methoden 
 
12) Wenn ein Projekt beginnt, treffen wir klare Vereinbarungen darüber, welche Methoden 

und Techniken wir anwenden werden 
13) Vereinbarungen über Arbeitsmethoden werden bei uns dokumentiert/festgelegt, damit 

die Arbeit auf dieselbe Weise ausgeführt werden kann, jedoch zu einem anderen 
Zeitpunkt 

14) Wir wenden Planungs- und Managementverfahren an, um die individuelle Variation 
kontrollieren zu können 

 
15) Arbeitsmethoden sind standardisiert für das gesamte Unternehmen 
16) Die Arbeitsmethoden und Leistungsziele sind klar dokumentiert/festgelegt für das 

gesamte Unternehmen 
17) Geschäftsabläufe sind so definiert, dass sie von verschiedenen Teams/Abteilungen auf 

dieselbe Weise ausgeführt werden können 
 
18) Leistungen werden statistisch evaluiert (z.B. durch das Messen von ‚Key Performance 

Indicators‘), um die Leistungsfähigkeit nachzuvollziehen und Variationen zu kontrollieren 
19) Prozesse werden so geführt, dass die vereinbarten Leistungs- und Qualitätsziele erreicht 

werden (wenn Sie normalerweise keine Leistungsziele vereinbaren, wählen Sie dann '1') 
20) Wenn unsere Prozesse nicht den zuvor festgelegten Standards entsprechen, werden sie 

korrigiert bzw. angepasst, um die statistischen Ziele zu erreichen 
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21) Unser Unternehmen erkennt die kritischen Bereiche im Unternehmen, indem die 

Ergebnisse von Leistungs- und Qualitätsmessungen ausgewertet werden 
22) Unser Unternehmen setzt sich quantitative/statistische Verbesserungs- 

Optimierungsziele, um Prozesse stets umgestalten zu können, wenn dies nötig oder 
erforderlich ist 

 
23) Wir experimentieren stets mit neuen Ideen und Techniken um unsere Abläufe zu 
 verbessern/zu optimieren 
 
Innovativität 
 
Die nächsten Fragen betreffen die Innovativität Ihres Unternehmen. Wir möchten gern 
wissen ob Sie das Unternehmen durchaus als 'innovativ' oder eher als 'konservativ' 
beschreiben würden. Selbstverständlich geht es hier nicht um gut oder schlecht. 
 
Bitte geben Sie an inwiefern jede Frage auf Ihr Unternehmen zutrifft. 
 
1=trifft überhaupt nicht zu, 5=trifft völlig zu 
 
24) Wir sind innovativer als unsere Mitbewerber, eine Auswahl von Arbeitsmethoden zu 

treffen, die zum Erreichen unserer Ziele führen 
25) Wir sind innovativer als unsere Mitbewerber, indem wir neue Produkte und Systeme 

entwickeln oder anwenden 
26) Wir sind innovativer als unsere Mitbewerber, was die Entwicklung von neuen Strategieen 

und Taktiken betrifft 
27) Wir sind innovativer als unsere Mitbewerber, indem wir neue Führungs- und 

Organisationstechniken initiieren 
28) Bitte geben Sie an, ob Ihr Unternehmen allgemein innovativ oder eher konservativ ist: 
 
Ergebnisse/Leistung 
 
Die nächsten Fragen betreffen die Leistung Ihres Unternehmens. Es werden keine Daten 
abgefragt, nur Ihre Ansicht zu der Leistung Ihres Unternehmens ist wichtig. Antworten 
Sie bitte so objektiv wie möglich. 
 
29) Wie bewerten Sie die allgemeine Leistung Ihres Unternehmens im letzten Kalenderjahr? 

(1= sehr schlecht, 5= sehr gut) 
30) Haben Sie letztes Jahr Ihre Leistungsziele erreicht? z.B. Umsatz/Gewinnoptimierung, 

Zunahme des Marktanteils, usw. (1= Ziele überhaupt nicht erreicht, 5= Viel bessere 
Leistung als Ziel) 

31) Bewerten Sie die Leistung Ihres Unternehmens im letzten Kalenderjahr im Vergleich zu 
Ihren Mitbewerbern in der Branche: (1= deutlich schlechter, 5= deutlich besser) 

32) Bewerten Sie den Umsatz/Gewinn Ihres Unternehmens im Vergleich zu Ihren 
Mitbewerbern in der Branche: (1= deutlich schlechter, 5=deutlich besser) 

33) Verglichen mit unseren Mitbewerbern erreichen wir unsere Leistungsziele: (1= deutlich 
schlechter, 5= deutlich besser) 

34) Verglichen mit unseren Zielen, ist die Qualität unserer Produkte/Dienstleistungen: (1= 
deutlich schlechter als Ziel, 5= deutlich besser als Ziel) 
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Abschließens 
35) Sie werden bald diese Umfrage beenden. Haben Sie noch Anmerkungen zu dieser 

Umfrage?  
36) Möchten Sie noch Ihre persönliche E-mail Adresse hinterlassen, damit wir Sie später 

noch erreichen können? Geben Sie bitte Ihre E-mail Adresse ein: 
 
Bitte klicken Sie weiter, Sie werden dann diese Umfrage beenden.
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A5: Testing for normality of the variables 
 
We will first test whether the variables enumerated in section 5.3 follow a normal distribution. 
Several methods exist to test whether the data follows a normal distribution, amongst other 
normal probability plots and histograms with a plotted normal distribution. The latter two 
methods are rather subjective on the one hand, in the sense that no formal cut-off criteria exist 
and that these methods are dependent on the researchers’ examination capability. We therefore 
decide to use two formal criteria to examine whether the variables are normal distributed: the 
Kolmogorov-Smirnov (K-S) test and the Shapiro-Wilks (S-W) test. The results of the K-S and 
the S-W tests are presented in appendix A6 (below). 
Based on the K-S and S-W test, all of our examined variables deviate significantly from normality, 
which could be partially explained by our relatively small sample size. Furthermore, the results of 
the K-S and the S-W test are very sensitive to the measurement scale of the variables. We have 
measured all the analyzed variables on a 5-point Likert scale. This could hence have biased the 
results. 
We will therefore also look at the standardized kurtosis and skewness values of the variables. The 
values of the standardized skewness and kurtosis are presented in appendix A7 (below). 
Many variables have absolute values of standardized skewnesses above 1.96, indicating a 
significant deviation from normality at p<0.05. Fortunately, this is of minor importance. We will 
be analyzing the data using PLS, a method that does not put strict requirements on the deviation 
of the normality assumptions. Besides, the fact that many of our variables deviate from normality 
forms an additional argument to use the nonparametric PLS method. 
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Tests of Normality 

 
Kolmogorov-Smirnov

a
 Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

S1 ,214 120 ,000 ,870 120 ,000 

S2 ,185 120 ,000 ,853 120 ,000 

S3 ,216 120 ,000 ,878 120 ,000 

M11 ,333 120 ,000 ,733 120 ,000 

M12 ,259 120 ,000 ,810 120 ,000 

M13 ,259 120 ,000 ,801 120 ,000 

M21 ,242 120 ,000 ,842 120 ,000 

M22 ,279 120 ,000 ,827 120 ,000 

M23 ,236 120 ,000 ,892 120 ,000 

M31 ,236 120 ,000 ,872 120 ,000 

M32 ,217 120 ,000 ,879 120 ,000 

M33 ,266 120 ,000 ,843 120 ,000 

M41 ,225 120 ,000 ,866 120 ,000 

M42 ,200 120 ,000 ,877 120 ,000 

M43 ,225 120 ,000 ,883 120 ,000 

M51 ,243 120 ,000 ,882 120 ,000 

M52 ,251 120 ,000 ,874 120 ,000 

M53 ,228 120 ,000 ,887 120 ,000 

I1 ,242 120 ,000 ,875 120 ,000 

I2 ,244 120 ,000 ,872 120 ,000 

I3 ,206 120 ,000 ,902 120 ,000 

I4 ,194 120 ,000 ,914 120 ,000 

I5 ,249 120 ,000 ,888 120 ,000 

P1 ,299 120 ,000 ,842 120 ,000 

P2 ,250 120 ,000 ,878 120 ,000 

P3 ,266 120 ,000 ,831 120 ,000 

P4 ,242 120 ,000 ,855 120 ,000 

P5 ,250 120 ,000 ,838 120 ,000 

P6 ,339 120 ,000 ,800 120 ,000 

a. Lilliefors Significance Correction 

 
A6. Results of the Kolmogorov-Smirnov Test / Shapiro-Wilks test. 
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Standardized value Skewness for variable: Standardized value Kurtosis for variable: 
M11: 5.20 M12: 4.14 M11: 0.10 M12: -0.54 
M13: 4.57 M21: -3.96 M13: 0.417 M21: -0.13 
M22: -4.06 M23: -2.24 M22: -0.509 M23: -1.27 
M31: -2.77 M32: -2.09 M31: -1.41 M32: -2.12 
M33: -3.47 M41: -1.22 M33: -1.09 M41: -3.01 
M42: -1.14 M43: -1.95 M42: -2.85 M43: -2.15 
M51: -2.25 M52: -2.43 M51: -1.84 M52: -1.82 
M53: -2.14 I1: -0.91 M53: -1.03 I1: -1.78 
I2: -2.98 I3: -1.43 I2: -0.07 I3: -0.59 
I4: -0.57 I5: -1.83 I4:-1.09 I5: -0.88 
P1: -2.08 P2: 3.59 P1: -0.07 P2: 0.525 
P3: 0.43 P4: -1.49 P3: -0.522 P4: 0.65 
P5: -1.39 P6: -2.31 P5: 0.477 P6: 0.575 
S1: 2.54 S2: 0.805 S1: -1.59 S2: -3.01 
S3: 1.54 S4: dummy S3: 0.689 S4: dummy 
 
A7. Standardized Skewness/kurtosis for normality tests. Absolute skewness values > 

1.96 suggest a deviation from normality (at p< 0.05). 
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A8. Graphical results from the Bootstrapping procedure, values larger than 2.oo generally indicate significant relations at a 5% 

significance level. 
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A9. PLS path coefficients for the ‘other way around’ relation between BPM and 

innovativeness 
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A10. Graphical results from the Bootstrapping procedure, for moderator ‘size’ 

(modeled as BPM*Size) on the relation BPM and performance  
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A11. Graphical results from the Bootstrapping procedure, for moderator ‘duration’ 

(modeled as BPM*duration) on the relation BPM and performance  
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