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I ABSTRACT 

Many organizations have to deal process conformance, especially those operating in highly 

regulated business domains. Even though many causes have been linked to process 

conformance, there still appear to be many more causes that have not been identified. This 

research investigates the relation between BPM capabilities and process conformance. This was 

done by performing process mining to determine the actual process conformance of four 

departments from one high-tech medical device manufacturing company. In addition, an online 

questionnaire measured three BPM capabilities and the perceived process conformance of the 

four departments. Some evidence was found on the positive relation between BPM capabilities 

and actual process conformance. In addition, partial least squares structural equation modelling 

found a positive influence of process culture, a sub-construct of BPM capabilities, on perceived 

process conformance. 
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II EXECUTIVE SUMMARY 

 INTRODUCTION 
The key tool that allows a company to organize activities in the life-cycle of their product are 

business processes (Weske, 2012). Business process management has been a cornerstone in 

enabling companies to benefit optimally from business processes, enabling them to create 

better products and services (Dumas et al., 2018), and increasing productivity (Röder, Wiesche, 

Schermann, & Krcmar, 2015). A critical success factor is the alignment of single business 

processes with the company’s strategy (Rosemann & de Bruin, 2004). In addition, ever since 

awareness of business processes spread, the emergence of workarounds was observed (Alter, 

2013). Misalignment of IS systems is frequently referred to as a major cause of workarounds 

(Drum, Pernsteiner, & Revak, 2017; Yeung, Lapinsky, Granton, Doran, & Cafazzo, 2012). Aligning 

the business processes with the tools, people, and the organization’s strategy is therefore 

crucial, for which an important indication is to measure the as-is situation of the company 

(Becker, Knackstedt, & Pöppelbuß, 2009). Maturity models are a useful tool for this purpose 

(Becker et al., 2009; De Bruin, Freeze, Kaulkarni, & Rosemann, 2005). 

Process conformance is closely related to workarounds, i.e. usually a workaround results in a 

violation of process conformance which can be verified by utilizing process mining (Mannhardt, 

de Leoni, Reijers, & van der Aalst, 2016). Conformance is important for many companies who 

for example have to uphold their industry standards in their production and services. As an 

extension, perceived process conformance reflects the belief of the person who executes the 

process whether he or she executed the process in accordance to the prescribed process 

(Gerber, McDermott, Volkamer, & Vogt, 2016).  

It is important for organizations, particularly those operating in a highly regulated business 

domains, to have an understanding of the factors that relate to or influence the conformance 

level of their process specifications. There are a number of works in the literature on these 

factors, but the interplay between the level of BPM capabilities and process conformance have 

not been investigated. The objective of this research is therefore to investigate the relationship 

between the BPM capabilities and actual process conformance, and the influence of BPM 

capabilities on perceived process conformance.  

 HYPOTHESES 
BPM capabilities provide a reflection of the as-is situation of an organization, and can be used 

as a benchmark to determine the level of business process capabilities (Looy, 2019). The three 

BPM capabilities that were tested in this research were the process lifecycle capability, process 

management capability, and process culture. Having a higher BPM capability is expected to 

result in a higher score for actual process conformance. In addition, there are hints that 

perceived process conformance is an adequate predictor for actual process conformance 
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(Gerber et al., 2016; Zazworka et al., 2010). Therefore, it is expected that a higher level of BPM 

capabilities also results in a higher level of perceived process conformance. 

 RESEARCH APPROACH 
To test the hypotheses, research was conducted at a high-tech medical device manufacturing 

company. Four divisions in this organization have a different complaint handling department, 

located in Europe, Asia, and North-America. These departments execute the same explicitly 

defined business processes, while using the same tool. In essence, most parameters were held 

constant to determine whether differences in workarounds exist across departments, and as an 

extension, differences in process conformance. The actual process conformance was tested by 

using process mining on thousands of cases, whereas the BPM capabilities and perceived 

process conformance were obtained through a survey using Looy's (2019) and Benraad's (2017) 

frameworks respectively. There were 33 respondents in total, which equaled to a participation 

rate of 87% across the departments that participated in the questionnaire.  

The research that was performed aimed to determine whether the actual process conformance 

had any relation with the outcome of the BPM capabilities survey. The differences between 

departments in the survey were statistically tested by performing Kruskal-Wallis tests. 

Furthermore, the influence of BPM capabilities on perceived process conformance was 

analyzed through partial least squares structural equation (PLS-SEM) modelling. 

 RESULTS 
For the positive relation of BPM capabilities on actual process conformance between 

departments, only some evidence was found. The PLS-SEM analysis yielded no statistical 

influence for both the process lifecycle capability and the process management capability on 

perceived process conformance, whereas process culture did have a significant influence on 

perceived process conformance.  

 DISCUSSION AND IMPLICATIONS 
This research resulted in some interesting findings. Firstly, significant differences between 

departments were found for actual process conformance even though the departments 

executed the same explicitly defined business processes. Only some evidence was found in 

regards to the positive relation between BPM capabilities and actual process conformance. 

However, it is likely that because the departments originate from the same organization, the 

differences are subtler than the BPM capabilities framework can pinpoint for a clearer relation. 

In addition, a significant influence of process culture on perceived process conformance was 

found. Since process-oriented culture is also an important driver for BPM success 

(Münstermann et al., 2010), it remains an important factor that organizations need to strive for. 
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1 INTRODUCTION 

The key tool that allows a company to organize activities in the life-cycle of their product are 

business processes (Weske, 2012). The awareness of what business processes can provide has 

resulted in an increasing focus on the design and standardization of efficient processes, which 

in return provided an increase in performance (Bala & Venkatesh, 2007; Münstermann, 

Eckhardt, & Weitzel, 2010; Von Stetten, Muenstermann, Eckhardt, & Laumer, 2008). However, 

these processes can be designed through many different perspectives and with differing goals. 

As a result, business process management (BPM) has come in existence to steer the processes 

through the activities in the process and their executional constraints. BPM has a direct impact 

on how both products and services are created and performed, and how these products and 

services are perceived by customers (Dumas et al., 2018). Additionally, this standardization of 

processes aims to culminate in a higher productivity of the company (Röder et al., 2015). 

Subsequently, business processes and as an extension, BPM, play a significant role in business 

performance and consequently have been a frequent subject of research.  

However, designing and implementing processes through the entire company is not so 

straightforward. The critical success factors begin with aligning every single business processes 

with the company’s strategy (Rosemann & de Bruin, 2004). Intertwined with this notion is 

whether a company is equipped and prepared to become a process oriented entity (Rosemann 

& de Bruin, 2004). Studies from the past century already indicated that these critical success 

factors for BPM are crucial to make BPM work (Elzinga, Horak, Lee, & Bruner, 1995; McDonald, 

2001; Zairi, 1997). To facilitate these success factors, research suggests it is important to have 

an indication on the as-is situation of the company, from which improvements can be derived 

and adopted (Becker et al., 2009). Useful tools for this procedure are maturity models (Becker 

et al., 2009; De Bruin et al., 2005).  

Nevertheless, businesses spend a significant amount of effort and money in designing 

processes that could potentially improve their performance. Even though the creation of the 

processes is done in the best interest of the company, in most instances of these designs, 

workarounds arise which circumvent these processes. When workarounds are described as 

such it understandably has a negative connotation, however, this association does not 

necessarily have to be the case. The definition of a workaround according to Alter (2013) is as 

follows: “A workaround is a goal-driven adaptation, improvisation, or other change to one or 

more aspects of an existing work system in order to overcome, bypass, or minimize the impact 

of obstacles, exceptions, anomalies, mishaps, established practices, management expectations, 

or structural constraints that are perceived as preventing that work system or its participants 

from achieving a desired level of efficiency, effectiveness, or other organizational or personal 

goals.” From the definition it can be derived that both the intention and the result of the 

workaround are the most important parameters that decide whether the occurrence is positive 

or negative. For example, workarounds can originate from the unwillingness of performing 

extra steps that were implemented to safeguard a process. This unwillingness could be caused 
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by laziness of the actor but also because he is convinced that another approach is more 

efficient. Both have a different intent behind them. Additionally, a skip workaround is likely to 

result in a faster throughput time (Dijkman, Turetken, van IJzendoorn, & de Vries, 2019), 

although throughput time might not be the reason these activities were implemented. 

Consequently, in addition to the possible improvement of throughput time, quality or safety are 

metrics that are likely to worsen because of the described workaround. This example shows the 

many purposes a specific process can have and how workarounds can have a diverse influence 

on the process outcome. This has led to workarounds being increasingly researched in the past 

decade, determining causes and effects (e.g.: Alojairi, 2017; Huuskonen & Vakkari, 2013; 

Laumer, Maier, & Weitzel, 2017; Petter, DeLone, & McLean, 2013). 

Furthermore, workarounds are attributed to many different causes. A frequent returning 

aspect is the misalignment between the information systems that outline the process and the 

boundaries of the job the actors work in. This forces the actors to employ workarounds to finish 

their job (Yeung et al., 2012). Similarly, research towards other businesses resulted in 

comparable findings. Davison, Wong, Alter, and Ou (2019) discovered in a case study that 

adopting a global business wide process forced a local site to adopt workarounds to be able to 

execute the process due to operating restrictions. These stark conflicts between process 

regulations and limiting factors have been classified as obvious causes for workarounds by, for 

example, both Yeung and colleagues (2012) and Davison and colleagues (2019). However, the 

question remains as to what causes workarounds with processes that barely have such 

constraints.  

A meta-study towards workarounds performed by De Vargas Pinto, Maçada, and Mallmann 

(2018) concludes that future research should be conducted in regards to variables that 

influence the adoption of workarounds. It will therefore be interesting to determine whether 

departments, who execute the same process with the same constraints, use similar or different 

workarounds even when there are no obvious different operating restrictions. Additionally, it is 

prudent to explore if process and business maturity can provide an indication on the prevalence 

of workarounds in the operation of these processes. Detecting workarounds has been done 

frequently in the past by performing qualitative research, for example by interviewing actors in 

the process. Even though effort has been made towards detecting workarounds quantitatively 

through process mining, it is not guaranteed that everything can be detected through event 

logs (Outmazgin & Soffer, 2013). Therefore a combination is recommended (Mannhardt et al., 

2016). 

Conformance adds another dimension to workarounds. Business process conformance checking 

is utilizing process mining to see whether the business process is executed according to the 

prescribed process (Mannhardt et al., 2016), i.e. that no workarounds are found. This is a high 

priority for many companies because adhering to the prescribed process is a requirement to 

operate in their industry. A business will face strong repercussions when for example the FDA, 

the regulatory entity of the United States, finds non-conformance in an audit. Therefore, it is of 
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a high priority that organizations are conformant to the process. Perceived process 

conformance is whether a process actor believes that he or she executes the process in 

accordance to the prescribed process (Gerber et al., 2016). Even though research hints that 

perceived process conformance is an adequate predictor for actual process conformance, it 

appears that low perceived conformance is a better predictor than a high perceived 

conformance (Gerber et al., 2016; Zazworka, 2010; Zazworka et al., 2010). The influence of 

business process orientation and therefore the awareness of the process actors has little 

research (Benraad, 2017). It will be interesting to determine whether high business process 

orientation increases the reliability of perceived process conformance to actual process 

conformance. 

To elaborate, when operating under the assumption that the processes are executable for all 

process actors without restrictive constraints, then it is prudent to determine whether the level 

of BPM capabilities of the organization is an explanatory variable in terms of process 

conformance. Put differently, research is needed towards when an organization and its 

employees are more process aware, if that results in the organization being more compliant to 

the described process. In addition, how do BPM capabilities influence perceived process 

conformance and actual process conformance. This combines much needed research towards 

causes of workarounds, conformance, and applications of business process maturity models.  

This empirical research investigated the processes of the same department across different 

business units from the same multi-national company. These departments were identical in the 

sense that they executed the same process with the same tool, although different actors in 

different business units on different continents were executing the process. The process was 

analyzed for actual process conformance with process mining and a survey measured the 

department’s BPM capabilities of Looy (2019) and perceived process conformance of Benraad 

(2017). The BPM capabilities consisted of the process lifecycle capability, process management 

capability, and process culture constructs. This research explored the relation between the 

three BPM capabilities and perceived process conformance on actual process conformance. In 

addition, the influence of BPM capabilities on perceived process conformance was analyzed.  

Literature background will outline the literature background of the constructs and their 

relationship in detail. Research methodology will describe the research design and hypotheses. 

In Results the data will be analyzed, which will then be elaborated on and discussed in further 

detail in Discussion. Lastly, the conclusions, limitations, future research recommendations and 

practical implications will be discussed in Conclusions. 
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2 LITERATURE BACKGROUND 

2.1 PROCESS CAPABILITY 

2.1.1 Business process orientation 
McCormack and Johnson (2001) define business process orientation as follows: “Business 

Process Orientation of an organization is the level at which an organization pays attention to its 

relevant (core) processes.” Over the past two decades, research has shown that process-

oriented organizations have advantages over function-oriented organizations. The process 

orientation advantage manifest themselves in business performance and consequently in the 

market competition (Leyer, Hirzel, & Moormann, 2018; McCormack, 2001; Škrinjar, Bosilj-

Vukšić, & Indihar-Štemberger, 2008). Leyer and colleagues (2018) propose that the advantage 

comes from organizations being able to adapt faster to market changes and produce high-

quality output quicker. Furthermore, a literature review by Tarhan, Turetken, & Reijers (2015) 

concludes that higher maturity of processes and higher process-orientation have a positive 

influence on process performance. 

However, a process-oriented organization needs to be supported by employees who 

understand the process-orientation and can operate within it. This concept is defined as 

Individual Process Oriented Thinking (Leyer, Hirzel, & Moormann, 2015). Klun and Leyer (2019) 

find a causal relationship between process-oriented thinking and process oriented behavior 

that enables the organization to benefit from the advantage gained from process-orientation. 

This relationship shows that for process performance, individuals who execute the process 

need to be process oriented to enable the results of process implementations fully (Klun & 

Leyer, 2019). 

In parallel, the importance of process-orientation holds true for businesses as well. It can be 

translated back to proper BPM. Armistead and Machin (1997) mention that BPM is about 

managing processes continuously, and not for one radical change towards business processes. 

Furthermore, it is proposed that business wide process-orientation is mainly maintained by 

cultural change, and not solely by good systems or structural change (Zairi, 1997). This 

resonates with research towards aggregate successful BPM practices. These indicate that the 

focus should be on processes and process improvement which can only thrive in a process 

culture (Rosemann & de Bruin, 2004). To summarize, every aspect of the organization needs to 

be process oriented to optimally reap the benefits.  

2.1.2 Business process maturity models and capability frameworks 
The concept of maturity models needs to be explained as it is established that the advantages 

of process-orientation come in effect when every facet of an organization is process-oriented. 

Maturity models are designed as a tool to provide an as-is overview, usually of the organization 

or its processes, or both (De Bruin et al., 2005). Maturity models depict this overview in discrete 
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stages (Becker et al., 2009), which can be described as a ladder. The bottom represents an 

organization that has little knowledge of for example process-orientation. Every step is an 

improvement towards the final stage of maturity, where every part of the organization is 

immersed in process-orientation. Ascending to the top involves continuous process 

performance improvements and improving the organization’s process capabilities. The maturity 

model can indicate the status quo of the company, and which improvement areas can 

contribute the most to the journey towards maturity.  

Over the years, many models have been created for many different areas, including business 

process maturity (Bruin & Rosemann, 2007; Hammer, 2007a; McCormack & Johnson, 2001). All 

these frameworks combined, offer a diverse pallet of focus and depth. Yet according to 

Röglinger, Pöppelbuß and Becker (2012), it is still difficult for adopters to determine which 

model fits best to measure their capabilities and map a road for improvements. Similarly, there 

are indications that there is a lack of application for the models (Rosemann & de Bruin, 2004). 

Therefore, Tarhan, Turetken, and Reijers (2016) have conducted a study to acquire a better 

understanding regarding the current state of business process maturity models. They state that 

issues are mostly in regard to the ladder metaphor, there has been little validation towards 

providing a pathway to a higher maturity. Put differently, in that regard most maturity 

frameworks lean more towards assessment models, they provide an overview of the as-is 

situation. The user can see the qualities that are needed to go higher up the ladder, however, a 

clear guide on how to get there is frequently not available (Tarhan et al., 2016). Additionally, 

Tarhan and colleagues (2016) also state that one of the areas where research can contribute to 

is conducting empirical research towards the models’ validity and usefulness.  

Following the reasoning of both Röglinger and colleagues (2012) and Tarhan and colleagues 

(2016) on the shortcomings of existing maturity models. Looy (2019) set out to develop a new 

BPM measuring instrument, focusing on validation and capability coverage. This instrument 

was based on linking first order constructs (the capability areas) to the following second order 

constructs (the measurement items): lifecycle, managerial, cultural, and structural areas. Looy 

(2019) utilized process lifecycle approaches, performance and change management theories, 

strategic management theories, human resource management theories, and organizational 

design theories as foundation for the lower-order constructs. How the different research areas 

are woven together in the BPM capabilities constructs is shown in Table 1.  
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Table 1. BPM capabilities and their theoretical foundations 

 

Firstly, the lifecycle of a business process refers to the period between the creation of the 

process until its discontinuation, and the use of methods and IT as support. Plan, do, 

check/study, and act, the four lower-order constructs, cover each a period of the lifecycle that 

ranges from the initiation and planning phase, the execution, the control and evaluation phase 

of the process, including the adoption of improvements. 

Secondly, the management construct refers to the day-to-day management of the business 

processes. This includes the actors that are directly and indirectly involved in the process, and 

their corresponding skills and training. This construct also involves the alignment of business 

process goals with business’s strategy, alongside the maintained relationship with all 

stakeholders. 

Thirdly, the process-oriented culture construct refers to the company’s adoption of a process 

workstyle. Culture reflects not only the behavior and attitude of the workforce towards 

business processes, but also focusses on the inclusion of rewards and appraisals in process 

performance and job descriptions. Furthermore, top management commitment towards 

business processes is assessed in these constructs. 

Finally, the process-oriented structure focusses on the organization of processes throughout 

the entire business. I.e. the visualization of all business processes, and business entities that are 

focused solely on coordinating all the processes within the business. 

2.2 WORKAROUNDS 
At first, the perspective of the conducted workaround research was mostly geared towards the 

negative aspects of workarounds. This was rooted from the fact that changing activities from a 

prescribed process will result in negative outcomes. Gerson and Star (1986) describe 

workarounds as “misfits with the idealized representations of work”. Workarounds would lead 

to a divergence of the purpose of the designed business process (Ciborra et al., 2000), or a loss 

BPM capability measuring items Lower-order construct

Process 

lifecycle 

approaches

Performance 

and change 

management 

theory

Strategic 

management 

theories

Human resource 

management, 

motivational and 

cultural theories

Organizational 

design thoery

Process lifecycle capabilities Plan x x

Do x x x

Check/Study x x

Act x

Process management capabilities Strategy x x

Relationships x

Roles x

Skills x

Process culture Values x x

Rewards x

Commitment x x

Process structure Organization x x

Governance x x
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of control of the company (Lapointe & Rivard, 2005). Alter (2013) changed this perspective by 

creating a definition that focuses on workarounds as a neutral phenomenon that is based on a 

goal-driven approach towards changes to a defined business process.  

2.2.1 Causes and adoption 
Most research towards workarounds has been conducted towards the healthcare service 

industry (e.g.: Azad & King, 2008; Outmazgin & Soffer, 2013; Rathert, Williams, Lawrence, & 

Halbesleben, 2012; Yeung et al., 2012). In short, in this industry workarounds occur frequently 

due to limitations of the IS system which forces employees to find different means to complete 

their goals (Safadi & Faraj, 2010). Specifically, Nadhrah and Michell (2013) explain that the 

combination of time that needs to be spent on executing the various process tasks, the 

interference of the doctor-patient relationship, and top-down enforcement of the process are 

all factors that contribute to the common appearance of workarounds in the healthcare service 

industry. These factors also make the workarounds in this industry more visible, which has 

therefore triggered a response in research.  

In fact, the ubiquity of information systems in business processes in the past two decades has 

led to more opportunities for workarounds to appear in most other industries as well. 

Consequently, according to research, also in these industries the alignment of the information 

system with the actual business process is a big contributing factor to workarounds (Drum et 

al., 2017). This needs further elaboration. Most research towards workarounds has been 

conducted in this specific area, where information systems are implemented for process 

purposes. A distinction has to be made between workarounds and the adoption of these 

information systems. Both concepts are linked: when an information system is not adopted it 

will inevitably lead to workarounds being performed. Spatar, Kok, Basoglu, and Daim (2019) 

have investigated established significant adoption factors such as user satisfaction (Basoglu, 

Daim, & Kerimoglu, 2007; DeLone & McLean, 1992), productivity and ease of use (Lee, Teich, 

Spurr, & Bates, 1996; O’Connell, Cho, Shah, Brown, & Shiffman, 2004), and found that all these 

factors are significantly influenced by the alignment of the information system. In addition, 

Davison and colleagues (2019) show that misalignment can lead to the creation of shadow-IS. 

When a department was forced to adopt the new information system which was not 

compatible with how their process had to be run. The department stored all the information in 

Excel where they could later feed it to the implemented system. It is worth noting the 

argument can be made that such workarounds are forced into existence (Davison et al., 2019).  

In other research, this phenomenon is described as an unavoidable workaround (Friedman et 

al., 2014). The other half of this dimension is called an avoidable workaround. Friedman and 

colleagues (2014) define it as a workaround that occurs for a problem that could be solved 

permanently. This distinction fits with Alter's (2013) neutral definition since it focusses on the 

conceptual features of a workaround. Moreover, avoidable workarounds refer to the dimension 

that actors in the process can control, and therefore an aspect that can be more easily 

influenced to control the process outcome. 
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Performance is often the main discussion point about workarounds and, up until now, mainly 

that aspect has been discussed. However, it is important to note that workarounds influence 

other parameters. As Alter (2013) mentions in his definition, workarounds can be either 

positive or negative, and can be used as a stepping-stone to improve the process. This outlook 

implies that processes can and should be improved, and that a business does not know the best 

process specification, or best practice beforehand. This was also shown in the case study of 

Davison and colleagues (2019), a department was forced to adopt shadow-IS to execute their 

process. In fact, this workaround resulted in a functioning department and enabled them to 

continue their work successfully.  

2.2.2 Conformance and perceived conformance 
The effect of conformance and non-conformance on the process outcome due to workarounds 

can also be critical, and originates from a slightly different perspective. Specifically, because of 

compliance the distinction between a positive or negative workaround gets another dimension 

alongside performance. A study has shown that the willingness of management to tolerate 

workarounds is positively influenced by the expected efficiency gain but also negatively 

influenced by the exposure to compliance risk (Röder, Wiesche, Schermann, & Krcmar, 2014). 

This is logical because non-compliance in some scenarios risks severe repercussions. Even 

though a workaround can lead to a performance increase, some industries have to operate 

within regulation boundaries. Inspections in the form of audits are conducted to guarantee that 

companies are compliant to these rules. Non-compliance can lead to severe repercussions, and 

therefore it is paramount that the processes are executed as described. However, these 

compliance demands are situation dependent and are defined in the organization or industry, 

not in literature. This is also addressed by Alter (2015) who discusses the combination of 

beneficial and detrimental compliance and non-compliance in great detail. As is suggested in 

Alter’s definition of workarounds (2013), intent plays a major role in the effect of non-

compliance. It is shown that positive intent often had a mostly positive effect on business 

process outcomes, whereas unintended factors have a severe negative impact on business 

process outcomes (Andrade, Leopold, Van Der Aa, Alter, & Reijers, 2016). Moreover, individuals 

with low expertise or low amount of knowledge perceive compliance as irrelevant to their job 

(Dang-Pham, Pittayachawan, & Bruno, 2014), which indicates that possessing more process 

skills has a positive influence on conformance (Gerber et al., 2016).  

In contrast, perceived conformance has undergone little research and comparisons between 

actual conformance and perceived conformance has been inconclusive. Zazworka and 

colleagues (2010) have investigated towards a software development process executed by 

developers. They conclude that perceived and actual conformance fit to some extent, and focus 

on that when developers indicate that they perceive conformance to be low that it usually is a 

good predictor. Zazworka and colleagues (2010) however neglect to give other examples and it 

appears that the aforementioned is to what they refer to as: to some extent. In addition, it is 
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hinted that training basic process skills not only improves conformance but also improves the 

perceived process conformance of colleagues (Gerber et al., 2016).  

That perceived process conformance and actual process conformance are not always identical 

is confirmed when this phenomenon is observed through a psychological perspective. A 

discrepancy is often found between the actual knowledge of an individual and his self-

assessment of that knowledge (Park, Gardner, & Thukral, 1988).  

Parallels can be found from other research in the connection between business process-

orientation and perceived process conformance. Benraad (2017) has found a positive influence 

of individual process-orientation in addition to a positive influence of BPM culture on perceived 

process conformance. This builds upon the findings of Grau and Moormann (2014) who found a 

positive influence of BPM culture on perceived process quality. However, even though the jump 

from these findings towards the link between business process-orientation and perceived 

process conformance can be made, this still needs to be confirmed. 

2.3 PROCESS MINING 
Processes-orientation is becoming more frequent in organizations due to its inherent 

advantages. These processes provide employees with instructions on how their job is intended 

to be performed. Because of the digitalization of work, actions that are performed in the 

process are stored as event data. Consequently, massive amounts of data is being collected that 

can be used to determine what the employees and organizations are actually doing (van der 

Aalst, 2014). The analysis can reveal stark differences in terms of the described process and the 

execution of said process, and can therefore be used to detect workarounds and determine 

compliance (Outmazgin & Soffer, 2016).  

To be able to perform process mining, three ingredients are required (van der Aalst, 2016). 

Firstly, a unique ID that identifies every case. Secondly, these unique cases have to perform 

events. These events range from the starting event, follow-up events, until the ending event 

finishes the process. Thirdly, a date and preferably a time on which every event is finished. It is 

also possible to add an optional fourth ingredient, namely the actor who performs the event. 

This is not required to analyze the basic process flow, however, it can add a dimension in 

analyzing for example individual performance. From this event data, it is possible to acquire an 

overview for every case which tasks are performed, in which order, and how long every task 

takes. This information can be used to quantitatively analyze performance, bottlenecks, and 

many other aspects of the process (van der Aalst, 2016). However, as stated in the introduction, 

for this research workarounds in combination with compliance are examined through process 

mining. 

The detection of workarounds through process mining has to overcome challenges. Rigid 

compliance checking can easily be performed by doing conformance analysis (van der Aalst, 

2014). Differences that are found by comparing the prescribed process with the actual 
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execution of the process, indicate conformance. Two examples are forwards and backwards 

conformance checking. The former is determining if constraints will be met, the latter is 

determining if constraints were met (Elgammal, Turetken, van den Heuvel, & Papazoglou, 2016; 

Ramezani, Fahland, & Aalst, 2012). Effort by researchers has been made to determine how 

certain types of workarounds and incompliance manifest themselves in an activity log, and 

consequently how they can be detected through process mining (Outmazgin & Soffer, 2016). 

However, this does not paint the complete picture. Even though tasks are performed differently 

than intended, the root cause of this incompliant behavior cannot be determined through 

process mining alone (Outmazgin & Soffer, 2013). There are still many situational factors that 

are not taken into account when performing process mining. This affects, for example, events 

that are executed by unqualified actors, events that are executed outside the allowed time 

frame, and the correctness of routing decisions (Mannhardt et al., 2016). Therefore, it is 

prudent to verify the findings with actors of the process to determine the underlying causes 

(Beerepoot, de Weerd, & Reijers, 2018; Outmazgin & Soffer, 2016; van der Aalst, 2014). 

2.4 RESEARCH GAP 
It is important to reiterate the findings of Tarhan and colleagues (2016) about measuring the 

maturity level in terms of business process capabilities. Real world applications of these 

measuring models remain scarce. Currently, the leading arguments are that a higher level of 

capabilities leads to a higher level of execution of processes, which in turn results in a better 

overall performance. This reasoning still lacks verified and defined outcomes that occur when 

an organization reaches a higher level of capability or maturity.  

Parallel to this, the widespread implementation of processes and the accompanying process-

orientation, combined with the adoption of IS tools for these processes, has led to an increase 

in interest towards workarounds. The causes for workarounds have been researched to some 

extent; however, mainly the alignment of information systems has been a major cause of 

workarounds in research. Therefore, it has been proposed in a recent meta-study that more 

future research should be conducted towards causes of workarounds (de Vargas Pinto et al., 

2018). The emergence of workarounds in an environment where processes and information 

systems are mostly aligned is something that has not been extensively researched.  

Even though research suggests that business process management capabilities and maturity 

models have not shown a validated tangible outcome when a higher level is achieved, it is 

heavily implied and accepted that process implementation, process-orientation, and adoption 

of IS tools, are represented in these models (Pöppelbuß & Röglinger, 2011). Following this 

reasoning leads to the possibility that a more mature and capable process and enterprise 

environment leads to an environment where processes thrive. These business process 

management capability models can therefore be used to provide a diagnosis of an aligned 

process environment. 



20 
 

In addition, the link between business process-orientation and perceived process conformance 

is inconclusive. Benraad (2017) found a positive influence of individual process-orientation and 

perceived process conformance, which hints at organizational process-orientation yielding 

similar results. Moreover, Grau and Moormann (2014) have shown that process culture has a 

positive influence on perceived process quality. Since some parallels can be made, it is 

interesting to determine whether this phenomenon also holds for perceived process 

conformance. Presently, it is still unknown what the influence is of business process-orientation 

on perceived process conformance. 

Consequently, the diagnosis can then be used as a basis to determine if a higher level of 

business process management capabilities leads to, as Alter (2015) describes, beneficial 

compliance, and what impact it has on perceived process conformance. 

Simply put, combining both the lack of application of business process maturity and capabilities 

models with the possible relation to workarounds, conformance, and perceived conformance, is 

a clear research gap in current research literature.  
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3 RESEARCH METHODOLOGY 

3.1 RESEARCH DESIGN 
A commonly used research design for empirical research was developed by Kothari (2004) and 

was adopted in this research. The specific tasks that have been performed are shown in Figure 

1. Even though a linear process is depicted, it was iterative in its execution. The process began 

with determining the research problem. This included acquiring a thorough understanding of 

the problem, which then had to be redefined into a general research objective. Subsequently, a 

literature review was conducted to bring all the related and relevant concepts, theories, 

frameworks, and findings in perspective. These findings contributed to determining the 

research gap, from which specific research questions and hypotheses were derived. 

Additionally, a research plan was derived which clarified the approach in which the research 

questions would be answered. 

 

Figure 1. Research Methodology Model 

3.2 RESEARCH QUESTIONS 
Three factors were analyzed: BPM capabilities (BPMC), actual process conformance (APC), and 

perceived process conformance (PPC). The BPM capabilities were split in three parts, process 

lifecycle capabilities, process management capabilities, and process culture. This led to the 

following research questions: 

1a. How does the level of process lifecycle capabilities relate to the level of actual 

process conformance of each department? 
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1b. How does the level of process management capabilities relate to the level of actual 

process conformance of each department? 

1c. How does the level of process culture relate to the level of actual process 

conformance of each department? 

2a. How does the process lifecycle capabilities influence the perceived process 

conformance? 

2b. How does the process management capabilities influence the perceived process 

conformance? 

2c. How does the process culture influence the perceived process conformance? 

The performed research can be divided in two parts. Firstly, process log data had to be acquired 

to analyze the process. The purpose of this analysis was determine the actual process 

conformance (APC) of the departments. This was done according to the CRISP-DM methodology 

(Wirth, 2000). Parallel to this, a survey was conducted. The survey contained the questionnaire 

created by Looy (2019), which provided different assessments of each department’s BPM 

capabilities, and the questionnaire created by Benraad (2017), which provided an assessment 

of each department’s perceived process conformance. Afterwards, both outcomes were 

analyzed to determine the relationship between BPM capabilities, actual process conformance, 

and perceived process conformance. The results of the research were then discussed, including 

their limitations and derived conclusions. 

3.3 RESEARCH HYPOTHESES 
The research hypothesis model is depicted in Figure 2. The figure provides a visual overview of 

the expected relationship between the constructs.  

  

Figure 2. Research hypothesis model 
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3.3.1 BPM capabilities and actual process conformance 
As mentioned in the 2.2, causes of workarounds have been investigated vigorously in the past 

(e.g.: Basoglu et al., 2007; Drum et al., 2017; Spatar et al., 2019). Research has shown that 

workarounds do not have an inherent positive or negative in its definition and in its outcome 

(Alter, 2013; Andrade et al., 2016). It is also prudent to occasionally allow workarounds to exist 

in your processes simply because its effects can be a positive influence on the process 

performance (Röder et al., 2014). Becoming a more mature organization is therefore not equal 

to an environment where workarounds are absent. However, it is claimed that a higher 

maturity in terms of business  process management capabilities results in a more process aware 

environment (Power, 2007), in which it can be argued that causes such as carelessness or 

unawareness or less present. Put differently, a supportive business process management 

culture stimulates the performance and effectiveness of processes within the organization. 

Consequently, since these causes for workarounds are less frequent in organizations with 

higher BPM capabilities, it is expected that when BPM capabilities increases, the actual process 

conformance increases.  

H1a: Process lifecycle capability has a positive relation with the actual process conformance of 

each department. 

H1b: Process management capability has a positive relation with the actual process 

conformance of each department. 

H1c: Process culture has a positive relation with the actual process conformance of each 

department. 

3.3.2 BPM capabilities and perceived process conformance 
BPM capabilities provide an as-is reflection of an organization’s process skills (De Bruin et al., 

2005), furthermore, basic process skills not only improves conformance but also improves 

perceived process conformance of colleagues (Gerber et al., 2016). In addition, Benraad (2017) 

found a positive influence of individual process-orientation and BPM supportive culture on 

perceived process conformance. This extends previous research of Grau and Moormann (2014) 

who found a positive influence of BPM culture on perceived process quality. These findings 

share commonalities with BPM capabilities constructs (De Bruin et al., 2005; Looy, 2019), and it 

is therefore expected that BPM capabilities have a positive influence on perceived process 

conformance. 

H2a: Process lifecycle capability has a positive influence on the perceived process conformance. 

H2b: Process management capability has a positive influence on the perceived process 

conformance. 

H2c: Process culture has a positive influence on the perceived process conformance. 
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3.4 PARTICIPANTS 

3.4.1 Case organization and process 
To answer the research questions depicted in Figure 2, an empirical research was conducted in 

a big multinational organization operating in the medical device manufacturing industry. The 

organization consisted of different business units, who were responsible for the manufacturing 

of their own medical device. As a consequence, every business unit had their own complaint 

handling unit. In addition, strict regulations needed to be adhered to as the business domain 

that the organization is operating in is highly regulated. Therefore, a harmonized and explicitly 

defined complaint handling process was developed and put in action. Figure 3 shows a high-

level representation of the process model that is expected to be followed by the employees, in 

order to ascertain that the complaint handling process was adopted in accordance with the 

regulations. (For simplicity’s sake, the complaint handling process will be referred to as the 

complaint process from here onward.) 

 

Figure 3. Simplified complaint process overview 

The different business units executed the same process, with the same tool called TrackWise. 

The tool stored all actions and accompanying status changes of a complaint with a time and 

date stamp, which made it possible to further investigate the process and its intricacies through 

process mining. This was done using the Fluxicon Discovery program Disco, which can be used 

as a tool to search for workarounds (Outmazgin & Soffer, 2013). 

To answer the research questions in 3.2, it needs to be reiterated that the complaint handling 

departments of the business units were four independent departments. They operated the 

same process with the same tool, and differed only in location, employees, direct managers, 

and their products. These direct managers were reporting to an overall manager who bore 

responsibility of the individual complaint handling units. He supported the research and was 

interested in the outcome. 
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Furthermore, it has to be mentioned that process mining was not used actively by the 

departments. Process conformance was checked through mock and real audits, which involves 

taking a small sample to see if the process was conform the guidelines for these specific cases. 

Therefore, the departments were not completely aware of their actual process conformance, 

which could have affected their answers when answering the questionnaires. 

3.4.2 Participant details 
The participants of the survey were all from either one of the four complaint handling 

departments.  To achieve a sufficient sample size, a high participation rate was required from 

the department members. This was mostly achieved with the numbers shown in Table 2. 

Table 2. Participation details 

 

The teams consisted of members with roughly the same education level and have mostly the 

same function title and description. The locations differ for every department and are also 

shown in Table 2.  

3.4.3 Ethical research disclaimer 
Participating in the questionnaire was completely voluntary. Even though the request for 

answering the survey came from their direct supervisor, it was phrased as optional. 

Furthermore, respondents participated with informed consent. This involved explaining why 

the survey was conducted, what was required of the participants, and what the results were 

used for. In addition, it was disclaimed that the answers to the survey were going to be 

completely anonymous and that the results were not going to be used to gauge individual or 

performance. Lastly, it was communicated that the results of the survey were going to be 

presented to all participants. 

3.5 MEASURING INSTRUMENTS 
There are five factors in the research model depicted in Figure 2. The processes of the 

departments were analyzed through process mining. In addition, a survey was conducted with 

questionnaires regarding BPM capabilities and perceived process conformance survey. An 

overview is depicted in Table 3. 

Departments A B C D Total

Size complaint team 11 13 4 10 38

Respondents 11 8 4 10 33

Participation rate 100% 62% 100% 100% 87%

Location Netherlands Germany USA China



26 
 

Table 3. Measuring instruments 

 

3.5.1 Business Process Management capability measurement model 
As was mentioned in the literature background, Looy (2019) developed a BPM capabilities 

measurement instrument. This instrument is based on lower-order constructs that culminate in 

four BPM capabilities: lifecycle, management, culture, and structure.  

In Table 4, the BPM capabilities constructs are depicted with their respective lower-order 

constructs and number of questions per construct. The questions are measured on a 5-point 

Likert scale (Looy, 2019), with 1 equaling to strongly disagree, 2 to disagree, 3 to neutral, 4 to 

agree, 5 to strongly agree.   

Table 4. BPM capabilities constructs 

 

Because of the size of this survey, it was decided to reduce the number of questions by 

removing process structure. The size of the departments was roughly the size of the number of 

respondents needed to complete this research. The participation rate needed to be very high, 

and therefore the survey not too daunting to fill out.  

The reason why process structure was chosen is: because the departments work for the same 

organization meant that the processes were visually defined exactly the same for every 

department. Moreover, the process stems from a Quality Measuring System (QMS), which was 

Factor Measuring instrument

Process lifecycle capabilities Survey (Looy,2019)

Process management capabilities Survey (Looy,2019)

Process culture Survey (Looy,2019)

Perceived process conformance Survey (Benraad, 2017)

Actual process conformance Process mining

BPM capability Lower-order construct # Questions

Process lifecycle capabilities Plan 5

Do 3

Check/Study 5

Act 4

Process management capabilities Strategy 3

Relationships 4

Roles 6

Skills 6

Process culture Values 8

Rewards 6

Commitment 5

Process structure Organization 3

Governance 4
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created to coordinate all the processes within the entire business, and therefore the same for 

every department. Put differently, significant differences between the departments were not 

likely to be found in this construct due to the central overarching organization coordinating 

uniformly.  

3.5.1.1 Process lifecycle capability 

The process lifecycle capability refers to the period between the creation of the process until its 

discontinuation, and the use of methods and IT as support. The questions that encompass the 

lower-order constructs of process lifecycle capability are shown in Table 5. 

Table 5. Process lifecycle capability construct questions 

Lower order 

construct 

Code Indicator 

Plan L_Plan_1 The business processes in my business unit are designed based on a process 
architecture (i.e. macromap, enterprise process model, process hierarchy or 
overview of all processes). 

  

L_Plan_2 The inputs, outputs and activities of all business processes in my business unit 
have been identified and documented(e.g.in function descriptions, procedures 
and work instructions). 

  L_Plan_3 My business unit has clearly defined the method for process modeling (e.g. 
paper-based, brown paper or using a process language such as business process 
management or UML). 

  L_Plan_4 The same tool for process modeling is used throughout my business unit (e.g. MS 
Visio, Bizagi and Signavio). 

  L_Plan_5 Process models are evaluated for correctness (i.e. verified and validated) prior to 
execution using simulation tools, walkthroughs, interviews, document analysis, 
etc. 

Do L_Do_1 IT systems (e.g. TrackWise), designed with the processes in mind, support the 
business processes in my business unit. 

  L_Do_2 The implementation of IT systems (e.g. TrackWise) is based on business 
processes and not on individual functions or departments. 

  L_Do_3 Software operates based on our business logic or rules, which can be easily 
managed by the business users themselves (e.g. in a rules engine). 

Check/study L_Check_1 IT systems (e.g. TrackWise) monitor running processes to visualize real-time 
process performance information in charts and analyze unplanned deviations 
from the process documentation. 

  L_Check_2 The business processes in my business unit are measured for their efficiency (e.g. 
no defects, low unit cost and short cycle time) and effectiveness (e.g.high quality 
by meeting customer requirements). 

  L_Check_3 Performance evaluation is based on business intelligence or process mining. 

  L_Check_4 The business processes in my business unit are evaluated periodically (e.g. by 
means of audits, benchmarking or business activity monitoring). 

  L_Check_5 The business processes in my business unit are evaluated to comply with 
external regulations and business unital policies. 

Act L_Act_1 Management reports with information on the realization of performance targets 
(KPIs, key performance indicators) per business process are translated into 
actions. 
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  L_Act_2 Process improvement plans are prepared, approved and funded. 

  L_Act_3 Process innovation focuses on quick adaptations to environmental changes (such 
as legislation or outsourcing) and/or being in line with IT and strategy. 

  L_Act_4 The business processes in my business unit are continuously improved by efforts 
such as reengineering, lean, six sigma and cause-effect diagrams. 

 

3.5.1.2 Process management capability 

The process management capability construct refers to the day-to-day management of the 

business processes. The questions that encompass the lower-order constructs of process 

management capability are shown in Table 6. 

Table 6. Process management capability construct questions 

Lower order 

construct 

Code Indicator 

Process 
strategy 

M_Strat_1 Process management is fully part of my business unit’s strategy, namely, to 
help realize the business unit’s strategy (e.g. to achieve operational excellence, 
customization or product/market leadership). 

  M_Strat_2 The business unit’s strategy is translated into goals that are used to manage 
business processes. 

  M_Strat_3 All business processes in my business unit have performance targets (KPIs, key 
performance indicators) derived from the business unit’s objectives. 

Process-based 
external 

M_Ext_1 Mutual performance expectations have been established with our customers, 
suppliers and partners. 

relationships M_Ext_2 Regular meetings are held with our customers, suppliers and other 
stakeholders to identify improvement initiatives and integrate processes.  

M_Ext_3 End customers are regularly invited to review the performance of our 
products, services and processes.  

M_Ext_4 My business unit knows and understands (and, if necessary, changes/aligns) 
the expectations and processes of customers. 

Process roles 
and 
responsibilities 

M_Role_1 Employees operate in teams that are fully transitioned from functional to 
cross-departmental (i.e. process-focused, end-to-end throughout the value 
chain).  

M_Role_2 All employees in my business unit are involved in Business Process 
Management, not only the technical experts or process managers (i.e. process 
owners).  

M_Role_3 An individual process is managed end-to-end throughout the value chain by a 
senior manager (called a process manager or process owner).  

M_Role_4 For the process manager (or process owner), the business process under his/ 
her responsibility comes first in terms of time allocation and personal goals.  

M_Role_5 The process manager (or process owner) has real power in the business unit 
(e.g. in relation to functional roles and other management roles), and it is not 
just an informal role.  

M_Role_6 The process manager (or process owner) has a process management team, 
officially appointed for the design, analysis, improvement and performance of 
a specific business process. 
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Process skills 
and training 

M_Skill_1 Process managers (i.e. process owners) are trained in Business Process 
Management.  

M_Skill_2 The process management team is trained in advanced tools and techniques for 
Business Process Management and process improvement.  

M_Skill_3 Employees are trained to distinguish how far they can go to meet special 
needs of customers.  

M_Skill_4 Employees are trained to work with the tools and information related to their 
business processes involved and are scheduled for refresher courses.  

M_Skill_5 All employees who are part of a specific process receive training on the entire 
process (and not only on their individual tasks). 

  M_Skill_6 All key players (e.g. employees and managers) are trained to understand the 
role of process management in improving performance. 

 

3.5.1.3 Process culture 

Process culture construct refers to the company’s adoption of a process workstyle. The 

questions that encompass the lower-order constructs of process management capability are 

shown in Table 7. 

Table 7. Process culture construct questions 

Lower order 
construct 

Code Indicator 

Process-
oriented 
values, 
attitudes 

C_Val_1 Cross-functional (i.e. cross-departmental or multidisciplinary) teamwork is the 
norm among employees and is commonplace among managers. 

and behaviors C_Val_2 Process information and documentation (e.g. function descriptions, procedures 
and work instructions) are stored at one central point to be visible and accessible 
to all employees.  

C_Val_3 My business unit is committed to excellence, continuous process improvement 
and innovation.  

C_Val_4 Employees understand and accept continuous change in their work. 
 

C_Val_5 Employees strive to ensure that the processes deliver the results needed to 
achieve the business unit’s goals.  

C_Val_6 Overall effectiveness and efficiency of processes are posted where they can be 
seen by all employees.  

C_Val_7 Employees are committed to process objectives and are empowered to make 
process decisions.  

C_Val_8 People throughout my business unit show enthusiasm for process management 
and play leadership roles in process efforts. 

Process-
oriented 
appraisals and 

C_Hr_1 HR systems for hiring, developing and rewarding people are (also) based on cross-
functional (or cross-departmental) business processes. 

rewards C_Hr_2 My business unit is characterized by an environment that supports and rewards 
process-oriented behavior.  

C_Hr_3 Process managers (i.e. process owners) are rewarded (recognized or 
compensated) based on the performance of the business processes for which 
they are accountable. 
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C_Hr_4 The members of the process management team are rewarded (recognized or 

compensated) based on the performance of the business process under their 
responsibility.  

C_Hr_5 Employees are rewarded (recognized or compensated) based on the performance 
of the entire business processes in which they operate.  

C_Hr_6 Process-oriented compensation or recognition exists for the top management in 
my business unit. 

Process-
oriented top 
management  
commitment 

C_Top_1 The business unit has a dedicated senior executive or board member (e.g. a chief 
process officer) who officially supports or sponsors a process-oriented way of 
working. 

 
C_Top_2 The senior executive team or board of directors perceives process management 

not as a project but as a way of managing the business.  
C_Top_3 Members of the senior executive team or board of directors focus on (core) 

business processes when developing new business opportunities.  
C_Top_4 Process leadership is established throughout my business unit, also involving the 

commitment of top managers. 

  C_Top_5 Top managers establish priorities based on business processes rather than on 
functions or departments. 

 

3.5.2 Perceived process conformance model 
As was mentioned in the literature background section, not many perceived conformance 

models exist. Benraad (2017) was one of the first in attempting to develop one. Her approach 

was based on the item pool of willingness and ability as representation of perceived process 

conformance. The reasoning for this has been touched upon earlier in the literature 

background. Both willingness and ability were highlighted as causes for workarounds (Dang-

Pham et al., 2014; Gerber et al., 2016). The step from process conformance to perceived 

process conformance was not a big one. The thought is built on the foundation of willingness 

indicating the individual’s interest, or his striving for, or his looking for improvements (Hammer, 

2007b). The willingness combined with the individual’s ability of executing the process were 

solid indicators of process conformance (Hammer, 2007b; McCormack & Johnson, 2001; 

Rosemann & de Bruin, 2004). In addition, ability increased the individual’s ability of self-

reflection (Leyer et al., 2018). The higher order construct setup is depicted in Table 8. 

Table 8. Perceived process conformance constructs 

 

The questions are measured on a 5-point Likert scale (Benraad, 2017), with 1 equaling to 

strongly disagree, 2 to disagree, 3 to neutral, 4 to agree, 5 to strongly agree. The questions 

regarding the perceived process conformance constructs are shown in Table 9. 

Measuring item Lower-order construct # Questions

Perceived process conformance Ability 4

Willingness 4



31 
 

Table 9. Perceived process conformance constructs questions 

Lower order 

construct 

Code Indicator 

Ability D_Abil_1 I am skilled in following the process correctly 
 

D_Abil_2 The process related training I followed was successful, in terms of helping me 
executing processes correctly  

D_Abil_3 I know how the business processes work 
 

D_Abil_4 I have access to all required resources to be able to execute the processes 
correctly 

Willingness D_Will_1 I propose improvements if I cannot execute the process according to the process 
description  

D_Will_2 I exhibit enthusiasm for following the process and performing it correctly 
 

D_Will_3 I am willing to take accountability for the level of correct execution of processes 

  D_Will_4 I believe my way of working conforms the process on a daily basis 

 

3.5.3 Actual process conformance 
The entirety of the process mining part of the methodology was performed according to the 

CRISP-DM methodology (Wirth, 2000), excluding the deployment step because it is outside the 

research scope. Note, however, that the company executed deployment as a continuation of 

the thesis. The performed methodology is depicted in Figure 4. 

 

Figure 4. Applied CRISP-DM methodology 
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3.5.3.1 Business understanding and data understanding 

To ensure good process mining analysis, business and data understanding needed to be gained 

before the analysis started. This involved understanding the entirety of the explicitly defined 

complaint handling process, depicted in Figure 3, with the help of subject matter experts. 

Furthermore, the data needed to be aligned with the complaint handling process. The 

knowledge of complaint handling experts and data experts was combined to ensure that the 

data points acquired from TeraData represented the explicitly defined process. 

3.5.3.2 Data preparation 

The first step of the data preparation process, depicted in Figure 5, involved creating queries for 

the Teradata database. This research needed data that included the unique complaints ID of all 

the complaints that were handled in Q4 of 2018 and Q1-2-3 of 2019, and all their respective 

activities in the process, the corresponding time-stamps, sorted by the department that 

handled the complaint. This was done by running three different queries for every department. 

Namely, for all activities depicted in 2Appendix A, for the created date depicted in 2Appendix B, 

and for the closed date depicted in 2Appendix C. The created and closed events were not 

stored as an activity and therefore had to be requested separately. Furthermore, a year’s worth 

of complaint data was requested by searching for all closed complaints in that period. This 

query would result in a dataset with only finished complaints, however, this meant that created 

date and activities could have been performed before that timeframe. Therefore, the query for 

these were adjusted to start up to 1.5 years before the beginning of Q4 of 2018.  

 

Figure 5. Data preparation steps 

The script shown in 2Appendix D was written in R Studio to further prepare the data. This 

involved performing a search for missing data entries and duplicates, of which none were 

found. This can be explained by the fact that the data is stored automatically by the Trackwise 

program when the actions are performed.  

Afterwards, the complaint IDs of the complaints that were closed between Q4 2018 and Q3 

2019 were used to filter only the activities and created date belonging to these complaints. 

Then, because the query generated more data columns than necessary, the unnecessary data 
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columns were removed and sorted to a predetermined format: Identifier ID, Activity, 

Timestamp, Site. The full list of the queried data columns is shown in 2Appendix E.  

3.5.3.3 Modelling 

The modelling was performed first without tool support and afterwards in DISCO, and provided 

an overview of the actual performed process. The modelling process in DISCO was also used to 

verify the assumptions made by the subject matter experts in regards to data understanding 

and business understanding. The initial modelling results were used as feedback for the subject 

matter experts to reevaluate the activities in the process. As a result, a cyclical modelling phase 

was performed that ended when the experts agreed that the activities chosen for analysis were 

indeed a representation of the prescribed business process.  

3.5.3.4 Evaluation 

The process that was established in the modelling phase is shown in Figure 6. 

 

Figure 6. TrackWise activities complaint process 

The objective was to find a conformance measurement that enables comparison of the 

conformance performance of the complaint departments. DISCO enabled the analysis of all the 

variants that every department performed. Figure 6 shows a large and still a relative complex 

process in which many variants are in accordance of the official defined process. This 

complexity was confirmed in the initial variant overview shown in Table 10. 
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Table 10. Initial variant analysis 

 

To reduce the large number of variants and, as a consequence, enable actual process 

conformance analysis, the size of the process was reduced. This was done by splitting the 

process in two parts: the preparation for complaint process, and the complaint investigation 

process. How the process was split is shown in Figure 7. 

 

Figure 7. Split processes of TrackWise activities 

Although at first glance the size of the processes appears to be different, the possible paths 

through the processes are of similar size. Nevertheless, the complaint investigation process 

appears to be significantly more complex than the preparation of the complaint process. This 

was confirmed in the variant analysis of the split processes, which are shown in Table 11. Split 

processes variant analysis. 

Table 11. Split processes variant analysis 

 

Type\Departments All sites A B C D

Cases 15219 3278 1909 1472 1281

Amount of variants 1487 1635 829 124 333

Process Type\Departments All sites A B C D

Preparation for complaint process Amount of variants 153 115 36 9 20

Complaint investigation process Amount of variants 1487 621 289 36 131
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In addition, according to subject matter experts, the preparation for complaint process was 

straightforward. Further analysis proved that differences between departments were, 

consequently, negligible. Therefore, only the complaint investigation process was used for 

actual process conformance analysis.  

The company defined the following as conformance to the explicitly defined process. Re-assign 

could be performed freely. Re-assign indicated a change of either the complaint specialist or 

investigator, and even though it was preferred that re-assign never occurred, it was in 

conformance of the described process. The other events indicated either the start of the 

process, the end of the process, or the route which the process follows. This meant that when it 

was determined that a case needed an (adverse) event investigation, this investigation path 

had to be completed. Furthermore, it was stated in the process rules that when a wrong path 

was chosen for a case, that the investigation path needed to be closed and a new path had to 

be made to restart the investigation. Therefore, every route was a closed loop, once done a 

new one could be started unless the Approve event occurred, which finalized the process. The 

conformance level was determined in accordance to the explicitly defined process rules as the 

percent of correctly performed cases of the total number of cases. 

4 RESULTS 

In this section, the descriptive statistics are presented first, after which the testing results of the 

hypotheses posed in 3.3 are described. 

4.1 DESCRIPTIVE STATISTICS 
First, the data resulting from the survey is presented followed by the descriptive statistics of the 

process mining analysis. 

4.1.1 Survey statistics 
Table 12 and Table 13 show the means and standard deviations of all the evaluated constructs 

of both BPM capabilities and perceived process conformance. The means were calculated as 

composite scores as was suggested by both survey authors (Benraad, 2017; Looy, 2019). At first 

glance, the outcomes appear to be similar. For BPM capabilities, department D has relatively 

higher scores compared to the other departments, whereas for perceived process 

conformance, department B scores relatively worse compared to the others. 
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Table 12. BPM capabilities constructs basic statistics 

 

Table 13. Perceived process conformance constructs basic statistics 

 

4.1.2 Process mining statistics 
The gathered data for the four departments via TrackWise were extracted from the TeraData 

database and analyzed in DISCO. Three metrics were the result of the analysis. The 

conformance of the departments, their number of variants, and the ratio of the number of 

variants and the number of cases is shown in Table 14.  

Table 14. Variants and conformance statistics 

 

The data was based on the event logs of the complaint handling process from Q4 of 2018 and 

Q1, Q2, and Q3 of 2019. The conformance was based on the explicitly defined complaint 

investigation process that is shown in Figure 7. As can be seen in Table 14, major differences 

were found between the departments, with department C showing a much better consistency 

in process execution when compared to the other departments. Striking is also department A 

which has a relatively large number of variants and a relatively low process conformance. It has 

to be noted that department D scored relatively high compared to most other departments but 

department C still greatly outperformed the rest with 94% conformance level. 

Departments Frequency Mean Std dev Mean Std dev Mean Std dev

A 11 3.54 0.48 3.35 0.55 3.55 0.41

B 8 3.71 0.46 3.35 0.83 3.62 0.51

C 4 3.67 0.43 3.67 0.45 3.79 0.71

D 10 4.15 0.52 4.19 0.46 4.22 0.44

Lifecycle Management Culture

Departments Frequency Mean Std dev Mean Std dev Mean Std dev

A 11 3.83 0.74 4.17 0.63 4 0.66

B 8 3.5 0.67 3.4 0.53 3.53 0.57

C 4 3.92 0.14 3.92 0.14 3.92 0.14

D 10 4.03 0.63 4.28 0.63 4.16 0.58

Perceived 

conformance
Ability Willingness

Type\Departments A B C D

Conformance 46% 69% 94% 73%

# variants 1635 829 124 333

# variants/# cases 50% 43% 8% 26%
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4.2 HYPOTHESES TESTING 

4.2.1 Relation between BPM capabilities on actual process conformance 
This research assumed that all departments executed the same explicitly defined complaint 

process, with same restrictions. These assumptions were satisfied as is shown in the Case  3.4.1. 

The main difference of the sites were the complaint specialists who execute the process.  

Before analyzing different outcomes of the departments, a normality check had to be 

performed. Because of the low sample size the Shapiro-Wilk normality test was applied, which 

according to Razali and Wah (2011) is the most powerful test in these scenarios. 

Table 15. Shapiro-Wilk test scores 

 
As can be seen in Table 15, for department D the hypothesis for normality had to be rejected 

for both the process management capability and process culture construct. This outcome is not 

problematic, in addition to the Shapiro-Wilk test outcomes, the normality assumption is often 

disputed when ordinal scale Likert questionnaires are used (Leung, 2011). Therefore, the non-

parametric Kruskal-Wallis H test was the most appropriate test to compare the means of the 

departments’ culture with each other (Field, 2009).  

Table 16. Kruskal-Wallis test scores 

 

Note that with the Kruskal-Wallis test, the samples are compared with each other. When one is 

found to stochastically dominate the others then the test rejects the hypothesis of the samples 

stemming from the same distribution. In both process management capability and process 

culture at least one sample is stochastically dominating other samples, as can be seen in Table 

16. No significant difference between samples were found for the process lifecycle capability 

construct at a 0.05 significance level, although with a value of 0.073 it is barely insignificant. 

This analysis can be seen visually in the following boxplots of the three constructs’ samples in 

Figure 8, Figure 9, and Figure 10. 

BPM capability \Department A B C D

Lifecycle p-value 0.90 0.39 0.13 0.12

Management p-value 0.71 0.98 0.34 0.05

Culture p-value 0.49 0.17 0.52 0.02

BPM capability χ2(3) score p-value

Lifecycle 6.97 0.073

Management 10.56 0.014

Culture 9.27 0.026
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Figure 8. Process lifecycle capability boxplots of every department

 

Figure 9. Process management capability boxplots for every department 
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Figure 10. Process culture boxplots for every department 

It can be seen in Figure 8 that the process lifecycle capability are similar across departments. 

For process management capability in Figure 9, department D scores higher than the other 

departments, whereas for process culture in Figure 10, department A scores lower than the 

other departments. To determine whether these observed differences were also significant, 

pair-wise comparisons was performed. The Mann-Whitney U test was performed can 

determine if two samples are stochastically different when the values are ordinal (McKnight & 

Najab, 2010). The results of this analysis are shown in Table 17. 

Table 17. P-values of Mann-Whitney U test 

 

 

Departments A B C D

A - 0.59 0.64 <0.01

B - 0.84 0.01

C - 0.4

D -

Process lifecycle capability Mann-Whitney U test

Departments A B C D

A - 0.87 0.39 <0.01

B - 0.61 0.02

C - 0.11

D -

Process management capability Mann-Whitney U test
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The Mann-Whitney U test showcased similarities across the three constructs. Only the sample 

of department D, for all three constructs, was found to be significantly higher compared to 

department A and B with a confidence level of 0.05.  

To summarize, for process lifecycle capability, for process management capability, and for 

process culture, department D has significantly higher scores than department A and B. 

Furthermore, reflecting back to the actual process conformance statistics shown in Table 14, 

department D also scores higher than department A and B for actual process conformance. 

Therefore, it was found that when a department scores significantly higher for BPM capabilities, 

then the department also scores higher for actual process conformance score. However, even 

though there are no statistically significant differences between department C and department 

D in terms of BPM capabilities score, department C still scores better in terms of actual process 

conformance. Therefore, only some evidence was found to support the hypotheses. 

4.2.2 Influence of BPM capabilities on perceived process conformance 

4.2.2.1 Model requirements 

For this analysis, PLS-SEM was performed with the SmartPLS3 tool. To determine the effects of 

BPM capabilities on perceived process conformance, the data of the departments was 

combined such that a sample size of 33 was achieved. When SEM was initially discovered, it 

was believed that a sample size of 200-300 cases had to be achieved (Bentler & Chou, 1987). 

However, more recent research and modelling has determined that depending on the situation, 

smaller sample sizes are sufficient (Deng, Yang, & Marcoulides, 2018; Wolf, Harrington, Clark, & 

Miller, 2013). Especially Wolf and colleagues (2013) have set the trend in research that for 

simple models, a sample size of 30 could still be sufficient. Because the sample size of 33 is 

small, the model had to be as simple as possible. Therefore, not all construct dimensions of 

BPM capabilities were added in the model, meaning that the lower-order constructs from Table 

4 were used as observed variables and the 2nd order construct were used as the latent variable 

to determine its effects on the second latent variable perceived process conformance. The 

models are shown in Figure 11. 

Departments A B C D

A - 0.59 0.64 <0.01

B - 0.47 0.03

C - 0.67

D -

Process culture Mann-Whitney U test
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Figure 11. SEM models 
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4.2.2.2 Model reliability and validity 

Before the outcome of the model can be analyzed, it is required to determine the reliability and 

validity of the model. Reliability refers to the stability and consistency of the measuring 

instruments, validity then determines how accurate the measuring instrument is (Janadari, 

Subramaniam, Sri Ramalu, & Wei, 2018). This involved assessing the composite reliability and 

Cronbach Alpha for reliability, and convergent validity and discriminant validity for validity 

(Joseph Hair, Ringle, & Sarstedt, 2013).  

Starting with the reliability tests, both the Cronbach Alpha and composite reliability values were 

obtained for the models and are depicted in Table 18. The Cronbach Alpha is higher than 0.7 

indicating that the internal reliability of the constructs are achieved (Pallant, 2007). Similarly, 

the score for the composite reliability is also higher than 0.7, which is an indication for good 

construct reliability (Henseler & Sarstedt, 2013). 

Table 18. Reliability test-scores 

 

The average variance extracted (AVE) was examined for the convergent validity of the model. 

The AVE values, shown in Table 19, indicated higher values than the required 0.5 for a 

satisfactory discriminant validity (Joseph Hair et al., 2013).  

Table 19. Validity test-scores 

 

The AVE values were also used for determining the discriminant validity with the Fornell-

Larcker criterion (1981). The square-root of the AVE had to be greater than its correlation with 

the other constructs. The model satisfied this requirement, which can be seen in column three 

and four in Table 19. Discriminant validity was further confirmed by the HTMT scores. With a 

value of 0.217, 0.142, and 0.336, the requirement of a score between -1 and 1 was satisfied 

(Fassott, Henseler, & Coelho Pedro, 2016). Combining these test results suggested support for 

the model’s reliability and validity. 

Variable Cronbach Alpha (>0.7) Composite reliability (>0.7)

Process lifecycle capabilities                           Model 1 0.829 0.911

Process management capabilities                 Model 2 0.955 0.964

Process culture                                                      Model 3 0.822 0.908

Perceived process conformance             Model 1,2,3 0.867 0.937

Variable AVE (>0.5) √AVE (>Correlation) Correlation

Process lifecycle capabilities                           Model 1 0.699 0.836 0.308

Perceived process conformance 0.870 0.933 0.308

Process management capabilities                 Model 2 0.871 0.933 0.169

Perceived process conformance 0.882 0.939 0.169

Process culture                                                      Model 3 0.832 0.912 0.566

Perceived process conformance 0.881 0.939 0.566
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4.2.2.3 Model’s path estimation and assessment  

Joe Hair, Sarstedt, Hopkins, and Kuppelwieser (2014) proposed a five-step procedure for 

assessing the actual model. Firstly, the collinearity issue needed to be examined. This was done 

by deriving the variance inflation factor (VIF) where a value of <5 is commonly defined as 

satisfactory (Sheather, 2009). This is where the quality of the models starts to diverge. As can 

be seen in in Table 20, both model 1 and model 2, the process lifecycle capabilities and process 

management capabilities respectively, do not completely satisfy this requirement. However, 

according to Kutner and colleagues (2005), because the VIF scores are regarding the outer 

model, the inner model’s VIF scores meet the requirement of a value of <5, and that values are 

still below 10, then it can be considered sufficient for a reflective model. 

Table 20. VIF scores SEM-models 

 
 

Secondly, the significance of the path coefficients needs to be assessed. The bootstrapping 

technique is the best approach for testing the significance of path coefficients in PLS (Chin, 

2010). Only process culture, model 3, achieved significance with a t-value of 4.115, which 

resulted in a p-value of <0.001. Therefore, the path coefficient of Process culture on Perceived 

process conformance was found to be significant. The effect of the other two models, process 

lifecycle capabilities and process management capabilities, was found to be insignificant. 

This was further confirmed by step three, four, and five. These were the R2 value, f2 value, and 

Q2 value, and represent the predictive power, the impact of the constructs, and the predictive 

relevance of the model respectively.  

Table 21. Significance measures outcome for PLS-SEM modelling 

 

The R2 and f2 scores were found to be insignificant, for both model 1 and model 2. Furthermore, 

with a negative and a very low Q2 value for these two models, there was no meaningful 

influence found of process lifecycle capabilities and process management capabilities on 

perceived process conformance. However, for process culture, the values for R2 (p-value of 

Variable model 1 VIF model 1 Variable model 2 VIF model 2 Variable model 3 VIF model 3

Plan 1.714 Strategy 2.407 Values 2.133

Do 2.074 Relationships 6.566 Rewards 1.117

Check 6.807 Roles 9.581 Commitment 2.148

Act 5.210 Skills 6.028

Ability 2.407 Ability 2.407 Ability 2.407

Willingness 2.407 Willingness 2.407 Willingness 2.407

Influence on perceived process conformance by R2 f2 Q2

Process lifecycle capabilities 0.095 0.105 <0

Process management capabilities 0.029 0.030 0.005

Process culture 0.320 0.471 0.191
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0.012), f2 (value >0.3), and Q2 (>0), indicate a significant influence on perceived process 

conformance (Hair et al., 2013). This can be seen in Table 21. 

5 DISCUSSION 

This research revealed some interesting findings. The purpose was to investigate different 

departments who had to perform the same explicitly defined process, used the same tool, and 

dealt with very similar restrictions. Even though the departments reported to the same higher 

manager, and worked together in their complaint handling efforts, the findings showed that 

their execution of the process was different. Davison and colleagues (2019) showed that 

process adoption within one company could lead to different process executions. This research 

confirmed this result. The results show that the process had different executions and different 

conformance levels, as shown in Table 14.  

Many causes have been attributed to workarounds, showing that for example misalignment of 

IS systems (Drum et al., 2017) or ease of use (Lee et al., 1996) can lead to workarounds. These 

causes have drastic impact, and therefore it makes sense that these can result in workarounds 

(Friedman et al., 2014). However, as is shown in this research, workarounds emerge when 

differences are subtler and when the causes are less obvious. Research in this area has been 

limited and the purpose of this study was therefore to explain why these differences in 

workarounds occur, and consequently, differences in conformance level occur.  

However, it is difficult to put the differences between conformance levels found in this study 

into perspective. Davison and colleagues' (2019) case study also found major differences 

between departments but these were not as homogenous. Furniss and colleagues (2016) 

compared the data collection process of patients between different doctors and found major 

differences in efficiency and execution, but there was significant freedom in the program’s 

interface that was not present in this study. The gravity of the workarounds cannot be 

compared directly because different consequences and measures are present. Fact of the 

matter is that when workaround causes cited by other studies (Drum et al., 2017; Lee et al., 

1996; Nadhrah & Michell, 2013; Outmazgin & Soffer, 2013; Yeung et al., 2012) are held 

constant, workarounds still appear, in different manners, across homogenous departments in 

terms of BPM capabilities. 

5.1 RELATION BETWEEN THE BPM CAPABILITIES AND PROCESS CONFORMANCE 
The research purpose was to determine whether the level of the BPM capabilities would be 

able to explain the differences in process execution. However, the only significant difference 

found is that department D scored significantly higher compared to department A and B. There 

are possible explanations for this. Firstly, even though the BPM capabilities framework provides 

an indication of the current level of the department, it might be too general to find differences 

between the same departments across one organization. The analyzed organization in this 
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research has made efforts to make the departments as homogenous as possible, and it is very 

likely the subtler nuances that might remain after these efforts couldn’t be pinpointed by the 

framework. Contributing to this, some respondents expressed that the questions were difficult 

to understand. The respondents are not natives to the English language, which might have 

affected their ability to answer the questions that do reflect on the subtle differences of the 

departments. 

However, some aspects of department D, the significant outlier, have to be noted in contrast to 

the other departments. For instance, department D scored both significantly higher for the 

BPM capabilities, and higher for actual process conformance compared to department A and B. 

Furthermore, while there was no significant difference found between department C and D, 

and department C scoring the best for actual process conformance, it has to be noted that 

department C could be an anomaly. Analysis showed an unusual low number of variants 

compared to the other departments, in addition, department C only had four team members 

whereas the other departments had at least 10 members. The department size could be an 

explanation for the number of variants. Because the department has fewer team members, it 

can result in less individual styles in executing the process. This in turn leads to fewer variants 

and higher actual process conformance. When department C is considered as an outlier, then 

the data suggests that there could be a relation between BPM capabilities and actual process 

conformance.  

5.2 INFLUENCE OF BPM CAPABILITIES ON PERCEIVED PROCESS CONFORMANCE 
This research concluded that for process culture, a significant influence could be determined on 

perceived process conformance, whereas for both process lifecycle capability and process 

management capability no significant influence was found. Comparatively, this corroborates 

Benraad's (2017) findings who also found a positive influence of BPM supportive culture on 

perceived process conformance.  

The reason why the influence of process lifecycle capabilities and process management 

capabilities was not significant, could be because of the data that was collected. Even though 

Wolf and colleagues (2013) showed that it was possible to utilize PLS-SEM analysis on small 

data sizes, it has to be noted that when the departments were compared with each other, there 

was no clear stochastic difference between the departments. Furthermore, the boxplots in 

Figure 8, Figure 9, Figure 10, and the descriptive statistics in Table 12, show that the spread of 

the questionnaire is not large. This means that the differences between cases is relatively subtle 

and therefore indicates homogeneous data. With a smaller sample size these differences are 

more difficult to pinpoint (Lenth, 2001). The study performed by Benraad (2017), who used 

similar Likert scale questionnaires and the same framework for perceived process conformance, 

had a much bigger dataset of 178 cases. Therefore, it could be that the more subtle differences 

could be detected in her study and consequently lead to finding a positive influence, whereas 

this influence did not become apparent in this study.  
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6 CONCLUSIONS  

The purpose of this research was to discover the relation between BPM capabilities, perceived 

process conformance, and actual process conformance.  

The data were collected in two ways, BPM capabilities and perceived process conformance data 

were gathered through a survey, and the process data were gathered through the complaint 

handling system database. As is shown in Table 22, there was some evidence found on the 

positive relation between the three BPM capabilities constructs and actual process 

conformance. No evidence was found on the relation between perceived process 

conformance’s and actual process conformance. Furthermore, the positive influence of process 

lifecycle capability and process management capability on perceived process conformance was 

rejected. However, the hypothesis of the positive influence of process culture on perceived 

process conformance was accepted, indicating that higher levels of process-oriented culture 

have significant influence on the level of perceived process conformance, which is, in turn, 

presumed to indicate actual process conformance (Zazworka et al., 2010). Hence, in 

organizations where process conformance is of high importance, special attention should be 

paid on establishing a process-oriented culture. Since process-oriented culture is an important 

driver for BPM success (Münstermann et al., 2010), it remains an important factor that 

organizations need to strive for to improve process performance and conformance (Gerber et 

al., 2016). 

Table 22. Hypotheses testing results 

 

There are also other practical implications that can be derived from this empirical research. 

First and foremost, organizations need to be aware that workarounds can occur across 

homogeneous departments. Even though aiming for homogeneity brings structure and ease of 

measurement, it does not result in having to deal with the same breaches of conformance 

across departments. Moreover, the research was performed in an organization who operate in 

an industry where process conformance is of high importance. These departments are aware of 

the importance of conformance and strive to be as conforming to the explicitly defined process 

as possible. Still, significant differences in executions were found, which resulted in variants 

Colu Hypothesis Result

H1a
Process lifecycle capability has a positive relation with the actual process conformance 

of each department. Some evidence found

H1b
Process management capability has a positive relation with the actual process 

conformance of each department. Some evidence found

H1c
Process culture has a positive relation with the actual process conformance of each 

department. Some evidence found

H2a
Process lifecycle capability has a positive influence on the perceived process 

conformance. Rejected

H2b
Process management capability has a positive influence on the perceived process 

conformance. Rejected

H2c Process culture has a positive influence on the perceived process conformance. Accepted
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straying from the explicitly defined business process. It is clear that only awareness of 

conformance rules is not sufficient and additional measures need to be taken when processes 

are required to be executed in conformance with their defined models. 

6.1 LIMITATIONS AND FUTURE RESEARCH 
There are some limitations to this research. First, the study was conducted within one 

organization. This provided an opportunity in comparing different homogeneous departments 

and the emergence of workarounds, but this also means that this could be solely applicable to 

this organization or industry. This especially holds because the organization operates in medical 

device manufacturing industry, which has many regulations. This limitation could be alleviated 

by upscaling the research. Involving more organizations, from different industries, could 

increase the generalizability. This would also benefit the sample size for the survey. The sample 

size was limited in this research because of the departments’ size, and could be increased by 

involving more similar departments from other organizations and industries. 

The generalizability is further affected by the fact that only four departments were compared. It 

is not possible to support these findings statistically and therefore the possibility exist that the 

observations were an outlier. It was not possible to measure actual process conformance on an 

individual level due to organizational rules. Combining different organizations where it is 

possible to measure actual process conformance on the individual level could improve both 

generalizability and statistical support.  

Explaining the vast differences between the departments remains a topic of interest. Future 

research could focus on fine-tuning the frameworks. It appears that BPM capabilities, and as an 

extension to maturity frameworks, focus on the general level of an organization, and therefore 

are better suited to determine the level of an organization’s BPM capability in general. When 

subtle nuances need to be detected, more specific methods are needed to uncover them. This 

fine-tuning process could also involve exploring frameworks from different backgrounds and 

widen the scope to determine if and how they relate to the actual process conformance. 

Another approach is to disregard the explanatory framework approach and determine if actual 

process conformance can be influenced through the process mining side. It is possible to utilize 

continuous process conformance feedback (Jans & Hosseinpour, 2019) and determine whether 

improvements were made before and after implementation.  
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8 APPENDIX 

 

Appendix A TERADATA QUERY FOR ACTIVITIES 
SELECT  
act.ID as ID,  
to_char(act.DATE_PERFORMED,'dd-mm-yyyy hh:mi:ss') as DATE_PERFORMED,  
act.TYPE_ID as TYPE_ID,  
act.TYPE_NAME as TYPE_NAME, 
act.COMPLAINT_FK_ID_IN_SOURCE as COMPLAINT_FK_ID_IN_SOURCE, 
act.RESPONSIBLE_PERSON_FK_ID_IN_SOURCE as RESPONSIBLE_PERSON_FK_ID_IN_SOURCE  
FROM 
P0_IM_CORE_V.COM_TWCOMPLAINT_ACTIVITY act 
INNER JOIN 
( 
             SELECT com.ID_IN_SOURCE 
             FROM P0_IM_CORE_V.COM_COMPLAINT com 
             where com.IS_LAST_VERSION='Y' 
             and com.IS_DELETED = 'N' 
             and com.FACILITATING_ENTITY_IN_SOURCE_FK_FACILITATING_ENTITY_IN_SOURCE='Invivo PMS' 
             and com.IS_CLOSED='Y' 
And com.Disposition='Complaint' 
             and com.CLOSED_DATE> cast('30-06-2018' as date format 'dd-mm-yyyy') 
             and com.CLOSED_DATE< cast('01-10-2019' as date format 'dd-mm-yyyy') 
       ) Complaint 
ON act.COMPLAINT_FK_ID_IN_SOURCE=Complaint.ID_IN_SOURCE 
INNER JOIN 

(select ID_IN_SOURCE, FAMILY_NAME from P0_IM_CORE_V.COM_PERSON pers where 
IS_LAST_VERSION='Y') Pers 
ON act.RESPONSIBLE_PERSON_FK_ID_IN_SOURCE = Pers.ID_IN_SOURCE 
WHERE act.IS_LAST_VERSION='Y' 
and act.IS_DELETED='N' 
and act.TYPE_NAME IN('Open', 'Close', 'Initiated Date Changed', 'Initiate conversion','Non Complaint 
Disposition Changed','Become Aware Date Changed' )  
       OR (act.STATUS_ORIGIN_FK_STATUS_IN_SOURCE<>act.STATUS_AFTER_FK_STATUS_IN_SOURCE) 
       OR ((not Pers.FAMILY_NAME like '%TW%') AND act.TYPE_NAME IN 
             ('Adverse Event Inv. Required', 
'Adverse Event Investigation Complete', 
'Approve', 
'Assign', 
'Assign Technical Investigator', 
'Become Aware Date', 
'Cancel', 
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'Change to Complaint', 
'Close Adverse Event Inv Complete', 
'Close No Further Inv Required', 
'Close Non Complaint', 
'Close Product Investigation Complete', 
'Close Reopened', 
'Close Reopened - No Further Invest.', 
'Close as Duplicate', 
'Close as Info Only', 
'Close as Non-Complaint', 
'Close as Parts Only', 
'Close as Service Event', 
'Coding Entity Changed', 
'Convert SO to Compl', 
'Convert SO to Complaint', 
'Convert to Adverse Event Investigation', 
'Convert to Complaint', 
'Convert to Product Investigation', 
'Date Investigator Assigned Changed', 
'Date Opened Changed', 
'Decision Tree Complete Changed', 
'Decision Tree Iterations Changed', 
'Disposition Changed', 
'Investigation Summary Changed', 
'Investigation Summary Text Changed', 
'Linked Eng ID Number Changed', 
'Move to Pending Assignment', 
'No Further Inv. Required', 
'Non Complaint Closed On Changed', 
'Open', 
'PIMR Form Submitted Changed', 
'PSA Changed', 
'PSE Changed', 
'Parts Failed Changed', 
'Potential Safety Changed', 
'Process as Complaint', 
'Prod. Inv. Required', 
'Product Investigation Complete', 
'Re-Assign', 
'Re-Evaluate', 
'Re-Open', 
'Re-Open Non Complaint', 
'Re-Work', 
'ReOpen Approve', 
'ReOpened AE Investigation Complete', 
'ReOpened Close as Duplicate', 
'ReOpened No FI Required - AE', 
'ReOpened No FI Required - Prod', 
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'ReOpened Prod Investigation Complete', 
'Reject to Investigate', 
'Reject to Open', 
'Reject to ReOpen', 
'Reminder', 
'Reopen')) 

Appendix B  TERADATA QUERY FOR CREATED DATE 
SELECT  
0 as ID, 
to_char(com.CREATED_DATE,'dd-mm-yyyy hh:mi:ss') as DATE_PERFORMED, 
0 as TYPE_ID,  
'CREATED (Based on Created Date)' as TYPE_NAME, 
com.ID_IN_SOURCE as COMPLAINT_FK_ID_IN_SOURCE, 
'-' as RESPONSIBLE_PERSON_FK_ID_IN_SOURCE 
from  P0_IM_CORE_V.COM_COMPLAINT com 
where com.IS_LAST_VERSION='Y' 
             and com.IS_DELETED = 'N' 
And com.Disposition='Complaint' 
             and com.FACILITATING_ENTITY_IN_SOURCE_FK_FACILITATING_ENTITY_IN_SOURCE='Invivo PMS' 
             and com.IS_CLOSED='Y' 
 
             and com.CLOSED_DATE> cast('30-09-2018' as date format 'dd-mm-yyyy') 
             and com.CLOSED_DATE< cast('01-10-2019' as date format 'dd-mm-yyyy') 
             and com.CREATED_DATE IS NOT NULL 

Appendix C  TERADATA QUERY FOR CLOSED DATE 
UNION 
SELECT  
0 as ID, 
to_char(com.CLOSED_DATE,'dd-mm-yyyy hh:mi:ss') as DATE_PERFORMED, 
0 as TYPE_ID,  
'CLOSED (Based on Closed Date)' as TYPE_NAME, 
com.ID_IN_SOURCE as COMPLAINT_FK_ID_IN_SOURCE, 
'-' as RESPONSIBLE_PERSON_FK_ID_IN_SOURCE 
from  P0_IM_CORE_V.COM_COMPLAINT com 
where  com.IS_LAST_VERSION='Y' 
           and com.IS_DELETED = 'N' 

and com.Disposition='Complaint' 
and com.FACILITATING_ENTITY_IN_SOURCE_FK_FACILITATING_ENTITY_IN_SOURCE='Invivo 
PMS'      

and com.IS_CLOSED='Y'           
and com.CLOSED_DATE> cast('30-09-2018' as date format 'dd-mm-yyyy')            
and com.CLOSED_DATE< cast('01-10-2019' as date format 'dd-mm-yyyy') 
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Appendix D   R SCRIPT FOR DATA PROCESSING 
##### 1. Import DATA set ##### 
setwd("C:/Users/320076623/Documents/R Analysis Folder") 
 
#################### 
########BEST######## 
#################### 
 
ActivitiesBest <- read.csv("Complaint Record Activities_BEST_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
CreatedBest <- read.csv("Complaint Record Created_BEST_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
ClosedBest <- read.csv("Complaint Record Closed_BEST_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
 
S10 <- CreatedBest 
SA10 <- 
ClosedBest[ClosedBest$COMPLAINT_FK_ID_IN_SOURCE%in%S10$COMPLAINT_FK_ID_IN_SOURCE,] 
SAM10 <- 
ActivitiesBest[ActivitiesBest$COMPLAINT_FK_ID_IN_SOURCE%in%S10$COMPLAINT_FK_ID_IN_SOURCE,] 
 
 
##### 2. Link case ID to singular event ##### 
Best1 <- S10[,c(2,4,5)]; 
Best1 <- Best1[c(3,1,2)]; 
names(Best1) <- c("Unique ID","Time Stamp","Operation"); 
 
Best2 <- SA10[,c(2,4,5)]; 
Best2 <- Best2[c(3,1,2)]; 
names(Best2) <- c("Unique ID","Time Stamp","Operation"); 
 
Best3 <- SAM10[,c(2,4,5)]; 
Best3 <- Best3[c(3,1,2)]; 
names(Best3) <- c("Unique ID","Time Stamp","Operation"); 
 
 
##### 3. Combine above datasets in one file 3 column disco-ready file ##### 
Best <- rbind(Best1,Best2,Best3) 
Best$Site <- "Best" 
names(Best) <- c("Unique ID","Time Stamp","Operation","Site"); 
 
write.csv(Best,"Philips Best Disco.csv", row.names=FALSE) 
 
##################### 
#######HAMBURG####### 
##################### 
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ActivitiesHamburg <- read.csv("Complaint Record Activities_Hamburg_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
CreatedHamburg <- read.csv("Complaint Record Created_HAMBURG_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
ClosedHamburg <- read.csv("Complaint Record Closed_HAMBURG_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
 
 
S11 <- CreatedHamburg 
SA11 <- 
ClosedHamburg[ClosedHamburg$COMPLAINT_FK_ID_IN_SOURCE%in%S11$COMPLAINT_FK_ID_IN_SOU
RCE,] 
SAM11 <- 
ActivitiesHamburg[ActivitiesHamburg$COMPLAINT_FK_ID_IN_SOURCE%in%S11$COMPLAINT_FK_ID_IN
_SOURCE,] 
 
 
##### 2. Link case ID to singular event ##### 
Hamburg1 <- S11[,c(2,4,5)]; 
Hamburg1 <- Hamburg1[c(3,1,2)]; 
names(Hamburg1) <- c("Unique ID","Time Stamp","Operation"); 
 
Hamburg2 <- SA11[,c(2,4,5)]; 
Hamburg2 <- Hamburg2[c(3,1,2)]; 
names(Hamburg2) <- c("Unique ID","Time Stamp","Operation"); 
 
Hamburg3 <- SAM11[,c(2,4,5)]; 
Hamburg3 <- Hamburg3[c(3,1,2)]; 
names(Hamburg3) <- c("Unique ID","Time Stamp","Operation"); 
 
 
##### 3. Combine above datasets in one file 3 column disco-ready file ##### 
Hamburg <- rbind(Hamburg1,Hamburg2,Hamburg3) 
Hamburg$Site <- "Hamburg" 
names(Hamburg) <- c("Unique ID","Time Stamp","Operation","Site"); 
 
write.csv(Hamburg,"Philips Hamburg Disco.csv", row.names=FALSE) 
 
##################### 
########Suzhou####### 
##################### 
 
ActivitiesSuzhou <- read.csv("Complaint Record Activities_SUZHOU_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
CreatedSuzhou <- read.csv("Complaint Record Created_SUZHOU_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
ClosedSuzhou <- read.csv("Complaint Record Closed_SUZHOU_since 01-Oct-2018.txt",header = 
TRUE,sep ="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
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S12 <- CreatedSuzhou 
SA12 <- 
ClosedSuzhou[ClosedSuzhou$COMPLAINT_FK_ID_IN_SOURCE%in%S12$COMPLAINT_FK_ID_IN_SOURCE
,] 
SAM12 <- 
ActivitiesSuzhou[ActivitiesSuzhou$COMPLAINT_FK_ID_IN_SOURCE%in%S12$COMPLAINT_FK_ID_IN_SO
URCE,] 
 
 
##### 2. Link case ID to singular event ##### 
Suzhou1 <- S12[,c(2,4,5)]; 
Suzhou1 <- Suzhou1[c(3,1,2)]; 
names(Suzhou1) <- c("Unique ID","Time Stamp","Operation"); 
 
Suzhou2 <- SA12[,c(2,4,5)]; 
Suzhou2 <- Suzhou2[c(3,1,2)]; 
names(Suzhou2) <- c("Unique ID","Time Stamp","Operation"); 
 
Suzhou3 <- SAM12[,c(2,4,5)]; 
Suzhou3 <- Suzhou3[c(3,1,2)]; 
names(Suzhou3) <- c("Unique ID","Time Stamp","Operation"); 
 
 
##### 3. Combine above datasets in one file 3 column disco-ready file ##### 
Suzhou <- rbind(Suzhou1,Suzhou2,Suzhou3) 
Suzhou$Site <- "Suzhou" 
names(Suzhou) <- c("Unique ID","Time Stamp","Operation","Site"); 
 
write.csv(Suzhou,"Philips Suzhou Disco.csv", row.names=FALSE) 
 
#################### 
########IC######## 
#################### 
 
ActivitiesIC <- read.csv("Complaint Record Activities_IC_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
CreatedIC <- read.csv("Complaint Record Created_IC_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
ClosedIC <- read.csv("Complaint Record Closed_IC_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
 
S13 <- CreatedIC 
SA13 <- ClosedIC[ClosedIC$COMPLAINT_FK_ID_IN_SOURCE%in%S13$COMPLAINT_FK_ID_IN_SOURCE,] 
SAM13 <- 
ActivitiesIC[ActivitiesIC$COMPLAINT_FK_ID_IN_SOURCE%in%S13$COMPLAINT_FK_ID_IN_SOURCE,] 
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##### 2. Link case ID to singular event ##### 
IC1 <- S13[,c(2,4,5)]; 
IC1 <- IC1[c(3,1,2)]; 
names(IC1) <- c("Unique ID","Time Stamp","Operation"); 
 
IC2 <- SA13[,c(2,4,5)]; 
IC2 <- IC2[c(3,1,2)]; 
names(IC2) <- c("Unique ID","Time Stamp","Operation"); 
 
IC3 <- SAM13[,c(2,4,5)]; 
IC3 <- IC3[c(3,1,2)]; 
names(IC3) <- c("Unique ID","Time Stamp","Operation"); 
 
 
##### 3. Combine above datasets in one file 3 column disco-ready file ##### 
IC <- rbind(IC1,IC2,IC3) 
IC$Site <- "IC" 
names(IC) <- c("Unique ID","Time Stamp","Operation","Site"); 
 
write.csv(IC,"Philips IC Disco.csv", row.names=FALSE) 
 
#################### 
########AMI######## 
#################### 
 
ActivitiesAMI <- read.csv("Complaint Record Activities_AMI_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
CreatedAMI <- read.csv("Complaint Record Created_AMI_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
ClosedAMI <- read.csv("Complaint Record Closed_AMI_since 01-Oct-2018.txt",header = TRUE,sep 
="\t",dec=",",numerals="warn.loss",as.is = TRUE,stringsAsFactors =FALSE) 
 
 
S14 <- CreatedAMI 
SA14 <- 
ClosedAMI[ClosedAMI$COMPLAINT_FK_ID_IN_SOURCE%in%S14$COMPLAINT_FK_ID_IN_SOURCE,] 
SAM14 <- 
ActivitiesAMI[ActivitiesAMI$COMPLAINT_FK_ID_IN_SOURCE%in%S14$COMPLAINT_FK_ID_IN_SOURCE,] 
 
 
##### 2. Link case ID to singular event ##### 
AMI1 <- S14[,c(2,4,5)]; 
AMI1 <- AMI1[c(3,1,2)]; 
names(AMI1) <- c("Unique ID","Time Stamp","Operation"); 
 
AMI2 <- SA14[,c(2,4,5)]; 
AMI2 <- AMI2[c(3,1,2)]; 
names(AMI2) <- c("Unique ID","Time Stamp","Operation"); 
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AMI3 <- SAM14[,c(2,4,5)]; 
AMI3 <- AMI3[c(3,1,2)]; 
names(AMI3) <- c("Unique ID","Time Stamp","Operation"); 
 
 
##### 3. Combine above datasets in one file 3 column disco-ready file ##### 
AMI <- rbind(AMI1,AMI2,AMI3) 
AMI$Site <- "AMI" 
names(AMI) <- c("Unique ID","Time Stamp","Operation","Site"); 
 
write.csv(AMI,"Philips AMI Disco.csv", row.names=FALSE) 
 
COMBINED <- rbind(Best,AMI,IC,Hamburg,Suzhou); 
COMBINED$`Time Stamp` <- gsub("-","/",COMBINED$`Time Stamp`); 
COMBINED$Operation <- gsub("Reject to ReOpen","Reject to Open",COMBINED$Operation); 
COMBINED <- COMBINED[!COMBINED$Operation %in% c("Ack1 Received", 
                                                "Ack2 Received", 
                                                "Ack3 Received - Report Accepted", 
                                                "Ack3 Received - Report Rejected", 
                                                "Admin Event", 
                                                "Assign Technical Investigator", 
                                                "Change to Complaint", 
                                                "Close", 
                                                "Close as Duplicate", 
                                                "Close as Non-Complaint", 
                                                "Close as Service Event", 
                                                "Close No Further Inv Required", 
                                                "Close Non Complaint", 
                                                "Complete Follow Up Regulatory Report", 
                                                "Complete Follow-Up", 
                                                "Complete Initial Regulatory Report", 
                                                "Complete Regulatory Report", 
                                                "Complete RFA Info Regulatory Report", 
                                                "Continue Follow up", 
                                                "Convert SO to Compl", 
                                                "Convert SO to Complaint", 
                                                "Convert to Adverse Event Investigation", 
                                                "Convert to Complaint", 
                                                "Date Investigator Assigned Changed", 
                                                "Decision Tree Complete Changed", 
                                                "Decision Tree Iterations Changed", 
                                                "Disposition Changed", 
                                                "Do Not Mail Report", 
                                                "Final Submission", 
                                                "Initiate conversion", 
                                                "Initiated Date Changed", 
                                                "Investigation Summary Changed", 
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                                                "Investigation Summary Text Changed", 
                                                "Linked Eng ID Number Changed", 
                                                "Mailed Complete Report", 
                                                "Mailed Follow-Up Report", 
                                                "Mailed Initial Report", 
                                                "Move to Awaiting FDA Ack", 
                                                "Move to Awaiting FDA RFA Ack", 
                                                "Move to Pending Assignment", 
                                                "Non Complaint Closed On Changed", 
                                                "Non Complaint Disposition Changed", 
                                                "On Demand Translation-High", 
                                                "On Demand Translation-Normal", 
                                                "Parts Failed Changed", 
                                                "Regulatory Approval", 
                                                "Process as Complaint", 
                                                "Process as Non Complaint", 
                                                "PSA Changed", 
                                                "PSE Changed", 
                                                "Re-Open Non Complaint", 
                                                "Reminder", 
                                                "ReOpened AE Investigation Complete", 
                                                "ReOpened Close as Duplicate", 
                                                "ReOpened No FI Required - AE", 
                                                "ReOpened No FI Required - Prod", 
                                                "ReOpened Prod Investigation Complete", 
                                                "Re-Work", 
                                                "Send For Translation", 
                                                "Translation Complete", 
                                                "Translation Not Required", 
                                                "Transmit Follow Up Report", 
                                                "Transmit Initial Report", 
                                                "Transmit RFA Information", 
                                                "", 
                                                "", 
                                                "", 
                                                "", 
                                                "", 
                                                "", 
                                                "", 
                                                "CLOSED (Based on Closed Date)", 
                                                "", 
                                                "", 
                                                "", 
                                                ""), ] 

write.csv(COMBINED,"Philips Complaints All Sites.csv", row.names=FALSE) 
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Appendix E DATA COLUMNS FROM DATA QUERY 
Table 23. Data columns from data query 

Activity query Created date query Closed date query 

ID ID ID 

DATE_PERFORMED 
(Timestamp) 

DATE_PERFORMED 
(Timestamp) 

DATE_PERFORMED (Timestamp) 

TYPE_ID TYPE_ID TYPE_ID 

TYPE_NAME (Activity) TYPE_NAME (Activity) TYPE_NAME (Activity) 

Complaint_FK_ID_IN_SOURCE 
(Unique ID) 

Complaint_FK_ID_IN_SOURCE 
(Unique ID) 

Complaint_FK_ID_IN_SOURCE 
(Unique ID) 

Responsible_Person_FK_ID_IN
_SOURCE 

Responsible_Person_FK_ID_IN
_SOURCE 

Responsible_Person_FK_ID_IN_SOU
RCE 

 


