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Presenting Business Process Improvement Changes – A Systematic Lit-

erature Review 

Abstract: 

Business Process Improvement (BPI) has a big potential by helping to improve end-user 

satisfaction, to reduce costs and throughput times. A lot of business process improvement 

techniques exist, but they lack the information about the presentation of the effects of 

business process change. In order to fill this gap, this thesis provides an overview of the 

ways that are used to present the effects of business process change in real-life business 

process scenarios. For that purpose, a systematic literature review is performed to identify 

papers that apply BPI on real-life cases from industry to see what means are used to 

capture and present those changes. The identified final papers are analysed in order to 

answer to Research Questions (RQ). The analysis reveals that as in any other scientific 

field where change is occurring the change could be presented either visually, or in a 

numerical way, or in a not structured (narrative) way using some presentation strategies. 

This knowledge that gives some hints on how changes are conveyed can be used to 

support people to better understand the changes which occur in a process after a BPI.  

Keywords: 

Business process improvement, process redesign, process optimisation, patterns, 

heuristics, process visualisation, best practices 

CERCS: P170 Computer science, numerical analysis, systems, control 
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Muutuste esitlemine äriprotsesside täiustamiseks - süstemaatiline kir-

janduse ülevaade 

Lühikokkuvõte: 

Äriprotsessi täiustamine aitab parandada lõppkasutaja kogemust, vähendada kulutusi ja 

kiirendada tööd. Eksisteerib mitmeid äriprotsessi täiustamise tehnikaid. Olemasolevate 

protsesside juures ei ole aga demonstreeritud muutuste mõju. Et täita see lünk, pakub 

antud lõputöö ülevaadet viisidest kuidas demonstreerida äriprotesside muutuste mõju päris 

elu näidete põhjal. Sel eesmärgil on tehtud süstemaatiline kirjanduse ülevaade artiklitest, 

mis kasutavad äriprotsesside täiustamist päris elu näidetes, et näha kuidas need muutuseid 

on esitletud. Leitud artikkleid analüüsiti, ning leiti vastused uurimuse küsimustele. 

Analüüsi tulemusena leiti, et nagu igas teises teadusvaldkonnas, mis käsitleb muutusi, saab 

neid esitleda visuaalselt, numbriliselt või mitte struktureeritud viisil kasutates erinevaid 

esitlemise strateegiaid. Teadmine, kuidas antakse edasi asjade muutumist, aitab inimestel 

paremini aru saada nende sisust. Võimalik on paremini aru saada äriprotsesside 

muutustest. 

Võtmesõnad: 

Äriprotsessi täiustamine, protessi ümberkorraldus, protessi optimisatsioon, mustrid, 

heuristika, protessi visualisatsioon, parimad tavad 

CERCS: P170 Arvutiteadus, arvutusmeetodid, süsteemid, juhtimine 

(automaatjuhtimisteooria) 
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1 Introduction 

Every organisation manages a lot of business processes, which are the important parts of 

it. A business process is a process which is used by a company to deliver a product or a 

service to the customers. More common types of processes that are used in organisations 

are order-to-cash, quote-to-order, procure-to-pay, issue-to-resolution and application-to-

approval processes.  

Business Process Management (BPM) is an approach that gives techniques, concepts, 

tools and methods to make the business process more effective and efficient. BPM is a 

mean with an aim to improve the performance of the process by optimising and 

remodelling company’s business processes. BPM activities can be summarised in phases 

of BPM lifecycle (see Figure 1).  

 

Firstly, a process is identified and described in a form of process models, which is called 

as-is process model. Then the process is analysed in order to find the issues associated 

with the process, which aims to reduce processes’ throughput times, costs and to improve 

customer satisfaction. For this purpose, the initial process is analysed to point out its 

weaknesses and to produce ideas for improvement. Based on the identified issues and 

their prioritisation the changes are identified and performed and the to-be process is 

 

Figure 1. BPM lifecycle [8]. 



8 

 

modelled. At the last phase, the new to-be process is analysed to define its performance 

with respect to previously identified objectives and measures [8]. 

In process analysis phase, issues regarding as-is process are described and prioritised. 

Business Process Analysis (BPA) is a very valuable method for successful improvement 

of business processes. Analysis can be either qualitative, which identifies unnecessary or 

weak parts of the process; or quantitative, which assesses the process in terms of perfor-

mance measures [8]. BPA aims to improve the time, cost, quality and flexibility of the 

business processes. Ideally, it aims to decrease the time which is needed to handle the 

order, lower business process execution cost, improve the quality of delivered service and 

ability of the business process to react to variation. The interesting behaviour is that im-

proving one dimension might have a weakening effect on another. To point out this 

difficult trade-off the model that describes the relationship between time, cost, quality and 

the flexibility has a name Devil’s Quadrangle, which is shown in Figure 2 [32].  

BPA gives an insight into the current performance of the business processes. This infor-

mation helps to understand the gap between practice and guidelines, which enables or-

ganisations to improve their processes regarding their objectives [32]. Process analysis 

enables understanding of current problems and this understanding helps to identify where 

the changes should be made in order to improve or redesign the process. 

There are a lot of tools and techniques, such as process mapping/operational method 

study, change management, benchmarking which can be used to improve a business pro-

cess [27]. However, regardless which tool or technique is used, sometimes it could be 

 

Figure 2. The Devil’s Quadrangle [35]. 
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hard to understand what were the results of the improvement. To make this process more 

understandable process visualisation in form of process models or diagrams is used, 

which is a mean that is used as a support for a better understanding of the results provided 

by the application of the process improvement tools and techniques.  

Usually, ideas for process improvement are produced during the workshops, brainstorm-

ing or other creative sessions, during which process is analysed for identifying its weak-

nesses and generating ideas for improvement. These creative sessions are not conducted 

in a systematic way, which makes the generation and presentation of to-be process sce-

narios less thorough. As a result, there is a lack of information regarding the ways for 

presentability of the process changes.  In other words, creativity sessions allow process 

designer to get some kind of a picture of the process issues, but not precisely describe the 

effects of the business process change [24].  

In this setting, a systematic literature review was conducted in order to identify the ways 

of presentation of BPI changes. Literature review looks for papers that apply BPI on real-

life cases from industry to see what means are used to capture and present these changes. 

A real-life case is intended as what was used in a paper to describe the application of a 

BPI techniques.  The idea behind it is to have something which would be as close as pos-

sible to a situation occurring in a real company. It was decided to focus on the real-life 

cases because they help to understand both the nature and the extent of the change in or-

der to address the following questions: 

• RQ1: How are applied BPI changes presented in real-life cases? 

• RQ1.1: Does the size of the project affect how BPI changes are presented?  

• RQ1.2: Does the extent of the process change affect the way BPI changes are pre-

sented?  

• RQ1.3: Does the industry domain matter in how BPI changes are presented? 

• RQ1.4 Does the modelling language affect the way BPI changes are presented? 

These research questions are relevant because they aim at investigating more how BPI 

changes are presented. This will help to improve the ways in which the presentation of 

improvements is done making the effects of the business process change both visible and 

easily comprehensible to the people who are affected by the change. Identification of the 

effects of the business process change also helps to see and estimate the newly designed 
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process performance that was previously identified based on improvement objectives and 

measures.    

This thesis consists of 6 chapters. Following an Introduction part Conceptual foundation 

part is presented. In Chapter 3 the systematic literature review is presented, which gives a 

detailed description of the papers’ selection process. After that, the selected papers are 

grouped on the base of the approaches they used for the BPI. Also, a short description of 

the papers is provided. Chapter 4 presents answers to RQs and it ends with a discussion 

of the results, which were obtained based on the answers to RQs. Chapter 5 presents the 

related work and the thesis ends with the conclusions and the list of references.       
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2 Conceptual foundation 

In this chapter, the idea behind modelling languages is presented. Also, some common 

types of modelling languages are described, focusing on their advantages, disadvantages 

and areas of their use. 

Modelling languages are used to present the business processes. In modelling languages, 

the process is represented as a sequence of activities and some agent performs each of 

those activities. Usually, in human interaction workflows the agent is an actor, who is 

able to do particular tasks using supporting systems infrastructure. A set of operations are 

performed by the actor over a supporting systems infrastructure during execution when 

the actor is assigned to a particular activity. These operations can include different things, 

such as manipulation of data and information, communication with other agents, etc. [42]. 

There are different types of modelling languages, for example, Business Process Model-

ling Notation (BPMN), Petri nets, Workflow nets, etc. that are used to present and ana-

lyse different aspects of business processes.    

In recent years one of the most widely-used notations for modelling business processes is 

the BPMN, which is a standard defined by the Object Management Group (OMG). 

BPMN graphical notations are divided into four basic categories:  

• Flow objects (for events, activities, and decision nodes)  

• Connecting objects (for connecting flow objects)  

• Swimlines (for representing process participants)  

• Artefacts (for additional information) [20] 

Flow objects consist of events, activities, and decision nodes. An event can signal the 

starting point of the process (start event), its end (end event) and arriving messages during 

the implementation of the process (intermediate event). Activities are tasks which should 

be performed in the process.  Flow objects are connected with connecting objects. 

Swimlines are for representation of the process participants (agents) and artefacts stand for 

additional information. Decision nodes define how the sequence of objects can come to-

gether/apart in diverse sequences [22]. 

Integration Definition for Function Modelling (IDEF0) shows how activities flow by 

using square boxes (see Figure 3). Four types of arrows identify the control, input, output 

and mechanism of activities. Control-arrow is shown from above in the activity box and 
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stands for activities requirements. Input arrow is shown from the left side and is directed 

into the activity box and consists of factors which caused the activities. Output arrow is 

shown from the right side and directed out of the activity box and stands for activities re-

sults. Mechanism arrow is shown from below of the activity box and stands for resources 

which are needed for finishing the activity [28]. By using IDEF0, it is possible to represent 

the functions performed by business and manufacturing processes by creating suitable 

diagrams that include actions, activities and operations. Its graphical format with ‘boxes 

and arrows’ makes it possible to present the relationship of all functions and decompose 

the processes in lower level activities for representation of process phases. IDEF0 also 

helps to emphasise in the business process an amount of resources involved in the system, 

as well as their input and output flows for every process activity [4].  

 

Figure 3. IDEF0 diagram example1. 

A Heuristic net is a graphical representation of the process, which consists of rectangles 

and arcs. Rectangles stand for transitions or activities, while arcs specify the relationships 

between activities.  It is possible to convert the heuristic net into a Petri net, which is 

helpful for performance analysis [23]. A Petri net is called a Workflow net when it mod-

els an isolated life-cycle of the one case. With Workflow net, it is possible to model realis-

tic and complicated business processes. Process modelled with Workflow net is a case-

based, which means that every piece of work is performed for a certain case [26]. 

The performance and the functionality of the systems can be modelled and analysed using 

a framework which is provided by Petri nets. Usually, there is a distinction between high-

                                                 
1 https://en.wikipedia.org/wiki/IDEF0 
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level and low-level Petri nets.  An example of high-level Petri nets is Coloured Petri nets 

(CP-nets). CP-nets is a graphical modelling language, which describes the system’s state 

and the events that cause the change of a state of the system. CP-nets connect the strengths 

of the Petri nets with the strengths of programming languages, where Petri nets are used 

for describing concurrent processes synchronisation in distributed systems and program-

ming languages are used to define the data types and to manipulate data values. CP-nets 

are suitable for realistically-sized systems analyses and modelling [18] [47]. 

Graphs with Results and Actions Inter-related (GRAI) is a modelling method that 

gives a high-level view of the process as well and helps to identify some essential high-

level problematic areas in the process (see Figure 4) [29].  

The cause and effect diagram which is also called a Fishbone diagram is helpful for iden-

tifying the different real or potential causes for a certain effect or problem. Causes of the 

problem are lined up based on their level of detail or importance, which leads to a 

description of the relationships of events. This helps to identify problematic areas and un-

 

Figure 4. GRAI grid example. [29] 
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derstand the level of importance of diverse causes more deeply than in the case of the 

GRAI method [46].  

 

Figure 5. GRL diagram example2. 

Actor Transaction Diagram (ATD) helps to analyse the company's transactions through 

abstraction and lowering the complexity [25]. The User Requirements Notation (URN) 

is an International Telecommunication Union standard which used to grasp early require-

ments in the form of goals and scenarios. URN consists of two sub-languages called Goal-

oriented Requirement Language (GRL) for goal modelling (see Figure 5) and Use Case 

Maps (UCM) for scenario modelling (see Figure 6). In the goal model, URN traceability 

links are used to link tasks to their representation in the UCM model, which provides addi-

tional details about the behaviour of the linked tasks. URN’s main advantage comparing 

with other modelling languages is the ability to model processes with UCMs and goals 

Figure 6. UCM diagram example3. 

                                                 
2 https://de.wikipedia.org/wiki/User_Requirements_Notation 
3https://www.researchgate.net/figure/220920762_fig4_Fig-5-Example-of-use-case-map-for-contract-

management 
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with GRL in a unified form. The UCM and GRL together make the existence of the par-

ticular part of a process understandable and answer the who, when, where and what ques-

tions of the process models. In spite of its advantages URN notation still needs better sup-

port for handling cancellation and exception in process and workflow models [30]. The 

Aspect-oriented User Requirements Notation (AoURN) is an extension of URN, which 

adds to URN’s sub-languages the ability of heterogeneous pattern matching [50]. 

State diagrams aim to describe the behaviour of the systems. The behaviour of the system 

is analysed based on a number of events that can happen in one or more possible states. 

States are changed based on the messages that system receives. In Value-stream, the cur-

rent state is analysed and the new state for the events is created that take a product from its 

start to the end user [1].  
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3 State of the Art 

3.1 Systematic Literature Review 

The purpose of this systematic literature review is to summarise the existing knowledge 

about the presentation of the BPI changes in real-life cases. The main aim is to analyse the 

existing knowledge and drive conclusions about the models that are used for capturing the 

BPI changes. To achieve the research objectives, this systematic literature review targets 

studies that apply BPI techniques to real-life case studies, capture the BPI changes and 

identify practical approach in order to present how the improvement is applied. The papers 

that present BPI techniques for improving the business process itself and not the BPI 

method were targeted. 

The purpose of the literature search stage is to examine studies in a particular way that 

more or less complete census of relevant literature is collected. The literature search was 

implemented using principles of a systematic literature review by Kitchenham [17]. Based 

on its recommendations, in order to make sure that all important studies are included mul-

tiple search strategies were used. The first search strategy was an electronic database 

search having an aim to enable a comprehensive search. Below is the explanation of the 

primary and secondary searches. To identify an initial set of studies as a primary search an 

electronic database search was conducted.  

As suggested by a number of studies [12] multiple electronic databases were selected in 

order to cover the existing knowledge about BPI [17]. More concretely, Google Scholar, 

Web of Science and Scopus electronic databases were selected to ensure the coverage of 

relevant studies in the area of interest. Chosen search engines considered to be highly rele-

vant because of their multidisciplinary and broad coverage of almost all sciences.  

To identify high-quality studies effectively, during a primary search peer-reviewed journal 

articles and conference papers were targeted. If the paper has a journal and conference 

versions, then the journal version was selected for further examination. The further con-

straints for the primary search were the title and the abstract of the article, the language 

and the year of publication. Studies which had an abstract and were published in English 

since 1990 were included. The year 1990 was selected because that year considered being 

the year of the process wave.  
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To identify the relevant Boolean expressions for primary search acronyms, synonyms and 

abbreviations related to the term “business process”, “redesign” and “best practices” were 

considered leading to the following Boolean expressions, which were used in all chosen 

electronic databases with database-specific headings: 

• (("Business process" AND "improvement") AND ("best practices" OR "heuris-

tics" OR "patterns" OR "guidelines" OR "frameworks" OR "techniques" )) 

• (("Business process" AND "optimisation") AND ("best practices" OR "heuristics" 

OR "patterns" OR "guidelines" OR "frameworks" OR "techniques" )) 

• (("Business process" AND "redesign") AND ("best practices" OR "heuristics" OR 

"patterns" OR "guidelines" OR "frameworks" OR "techniques" )) 

• (("Business process" AND "re-engineering") AND ("best practices" OR "heuris-

tics" OR "patterns" OR "guidelines" OR "frameworks" OR "techniques" )) 

After running all five Boolean expressions in Web of Science and Scopus databases totally 

763 hits were got. In the case of the Google scholar for each query, first 150 results were 

considered, because, after this number, papers clearly appear to be out of scope and irrele-

vant. The overall number of hits for all Boolean expressions in all databases is 1513. After 

having the initial list of papers 105 duplicates were removed and remaining unique values 

were examined based on a title to make sure that only BPI papers are included. For exam-

ple, the paper “A change in process and culture: Implementing quality, reliability and safe-

ty in early development” got excluded because from the title it is clear that it is not related 

to BPI. 314 papers passed the filtering by title stage. These papers’ abstracts were exam-

ined to identify the papers which have applied BPI techniques on industry case studies. If 

it was not obvious from abstract whether the paper should be included or not, papers’ full 

texts were examined briefly as well. This phase identified 114 relevant papers.     

After identifying the set of relevant studies, a secondary search was conducted. For fur-

ther filtering based on Kitchenham [17] recommendation the inclusion and exclusion cri-

teria were defined as a set questions and based on the answers to the questions it was 

identified whether to include a study or not. The study was considered in a future research 

only if all criteria were satisfied. More concretely, for each study, the answers to all ques-

tions regarding inclusion criteria should be “Yes” or “?” and the answers to all questions 

regarding exclusion criteria should be “No” or “?”. The criteria questions are presented 

below.    
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1. Does the paper propose or describe existing BPI method or framework? 

2. Does the paper describe how the BPI analysis are conducted? 

3. Does the paper contain a real-life case? 

4. Is there any representation of as-is or to-be process models? 

When there were not any relevant concepts the secondary search was stopped. The final 

number of papers which pass the secondary filtering was 32. These papers are presented 

in detail in the Appendix I. The literature review results are summarised in Table 1.  

An analysis of the 32 selected articles revealed that selected set consists of journal papers, 

conference proceedings and dissertation. Those findings are illustrated in Figure 7. As it 

is seen from the Figure 7 among the selected papers there are almost the same number of 

journal papers and conference proceedings and only one dissertation. As shown in Figure 

8 authors of the chosen studies used different labels to address to redesign of the business 

processes. The most popular labels are Business Process Improvement, Business Process 

Redesign and Business Process Reengineering. The existence of such variety of redesign 

labels makes it challenging to identify relevant articles. This means that the choice of the 

Table 1.  Summary of search results. 

Label Number of studies 

Primary search 1513 

Scopus 305 

Web of Science 458 

Google scholar 750 

Duplicates 105 

Total after removing duplicates 1408 

Total after filtering by title 314 

Total after filtering by abstract and full copies 114 

Secondary filtering 32 
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articles’ searching expressions should be done very carefully in order to cover the com-

plete list of the relevant papers.   

After identifying the final set of the studies that were included in the literature review, the 

work continued with data extraction and coding. To extract the data fragments from the 

studies the detailed data extraction form was created and used. Based on the main re-

search question and its sub-questions it was decided to extract two types of data elements 

from the studies. Firstly, data was extracted regarding real-life cases to which improve-

ment is applied. Secondly, data concerning improvement process was extracted. More 

 

Figure 7. Selected papers’ types. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. BP labels in selected papers. 
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precisely, for the real-life cases to which improvement is applied the following data was 

extracted: 

• size of the process: how many activities are in the process. The size of the process 

can be either big, middle or small. A process is considered big if it contains twen-

ty-one or more activities, middle-sized if it contains from eleven to twenty activi-

ties and small if it contains up to ten activities. 

• degree of granularity: how detailed is the description of the process. The degree of 

granularity can be either big, middle or small. It is considered to be high if the pro-

cess explanation is thorough made and is in detail, middle if the process is de-

scribed neither thoroughly nor briefly and low if the process explanation is very 

briefly.   

• modelling language of the processes, for example, BPMN, Petri nets, etc. In some 

papers, the modelling language that was used to present the process was not explic-

itly stated. In such cases, modelling language was identified based on the look of a 

diagram.  

• industry-organisation: the domain of the industry or organisation from where the 

process was taken. 

It is worth mentioning, that some papers have a few case studies, among which only the 

bigger ones were chosen for evaluation because it was more complex than the others. It 

was decided not to analyse all cases which were presented in a selected paper because the 

same framework was applied for that cases and the results were pretty much the same. 

Concerning the improvement process the following data was extracted: 

• extent of the change: size of the improvement, more clearly the number of activi-

ties that were changed. The extent of the change does not take into account the size 

of the process, but rather how many activities were changed, because this research 

more focused on the analysis of the process change. The extent of the change is 

considered to be big if eleven or more activities were changed, middle if from six 

to ten activities were changed and small if up to five activities were changed.  

• communication of the change: whether the change was described visually or not; 

which language was used; which kind of annotation was used to explain the change 

(e.g., text, tables) 
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• understandability of the change: how is it easy to understand the differences with 

as-is and to-be process models; how is it easy to compare as-is with to-be process-

es 

• clearness of the improvement: how is it easy to understand that the process was 

improved 

All of these criteria is used for summarising the different papers and to comparing them in 

order to identify their similarities and differences. 

3.2 Description of the Selected Papers 

Thirty-two papers that were identified in systematic literature review were analysed in 

order to identify if any similarities or recurrent discussions frequently occurred so that 

some categorisation about the use of redesign methods could be proposed. The proposed 

categorization aims to help to describe the papers more thoroughly which in its turn will 

help to answer to RQs. This classification of the papers based on the redesign methods is 

in some extent related to the way in which the changes are presented and it can be as-

sumed that methods used for redesign would in some extent affect the way the BPI change 

is presented.  

Some papers were grouped together based on the process improvement patterns, which 

were applied for redesigning the process. The selection of patterns in different papers was 

done based on different objectives. For example, in [21] the selection is based on organisa-

tional objectives, process improvement objectives and process improvement measures; in 

[31] the selection was more based on understanding if the pattern can be modelled in X 

modelling language, where as X modelling language is considered AoURN. In [9] and 

[13] the patterns are chosen from the catalogue based on the improvement goal. Even 

though these papers chose process improvement patterns based on the different objectives, 

they all apply process improvement patterns to the process in order to improve it and can 

be grouped together. 

Some group of papers applied BPI approach which is quantitative based. For example, in 

[46] Six Sigma methodology is applied to improve the process. In [6] Lean Six Sigma 

methodology is applied, which is a combination of Six Sigma and Lean methodologies. 

Six Sigma and Lean methodologies have the same goal and only differ by identification of 

the root cause of waste. In [20] the redesign framework is presented, which is focused on 

process analyses and based on the results of the analysis suggests the ideas for improve-
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ment. Improvement approach which is proposed in [3] is focused on quantitative model-

ling techniques and their application on supply chains.  

Some group of papers applied BPI approach based on the interviews. For example, in [28] 

in-depth interviews are conducted with the stakeholders in order to identify the guidelines 

for improvement. In [25] methodology based on the interviews is applied and in [38] the 

employees of the company are interviewed in order to identify the problems and the pro-

cess is improved based on the findings of those interviews. 

Another group of papers used BPI approaches which are based on simulation. For exam-

ple, in [42] the iterative BPI approach is based on process mining and agent-based simula-

tion; in [36] it is based on the business process redesign and simulation. In [23] also pro-

cess mining and simulation methods are used, but it is a bottom-up methodology. In [14] 

and [15] an approach where CP-nets model of the process is simulated is used and based 

on that model the appropriate redesign heuristic is applied. As it can be seen, these ap-

proaches have quite a bit of difference, but they all use a simulation in order to improve 

the process.  

Table 2.  Grouped papers based on the BPI technique. 

Name of the group Number of articles Articles 

Customer/goal based 
8 [37], [16], [4], [2], [22], 

[5], [39], [50] 

Simulation based 
7 [7], [42], [36], [23], [14], 

[44], [15] 

Interview based 5 [40], [28], [25], [29], [38] 

BPI pattern based 4 [21], [31], [9], [13] 

Quantitative based 4 [46], [6], [20], [3] 

Modeling language based 4 [30], [26], [33], [48] 
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Some group of papers used BPI approaches which are based on the modelling language. 

For example, in [30] aspect-oriented framework is used which is based on URN standard 

and in [26] an approach which is based on the workflow nets is used. In [33] a methodolo-

gy for workflow processes is used and in [48] the method for redesigning processes from 

the viewpoint of knowledge flows is presented. So, in spite of all these differences, the 

papers can be grouped together because they use redesign approaches that are based on 

modelling  languages.  

Remaining papers apply redesign approaches which are customer/goal oriented. For ex-

ample, in [16] Goal, Exceptions and Dependency (GED) framework is applied and in [22] 

requirement analysis are made in order to identify goals and redesign the process based on 

them. In [4] a methodology is applied based on customer satisfaction requirements, which 

considers an impact of each process phases on the value that is received by customers. In 

[2] the methodology is customer driven. So, based on these similarities those papers were 

grouped together. Based on these findings all thirty-two papers were classified into 

six groups based on the method they used for applying BPI techniques to real-life business 

process scenarios (see Table 2). As it can be seen from Figure 9 the most popular method 

for BPI is Customer/goal based, followed by simulation based method. The least popular 

methods are BPI pattern, quantitative and modelling language based. 

 

Figure 9. Relation between number of the papers and BPI method. 
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3.2.1 Customer/goal based 

This group consists of papers that applied customer/goal based improvement method. In 

[37] a framework for business process model improvement is presented. This framework 

consists of a set of indicators with validated thresholds which are connected with model-

ling guidelines, empirically validated measures related to quality characteristics of the 

models, and a prototype supporting tool. The framework is applied to the big public health 

service process from health care industry. Redesign of the process is done by applying 

guidelines which were chosen by IT and health experts driven by the indicator results 

which caused middle-sized changes in the initial process. The initial and redesigned mod-

els are visualised using BPMN.  

In [16] GED framework is described. The main advantage of this framework is that it ex-

tends existing logistics-based models which makes possible to connect the process’ social 

context with its logistics, which in its turn gives analysts more powerful, detailed and rich-

er description of a process. This framework is applied to non-production materials pur-

chasing small-sized process from MedCom Inc. which is a quickly growing manufacturer 

with $100M in sales and 450 employees. All services and products that are not connected 

with MedCom’s production are purchased through the non-production materials purchas-

ing process. The process improvement starts with collecting data through interviews, stud-

ying of reports and documents that are related to the process and day by day workers’ ob-

servation. Twenty-five detailed, personal interviews of process members and its customers 

were conducted lasting from 45 minutes to two hours. Based on the data obtained through 

the interview process weaknesses were identified and the GED framework was applied in 

order to improve it.  

In [4] business process re-engineering methodology is applied on the basis of customer 

satisfaction requirements on a small-sized process from fashion footwear industry which is 

illustrated in IDEF0 model. In order to identify process weaknesses firstly, technical pub-

lications were consulted. Then the industry experts were interviewed in order to identify 

the impact of each phase of a process on the value that customers gain. Based on the re-

ceived results BPI decisions were made.  

In [2] BPI framework is described which is a combination of business process modelling, 

enterprise information architecture, knowledge management, management control meth-

odologies and techniques. The improvement methodology is a customer-driven and is ap-
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plied to the case study from Dutch e-government service department in order to improve 

it. First, weaknesses of the process are identified and illustrated. Secondly the 

improvement methodology is applied which leads to a big change of the process, that is 

presented in the workflow diagram. In [5] the methodology consists of information gather-

ing and relevant customer requirements identification phases.  First, the overall value of 

each process phase is calculated in order to assess how much value it brings to customers. 

Afterwards, process improvement directions are identified based on the value that 

different parts of the process are creating for customers. The method was applied to the 

small-sized process from the wood pallet production industry which is illustrated using 

IDEF0 and the improvement led to some small changes in the process. 

In [22] business process re-engineering methodology is presented based on the require-

ments analysis. The methodology aims to identify the connection between business pro-

cess and the goals that it wants to achieve. The methodology is applied to the middle-sized 

process from health care delivery medicine sector. Following the approach, the functional 

and security requirements of the initial process are reconstructed at the organisational level 

in order to meet the desired goals. In [39] Decision Relationship Model for BPI is present-

ed which consists of the following elements: Business Process, Leaf Goal, Decision-

Associated-Information, Decision and Action. This is a semi-automatic method for pro-

cess improvement, which starts from defining business goals and finishes with concrete 

decisions. The method is applied to a middle-sized process from the healthcare sector.  

In [50] a four-dimensional framework is presented that is suitable for enterprise systems 

improvement and includes: the green dimension, layers dimension, logic dimension and 

process dimension. This four-dimensional framework is used to redesign a big-sized pro-

cess from the High-Speed Broadband Metropolitan area networks of HT Company. The 

main goal of the improvement is environmental protection, so the optimised process be-

gins and ends with it, which is a green service-cantered. The improved process is present-

ed in fishbone diagram. 

3.2.2 Simulation based 

This group consists of papers which applied simulation based improvement approaches. In 

[42] an iterative approach for the business process improvement is presented which is 

based on agent-based simulation and process mining. The approach is applied to the small-

sized purchase process which led to small changes in the process. Both initial and changed 



26 

 

processes are illustrated using BPMN modelling language. The advantage of this approach 

is that the process analyst can identify a better model by inserting changes to the process, 

which means reconfiguration of simulation platform and generation of a new event log, 

which leads to mining a new model that is able to consider the relationship between the 

high-level activities and the low-level behaviour. Repeating those steps will lead to more 

accurate, balanced and less complex model which is easier to understand. 

In [23] a bottom-up process mining and simulation-based methodology for process im-

provement is presented. The methodology is applied to the big-sized processes from three 

different industries: gas industry, government institution and agriculture. The methodology 

starts with the identification of relevant performance problems. On the second phase, the 

process model is simulated in heuristic net to illustrate the existing situation. During the 

third phase, redesigned process model is presented in heuristic net to represent a predicted 

future scenario. After this phase, the performance criteria of both initial and redesigned 

process models are compared to estimate the gains from the predicted redesign model. For 

the future analysis, a case study from the gas industry has been chosen, because it was the 

biggest among existing case studies.  

In [14] redesign framework for call centers is presented and applied to the small-sized 

process from IT help desk of the Dutch company which is presented using Petri nets. The 

favourable redesign is developed and performed based on the best practices and simulated 

models are compared in order to understand and choose the one that has higher perfor-

mance. In [15] BPI approach is presented which is based on redesign heuristics and is de-

veloped further by applying CP-nets to the approach. The approach is tested on the mid-

dle-sized mental healthcare institute intake process which is presented in Petri nets. First, 

the CP-net model of the process is simulated and then, according to the BPI approach suit-

able heuristics are applied to the process. The redesigned process is simulated in Petri nets 

according to the redesign and the results from initial and redesign simulated models are 

compared.  

In [7] Business Process Execution Measurement Model (BPEMM) for improvement of 

business processes is presented, which is an extension from Business Process Continuous 

Improvement Process (BPCIP) and they both are a part of a larger framework called 

MINERVA. The framework is applied to the big-sized patient major ambulatory surgery 

process from health care sector which is presented in BPMN modelling language. The 

improvement of the process is conducted by services based on the execution measurement 
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which caused small changes in the initial process. Business processes were simulated us-

ing CP-net Tools. After the simulation business processes were executed in the selected 

process engines and after that, the data from the execution of the business process cases 

was registered and exported for loading in the ProM framework.  

In [36] an approach which is a combination of business process redesign and simulation is 

presented, which is applied step by step on the small-sized process from the municipality. 

Process as-is model is provided in form of a state model. In [44] business process optimi-

sation framework is presented which uses two components: business process representa-

tion and a bunch of evolutionary multi - objective optimisation algorithms. Based on the 

given requirements the framework can generate a series of alternative optimised business 

process design. The steps of the framework were applied to real life small-sized online 

order placement process that led to small changes in the process. Both as-is and to-be pro-

cess models are presented using fuzzy maps.    

3.2.3 Interview based 

This group consists of papers in which interviews were conducted to identify guidelines 

for improvement and/or model the new process. In [40] Sharp & McDermott methodology 

is applied to the middle-sized purchase request process of Iran Khodro Company. The 

problems of the process were identified by monitoring it and using some enablers. After 

extracting the process problems best practices were selected through interviews with com-

pany experts, literature review and the company's strategies. After this phase selected best 

practices were applied that caused small changes in the initial process. The initial and im-

proved processes are presented in BPMN diagram.  

In [29] the application of the BPI methodology is described and applied to the middle-

sized forecasting process from wood industry. First, the existing forecasting process was 

analysed using specific techniques, such as personal interviews, the design of process 

charts, etc. The identified problematic areas were classified into process-related and sys-

tematic categories. Based on the results of process analysis, the new forecasting process 

was designed and documented.  The extent of the change of the forecasting process was 

big and based on the Enterprise Resource Planning (ERP) system functionalities and spec-

ifications. The initial and improved processes are presented using GRAI method.  

In [38] Positivist Case Research Methodology is applied on middle-sized custom order 

process in order to improve it. To identify the process problems company’s employees 
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were interviewed. After interviews, the process redesign phase started which lasted several 

months. During that period of time redesign team discussed and brainstormed different 

aspects of the redesigned process. After this phase, the actual implementation of the rede-

signed process was done and the extent of the change was small. The initial and improved 

processes are presented using state model.  

In [28] big-sized process from milk supply chain is presented in form of IDEF0 diagram. 

To understand and model the process in-depth interviews with the stakeholders of the milk 

supply chain were conducted. Based on the results gained from interviews the problems in 

the process were identified and process improvement guidelines were proposed, which 

lead to the middle-size changes in the process. In [25] process improvement methodology 

is presented which is applied on the middle-sized process from the company that deals 

with engineering services and/or goods for communication maintenance. Interviews were 

performed to collect the data and based on this the process was improved. The extent of 

the change was middle-sized and was presented using ATD model. 

3.2.4 BPI pattern based 

This group includes papers which apply process improvement patterns based on specific 

requirements in order to improve the process. All the papers in this group illustrated the 

as-is and to-be process models. In [21] Process Improvement Patterns (PIP) assessment 

approach is used. The approach is a scenario specific evaluation of PIP, based on different 

objectives such as organisational, process improvement, etc. The approach is applied to 

middle-sized process from the human resource management industry. The extent of the 

change is small and the results gained after applying the approach are validated with prac-

titioners. In [31] the PIP is assessed and grouped, based on the possibility to model the 

process in X modelling language. A small process from consignment retail store industry 

is used to apply the framework.  

In [9] PIP is searched and applied based on the improvement goal. The PIP selection is 

based on the two basic requirements. First, there should be selection guide, which helps to 

select a suitable pattern for a specific problem and second the pattern has to have detailed 

instructions for its application. This approach is applied to a big-sized studying process 

from the perspective of register’s office. The goal of improvement is to reduce the cycle 

time. Firstly, based on the model patterns were searched from the PIP catalogue, which 

results in a reduction of the cycle times without affecting the quality and cost levels of the 
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process. The next step was to filter these patterns based on the suitable application guide-

lines. Based on the application of selected patterns process was improved and extent of the 

change was small.  

In [13] a technique for choosing PIP is presented, which is suitable for e-services’ im-

provement and measuring the process performance after improvement to make sure that 

the process gets better. The technique is applied to middle-sized processes from Dutch 

municipality and service organisation which caused small changes in the case study. Af-

terwards, the results of the redesign were verified by collecting feedback from the munici-

pality employees. The process was presented using Petri nets. The technique was applied 

to the Dutch service organisation as well. For further analysis, the first case study was ex-

amined because it is bigger and well explained compared to the second case study. 

3.2.5 Quantitative based  

This group consists of papers that apply improvement methodologies that are quantitative 

based. In [46] Six Sigma methodology is applied to small-sized admission process for stu-

dents which is illustrated in fishbone diagram. The main problem of the process was that it 

had a lot of delays. Applying Six Sigma methodology identifies the key reasons that were 

causing the delays. Based on the received results process was improved and visualised in 

fishbone diagram with a small extent of the change.    

In [6] Lean and Six Sigma methodologies were applied to entire small-sized surgical 

process from health care sector to improve its efficiency. The process is visualised in form 

of value-stream diagram. Multidisciplinary teams were formed from hospital administra-

tors, financial analysts, anesthesiologists, surgeons, nurse anaesthetists, nurses, systems, 

procedures and information technology personnel to identify several modifiable points 

throughout the surgical process. Based on identified findings, process improvement was 

conducted which lead to substantial increases in financial performance and efficiency. 

In [20] a framework for improving enterprise processes is presented.  The framework fo-

cuses on analysing the existing process and suggesting improvement ideas based on the 

analysis. The framework is applied to the small and simplified product manufacturing pro-

cess. The process is analysed based on performance. The analysis leads to small changes 

in the process. Reengineering approach which is discussed in [3] has four basic stages: 

mobilisation, diagnosis, redesign and transition. The approach is more suitable for re-

engineering supply chains and highlights the important role that quantitative modelling 



30 

 

techniques, such as those founded in Operations Research and Industrial Engineering can 

play in the re-engineering of supply chains. 

3.2.6 Modelling language based 

This group consists of papers which applied modelling language based improvement ap-

proaches. In [30] aspect-oriented framework for BPI is presented which is based on the 

URN standard and consists of 4 views: process, performance, goal, validation. The 

framework is applied to the case study, which is a Data Warehouse Approval Process of a 

healthcare provider. Health information access requests are assessed based on different 

factors such as ethical and patient privacy concerns, technical feasibility and impact, etc. 

Framework application led to small changes in the process.  

In the [26] workflow based evolutionarily approach for BPI is suggested, which includes 

the following steps: computing process measures, evaluating conditional statements to find 

applicable redesign “best practices”, creating alternative models according to these best 

practices and evaluating the performance of the created alternatives. The paper uses small-

sized insurance claims handling process. The process as-is model is presented using work-

flow nets and the framework is applied to it in order to illustrate how it works. In [33] a 

product - based workflow design method is described, which consists of four phases: 

scope, analysis, design, evaluation. The design phase is dependent on the strategy that 

company would like to build with its customers and with other strategic issues such as 

time and cost. This method is applied step by step on the case study from the social insur-

ance company and the improved process is illustrated using workflow nets.  

In [48] a methodology to improve business process using a knowledge map is described. 

The methodology consists of the five steps and it is applied to the small-sized process 

from the wedding planning company where the as-is model is provided in form of work-

flow diagram. After mapping and optimising knowledge flow and profiles, the business 

process is rearranged. Optimised knowledge flows help corresponding business processes 

to be optimally reorganised. During final step, the optimal business processes are extracted 

in form of the workflow diagram and it appears that the extent of the change is small. 
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4 Analysis 

In order to answer to the research questions, all the selected papers were carefully ana-

lysed with the aim of identifying different modalities of presentation of the changes after a 

business process improvement initiative.  Consequently, we looked for any repetitions, 

similarities and differences, in how changes were presented in the selected papers. 

It was noticed that as in other scientific fields where some change occurred in a phenome-

non [41], [19] changes were presented either visually, or in a numerical way according to 

some indicators, or described textually. In a similar way, when analysing papers, it was 

identified these three same categories to describe how changes were presented: in [36] and 

[13] a numerical way was used to present the improvement changes. The numeric changes 

of parameters which got changed after improvement are presented in tables.  

In nine papers, the changed process is discussed in the text in a narrative way (see row 

“Change presented textually” in Table 3). For example, in [6] in the text, it is discussed 

which parameters and how were improved after the change. In  [26], [39] and [28] is dis-

cussed what part of the process, what redesign patterns, how and for what purpose were 

applied. It was also identified that the papers which presented BPI change numerically or 

discussed it in the text also provide the as-is process model, which was created using dif-

ferent modelling languages.    

Table 3.  Grouped papers based on the presentation of the BPI changes. 

Name of the group Number of 

articles 
Articles 

Entire to-be process presented 16 [50], [46], [9], [21], [37], [40], [42], 

[44], [48], [38], [14], [2], [29], [31], 

[23], [33] 

Change presented textually 9 [4], [5], [20], [7], [22], [6], [26], [39], 

[28] 

To-be process parts presented 5 [30], [16], [25], [3], [15] 

Change presented numerically 2 [36], [13] 
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In [30], [16], [25], [3] and [15] only the process parts that were changed are visualised and 

it is worth mentioning that different papers use different modelling languages for process 

change visualisation. In sixteen papers (see row “Entire to-be process presented” in Table 

3) entire as-is and to-be process models of the real-life cases are presented in order to 

show the BPI changes. In more detail, 5 papers used BPMN modelling language, 3 papers 

used workflow nets, 2 used fishbone diagrams and remaining 6 papers used URN, Petri 

nets, heuristic nets, GRAI, fuzzy maps and state diagram to illustrate the processes. 

Based on the findings discussed above, four categories of presentation of BPI change and 

not just only three were identified (Table 3). In fact, two categories were dedicated to 

visualisation, which is considered the most relevant because most of the papers presented 

the BPI change using it. So, it was decided to take two different subcategories about 

visualisation: all the to-be process presented or just the parts improved. This further spe-

cialisation of the visual presentation of changes is motivated by the fact that it is possible 

to consider that the easiness of understanding the change presented in a visual way would 

be affected by the fact that the visualisation focuses just on the parts which were improved 

or it is related to the entire process. This last option seems to give the idea that changes are 

hardly recognised, but this is not necessarily true if for instance, the entire to-be process is 

easily visually comparable with the original as-is process [10].  

 

Figure 10. Connection between number of the papers and BPI change presentation 

method. 
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4.1 How are applied BPI changes presented in real-life cases? (RQ1) 

The classification discussed above aims to help to answer to the RQ1: How BPI changes 

that are applied to real-life cases are presented? In fact, these 4 groups emphasise that 

the BPI change is presented in four ways (see Table 3). The most common way is to pre-

sent the BPI change visually by to-be processes which is followed by textual and numeri-

cal ways of change presentation. Visual presentation is done by providing either full to-be 

process model or its parts. It is not surprising that visual way of change presentation is the 

most common one because it is a part of the BPI and most of the modelling in general is 

done by means of visual representation of the models. It is surprizing that textual way of 

BPI change presentation is so common that 9 papers out of 32 used it. It may be possible 

that textual way of BPI change presentation is so common because it is easier, quicker and 

requires less skills to explain the change in the text then spend time on visually represent-

ing the process. The other possible reason of it could be that authors are hesitant to choose 

a modelling language. The frequency of BPI change presentation methods is shown in 

Figure 10.     

4.1.1 Entire to-be process presented 

Papers in this group present process improvement changes by visualising entire to-be pro-

cess model. For example, in [50] and [46] a fishbone diagram is used to illustrate the 

changes made in the processes. The fishbone diagram from [50] is presented in Figure 11. 

The choice of Fishbone diagram for presenting BPI is quite interesting because it is mostly 

used to identify the causes of imperfections. In [50]  the choice of the diagram is justified 

by its suitability to present process change from different dimensions. For both [50] and 

 

Figure 11. The fishbone diagram of BPI on the whole broadband service layer [50]. 
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[46] papers it is hard to understand that the process was improved because as-is process 

model is not provided for comparison with to-be model and improved parts in to-be pro-

cess model are not highlighted as well.  

Five papers in this group used BPMN modelling language in order to present their to-be 

processes. In these papers, as-is models are presented as well in the same modelling lan-

guage as to-be process models. Among these five papers in [9], [37] and [40] improved 

parts before and after the change are shown side by side which highlights the change and 

makes it more understandable. In [21] the improved parts in the to-be process model are 

 

Figure 12. Process parts presented side by side before and after the change [9]. 

 

 

 

Figure 13. Example of to-be process with marked changes [21]. 
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coloured. An example from the paper [21] is presented in Figure 12. From the Figure 12, it 

can be seen that improved parts are marked in grey which makes the changed parts notice-

able. In the case of the [42] change is understandable because the process is small. As-is 

process model has only three activities and the to-be model has six activities which make 

it easy to compare process models and understand which parts have been changed. So, in 

these papers, it is easy to understand the process change because there is a possibility to 

compare as-is and to-be processes in order to identify where the changes occurred. For 

more clarity, some papers even presented improved as-is and to-be process parts side by 

side (see Figure 13). In [14] Petri nets are used for presentation of the improved process. 

Figure 14 presents a diagram from [14] which shows process parts before and after change 

side by side, which makes the change more understandable. 

In [2] and [48] workflow diagram is used to present the improved process. Both in [29] 

and [31] as-is and to-be process models are provided using GRAI method and URN model 

accordingly. In [38] a state model is used for improved process visualisation. In [44] a 

fuzzy map is used to present the improved process.  

In [23] the process is presented in heuristics net and in [33] in workflow nets. For both 

processes it is hard to understand that the processes have been improved based on the vis-

ualization, because in [33] as- is process model was not provided for comparison and in 

[23] the improved parts were not highlighted which makes them less understandable com-

paring with as-is process because the process is big.  

 

Figure 14. As-is and to-be process parts presented side by side [14]. 

 



36 

 

Based on those observations it seems that the easiness to understand the change could be 

related to the fact that for example, in [9] both as-is and to-be process models are dis-

played, while in [46] only to-be model is shown. So, the possibility to easily compare the 

changes by referring to both as-is and to-be process models affects the understandability of 

the process change. Also, the improvement is more understandable because in the 

visualisation of the process authors highlight the parts that were changed. So, both these 

strategies: side by side (with both as-is and to-be parts are printed side by side in the same 

figure displayed with the same modelling language and without annotation) and explicit 

encoding (where annotation focuses on the changed occurred) help to easily understand 

the change. 

4.1.2 Describe the BPI changes in the text 

This group of papers presents only as-is process visualisation where BPI changes are dis-

cussed in a paper without any illustration. In [4], [28] and [5] IDEF0 visualisation model is 

used to visualise as-is processes. An example of the way change is presented in textual 

form in [28] in presented in Figure 15 and Figure 16.  Figure 15 presents identified prob-

 

Figure 15. Change description in the text. [28] 

 

 

Figure 16. Summary of problems and suggested improvements [28]. 
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lems described in a narrative way and Figure 15 shows overall problems that were identi-

fied in the process and corresponding improvements, where the change presented in a 

more structured way than Figure 15. In [20], [7], [22] and [39] BPMN modelling language 

is used to visualise as-is processes. In [6] and [26] a value – stream and workflow dia-

grams are used respectively to present as-is process models. Other example from [39] is 

provided in Figure 17, where the process change is thoroughly described in the text in a 

narrative way. 

In this group of papers in a textual form is described what part of the process and what 

parameters are changed. The description is not thorough and is hard to refer to as-is model. 

Also, because most of the papers in this group do not provide the number of activities that 

were changed, it is hard to define the extent of the change.   

4.1.3 To-be process parts presented 

Papers from this group present process parts that have been improved using one of the 

modelling languages. BPI decisions were made based on the analysis of the process. It was 

discussed what parts of the process and how were redesigned and what problem it was 

solving and only the redesigned parts were visualised. Different papers used different 

modelling languages to visualise improvements. For example, [15] uses CP-nets and the 

[30] uses URN diagrams. In [15] the process is improved using an approach based on the 

redesign heuristics. It was not explicitly stated in the approach that only CP-nets should be 

used but rather CN-net is chosen by authors to identify the suitability of CP-net models for 

process redesign. In [15] authors present to-be process parts that they were able to model 

straightforwardly using CN-net and entire as-is process visualisation, but in spite of that, 

the change is not understandable because as it is mentioned by authors CP-net model turns 

out to be too complex.     

 

 

Figure 17. Summary of problems [39]. 
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[30] presents URN based framework. It is explicitly stated and explained in the description 

of the framework to use URN model. It is not possible to use the framework with another 

modelling language. In [30] as-is process model and redesigned parts of to-be process are 

presented using URN model and Figure 18 shows one of the process redesigned part from 

[30]. As it can be seen from the Figure 18 the redesigned parts are marked, which helps to 

understand exactly which parts and how were changed.      

In [16] and [3] the processes are presented using workflow nets and value - stream dia-

grams accordingly. In [25] a proposed methodology can be used if model the process us-

ing one of the six modelling languages that are acceptable for methodology (see Figure 

19). ATD model is one of the six suggested modelling languages, which was chosen by 

authors because it is best suitable for the particular case study that was redesigned in the 

paper. In [25] as in the case of the [30] improved parts are shown with some form of 

graphical annotation, in the case of the [25] the improved parts are coloured.  

 

Figure 19 . To-be process part [25]. 

 

 

 

 

Figure 18. Application of knockout pattern [30]. 
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Changes in all papers in this group are well described, but due to the fact that the whole to-

be process was not provided, it is hard to estimate the extent of the change. Also, in some 

papers annotation strategy is used to emphasise the parts that were changed. It was also 

identified that in some cases redesign approach suggests the usage of the modelling lan-

guage. For example, in [25] and [30] redesign approach suggests using specific modelling 

language for process presentation and in [15] CP-nets were used for process visualisation 

because redesign framework was based on CP-nets. So, it can be concluded that in some 

cases the redesign technique suggests the modelling language which should be used in 

order to apply this technique.  

4.1.4 Show redesign changes numerically 

This group of papers presents two papers that visualise the as-is process model and show 

redesign changes numerically in the tables. In the table in [36], to-be configurations that 

met redesign objectives are listed and described. Also, summary of the results for to-be 

process is presented in the table with an aim of as-is and to-be process comparison. Table 

4 presents an example from [13] where redesign changes are presented numerically. Re-

sults are given in the form of numeric values of parameters, such as throughput time, re-

source utilisation, etc. that have been changed after the redesign.  

Table 4.  Simulation resolts of three one-level designs. Lower Bound (LB) and Upper 

Bound (UB) are given for 95% reliability intervals  [13]. 
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 In [36] the as-is process is presented in a state model and in [13] the as-is process is pre-

sented using Petri nets. Both these papers use simulation based redesign approach and 

simulated as-is and to-be process models. It is interesting that they decided to not provide 

simulated to-be process model, but rather present the simulation results in a numerical 

form. In [36] it is mentioned that 50 to-be scenarios were simulated. So, maybe authors 

had no room in the article to put all processes and for some reasons decided not to put 

some of them as an example.  

4.2 Does the size of the project or extent of the process affect how BPI 
changes are presented? (RQ1.1, RQ1.2) 

The RQ1.1 and RQ1.2 are considered together in this section because both of the 

questions concern a matter of size, as the first focuses on the size of the process to be 

changed and the second one on the size of the change, it was decided to collect these two 

questions together. 

The size of the process is identified by a number of activities in the process and extent of 

the change is defined by a number of activities that were changed during the redesign pro-

cess.  The size of the process and extent of the change can be either big, middle, small or 

N/A. Where N/A stands for undefined, which means that the size of the process or extent 

of the change were not mentioned in the paper or there was no visualisation of the entire 

case study that was studied in order to identify the size or extent based on the number of 

activities of the process model. The process is considered to be big if it contains twenty-

 

Figure 20. Connection of BPI change presentation group and size of the process. 
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one or more activities, middle-sized if it contains from eleven to twenty activities and 

small if it contains up to ten activities. The extent of the change is considered to be big if 

eleven or more activities were changed, middle if from six to ten activities were changed 

and small if up to five activities have been changed. Those number of activities for defin-

ing big, middle and small size of the process or extent of the change were chosen based on 

the information which was given in the papers. Some papers mention the number of activi-

ties that the entire case study has and call it either big, middle or small sized. Based on this 

data the number of activities for different sizes was identified and applied to define the 

size of the process and extent of the change for other papers that did not mention the size 

of the process.  

 As it can be seen from the Figure 20 that if the process is small-sized then all four catego-

ries are used to identify the change. In the case of the big and middle sized processes, two 

and three categories accordingly are used to present improvement change. Figure 21 

shows the connection between the way of presentation of the BPI change and extent of the 

change. From the figure, it can be seen that distribution of extent of the change among BPI 

change presentation categories is random. For example, “Entire to-be process presented” 

way of BPI change presentation is used for all extents of the change. It seems that there is 

no correlation between the size of the process or extent of the change and the way that BPI 

change is presented. So, answering to RQ1.1: Does the size of the case study affect the 

way BPI changes are presented? and RQ1.2: Does the extent of the change of the case 

 

Figure 21. Connection of BPI change presentation group and extent of the change. 
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study affect the way BPI changes are presented? it seems that according to the analysis 

the size of the process and extent of the change does not affect the way of BPI change 

presentation. 

4.3 Does the industry domain matter in how BPI changes are presented? 
(RQ1.3) 

Data extracted from thirty-two papers regarding the industry of the case studies shows that 

processes are from twelve different domains. Figure 22 shows the connection between BPI 

change presentation group and industry from where the case study is taken. As it can be 

seen from the figure “Entire to-be process presented” group is the most popular one. 

Figure 22 shows that healthcare domain has the higher number of case studies followed by 

processes from government and manufacturing sectors. There is more than on case study 

presented in eight domains. Only in two among this eight domains process change is pre-

sented using the same method. Processes which are from the same industry used different 

BPI change presentation methods. For example, there are eight processes from healthcare 

sector and different papers used different BPI change presentation methods: two papers 

used “To-be process parts presented” method, one process used “Entire to-be process pre-

sented” method and four others used “Changes presented textually” method. So, answer-

ing to RQ1.3: Does the industry from where the case study is affect the way BPI 

 

Figure 22. Connection of BPI change presentation group and industry. 
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changes are presented? it seems that there is no pattern between the industry and the way 

of BPI change presentation. 

4.4 Does the modelling language affect the way BPI changes are pre-
sented? (RQ1.4) 

Data extracted from the papers show that fourteen different modelling languages were 

used in thirty-two papers for process visualisation. Among those languages, thirteen were 

used in twenty-one papers for process change presentation. One language (IDEF0) was 

used for only as-is process visualisation. An interesting finding is that IDEF0 was used in 

three different papers for as-is process model visualisation, but was not used for process 

change presentation. 

Figure 23 shows modelling languages that were used in the papers which use a BPI change 

presentation method that uses modelling language for presenting the improvements. As it 

can be seen from Figure 22 the most popular modelling language for BPI change presenta-

tion is BPMN, which was used in five different papers. The popularity of BPMN model-

ling language shows the tendency of it gaining a standard for business process 

visualisation. The next popular language after BPMN is the workflow net, which is used in 

four papers for BPI change presentation. The popularity of BPMN and workflow net is not 

surprising because they are both process-oriented languages. Figure 24 shows the ratio 

between process oriented and non - process oriented modelling languages. Process orient-

 

Figure 23. Connection of BPI change presentation group and modeling language. 
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ed are those modelling languages that allow parallel tasks. It is clearly seen from Figure 24 

that most of the papers (62%) used process oriented modelling languages, such as BPMN, 

fuzzy maps, CP-nets, Petri nets, workflow net, heuristic net, URN, value-stream and the 

other papers (38%) used non – process oriented modelling languages such as fishbone, 

state model, IDEF0, GRAI, ATD.  

It seems, from the Figure 23 and 24 that in most of the cases different modelling languages 

were used via the same method of BPI change presentation. These modelling languages 

are either process oriented or non-process oriented. So, answering to RQ1.4 Does the 

modelling language affect the way BPI changes are presented? it can be stated that 

modelling language does not affect the way of BPI change presentation.    

4.5 Discussion   

The analyses of the selected papers identify four categories that are used in the selected 

papers to present the BPI change. So, it can be said that BPI changes that are applied to 

real-life cases are presented in three ways: visually, numerically and textually. Most of the 

papers used visual method of process change presentation, so two separate categories of 

visualisation were considered: all to-be process and to-be process parts presented. It was 

also an interesting finding that the textual way of the change presentation was the second 

popular after visualisation, which is surprising because it is not intuitive and the descrip-

tion of the change in the text can be not thorough enough, but perhaps authors used this 

way because it was more convenient for them and was dependent on the particular case 

study or BPI technique.  

 

Figure 24. Correlation between process and non-process oriented modeling languages. 
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The papers were further analysed in order to identify whether different parameters of the 

process, such as size, extent of the change, industry, modelling language affect the way of 

BPI change presentation in identified four categories. The analysis of the papers show that 

there is no systematic approach of choosing the way of presentation of the BPI changes. 

There is no correlation between how the changes are presented and size of the process, the 

extent of the change, industry or modelling language. Even though it was identified that 

most of the papers used process driven modelling languages for process change presenta-

tion.   

It was also noticed that there is no connection between as-is and to-be process models. 

Some papers presented only as-is model and the others only to-be giving no explanation 

for this choice. Nevertheless, in most of the papers while whether just the improved parts 

are shown, then annotation strategy is used to emphasise the parts changed. This means 

that only the parts of the to-be process which were improved are shown with some forms 

of graphical annotation on the parts improved (e.g., by encircling them, by writing some 

text just close to the part or colouring the improved parts with a different colour). Usage of 

this strategy helps to understand the change. 

In most of the papers when the to-be process is entirely provided as-is process is fully pre-

sented as well. This makes it easier to understand the change compared with the cases 

when only to-be process is presented. Availability of as-is process helps to compare both 

as-is and to-be processes which make the change more understandable. So, it might be that 

as-is process is presented in order to make it possible to compare it with to-be process in 

order to identify where the changes occurred through visual comparison.  

4.6 Threats to validity 

In this section, the threats to the validity that could affect this work are analysed. Threats 

are divided into categories to make their description more clear and understandable [51]. 

Internal validity (contextual): It is also possible that some relevant papers were excluded 

because they do not contain chosen keyword in their title or abstract. Although the search 

was done in three online digital libraries and it is believed that the majority of the high-

quality publications are covered with these selected databases.  

Reliability: With regard to reliability there is a threat that the data extracted and analysis at 

some extent are dependent on the researcher. This threat was to some extent mitigated by 

clearly explaining and describing the process of choosing articles and data extraction and 
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coding of the collected data. Also, two very knowledgeable researchers looked at the pa-

pers in order to find any inconsistence based on their wide experience in the field or to see 

perhaps some papers are lagging.   
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5 Related Work 

The search of the related work did not find papers that present BPI changes. The more 

related papers that were found are those which provide a classification of the modelling 

languages or BPI methods. There are a number of studies in the literature concerning re-

design approaches where BPI methods, tools and techniques are reviewed and classified.   

In [49] and [11] BPI approaches and their impact to the act of improving the processes 

are reviewed in a structured way. In [49] papers that are identified from a literature re-

view by following the mandatory elements of the method are evaluated. [11] categorises 

and identifies papers which support the act of improvement. In [34] an overview of heu-

ristic rules is given, which helps to radically improve a business process design compared 

with a current one. They presented a conceptual framework in order to estimate the im-

pact of each best practice which helps a user who is implementing BPR to choose correct 

best practice. In [43] comprehensive methodological framework is created, based on the 

systematic literature review conducted by the authors. The framework contains method 

options for generating process improvement ideas.  

In [45] business process modelling techniques are reviewed and classified based on their 

suitability to analyse and optimise business processes. Modelling languages were grouped 

into three sets based on their modelling capabilities. A framework is provided based on 

that three sets which classify analysis and optimisation approaches. It was identified that 

the most business process modelling techniques do not provide sufficient support for 

structured business process improvement. In [1] also a framework for classifying business 

process modelling techniques is provided. The classification is based on the purpose and 

model change permissiveness of the modelling technique and aims to make it is easy to 

understand the meaning of the modelling language.       

None of the papers discussed in this section analyses or classifies presentation of the re-

design changes. The purpose of this work was therefore to provide an overview of the 

illustration of redesign changes focusing on papers that apply redesign approaches to in-

dustry case studies and to try to identify the main reasons for choosing one or another 

way of presentation of the process redesign change. 
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6 Conclusions 

In this thesis, a systematic literature review was conducted in order to find answers to five 

research questions concerning the means of BPI change presentation and different aspects, 

such as the size of the process, the extent of the change, industry and modelling language 

that could affect the way of BPI change presentation. In the systematic literature review, 

32 relevant papers to the given topic were identified. The papers have been analysed in 

order to find if any similarities occurred so that some categorization about the use of rede-

sign methods could be proposed. Based on the analysis thirty-two papers have been classi-

fied into six categories based on the method used to apply BPI techniques to real-life busi-

ness process scenarios.   

In order to answer the research questions, all the selected papers were carefully analysed 

this time for identifying different means of presentation of the changes after a business 

process improvement. Consequently, papers were examined in order to identify any repeti-

tions, similarities and differences, in how changes were presented in the selected papers. 

Based on the findings of analyses four categories of BPI change presentation were identi-

fied, namely to-be process parts visualised, entire to-be process visualised, change pre-

sented numerically or textually.  

All in all, based on the analyses of the selected 32 papers it can be said that BPI changes 

are presented in three ways: visually, numerically and textually. Further analysis of the 

papers also show that there is no structured way of choosing the mean of presentation of 

the BPI changes. There is no correlation between how the changes are presented and size 

of the process, the extent of the change, industry or modelling language. It was also identi-

fied that some papers except to-be provided as-is process model as well, enabling the 

comparison of the original as-is model with the improved one, which makes it easier to 

understand the change. In some other cases when to-be process model was not presented 

entirely, parts of the to-be process which were improved were shown with some forms of 

graphical annotation on the parts improved, which made the change more understandable. 

It was also an interesting finding that some papers use the text to describe changes, even 

though analyses show that this method of BPI change presentation is not thorough and is 

hard to capture the BPI change when throwing quick look at it. 

As a future work, it is planned to implement experimental validation of preliminary an-

swers given in this paper. It is suggested to find a number of subjects with appropriate 
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background and ask them which is the way in which they perceive that an improvement is 

better understood in a case with respect to another.  

Also, results presented in this paper can be used as a starting point for researchers to inves-

tigate the area of presentation of BPI changes, which will help to lighten the process of 

redesign, which is usually a black box and make it more understandable and give an in-

sight into redesign opportunities for a particular process.   

Additionally, we use the knowledge of authors in presenting their results (i.e., their presen-

tation strategies) to get some hints on how changes should be conveyed, and this 

knowledge could be also used to gather requirements for the design of tools supporting the 

presentation of changes (or better supporting people in better understanding the changes 

occurred in a process after a business improvement initiative). 

 

  

 

  



50 

 

References 

1.  Aguilar-Savén RS (2004) Business process modelling: Review and framework. Int J 

Prod Econ 90:129–149. doi: 10.1016/S0925-5273(03)00102-6 

2.  Aydinli Ö (2008) Business process improvement in organizational design of e-

government services. 8th Eur  … 7:123–134. 

3.  Bhaskaran K, Leung YT (1997) Manufacturing supply chain modelling and 

reengineering. Sadhana 22:165–187. doi: 10.1007/BF02744487 

4.  Borgianni Y, Cascini G, Rotini F (2010) Process value analysis for business process 

re-engineering. Proc Inst Mech Eng Part B J Eng Manuf 224:305–327. doi: 

10.1243/09544054JEM1460 

5.  Borgianni Y, Cascini G, Rotini F (2011) Wood pellet manufacturing improvements 

through product-driven process value analysis. Proc Inst Mech Eng Part B J Eng 

Manuf 225:761–772. doi: 10.1243/09544054JEM2067 

6.  Cima RR, Brown MJ, Hebl JR, Moore R, Rogers JC, Kollengode A, Amstutz GJ, 

Weisbrod CA, Narr BJ, Deschamps C (2011) Use of lean and six sigma 

methodology to improve operating room efficiency in a high-volume tertiary-care 

academic medical center. J Am Coll Surg 213:83–92. doi: 

10.1016/j.jamcollsurg.2011.02.009 

7.  Delgado A, Weber B, Ruiz F, Garcia-Rodríguez De Guzmán I, Piattini M (2014) 

An integrated approach based on execution measures for the continuous 

improvement of business processes realized by services. Inf Softw Technol 56:134–

162. doi: 10.1016/j.infsof.2013.08.003 

8.  Dumas M, La Rosa M, Mendling J, Reijers H a. (2013) Fundamentals of Business 

Process Management. Quant Process Anal. doi: 10.1007/978-3-642-33143-5 

9.  Falk T, Griesberger P, Leist S (2013) Patterns as an artifact for business process 

improvement - Insights from a case study. Lect Notes Comput Sci (including 

Subser Lect Notes Artif Intell Lect Notes Bioinformatics) 7939 LNCS:88–104. doi: 

10.1007/978-3-642-38827-9_7 

10.  Gleicher M, Albers D, Walker R, Jusufi I, Hansen CD, Roberts JC (2011) Visual 

comparison for information visualization. Inf Vis 10:289–309. doi: 

10.1177/1473871611416549 

11.  Griesberger P, Leist S, Zellner G (2011) Analysis of techniques for business 

process improvement. Ecis  

12.  Grimshaw J, Mcauley LM, Bero LA, Grilli R, Oxman AD, Ramsay C, Vale L 

(2003) Systematic reviews of the effectiveness of quality improvement strategies 

and programmes. Qual Saf Heal Care 12:298–303. doi: 10.1136/qhc.12.4.298 

13.  ter Hofstede A, van der Aalst W, Weske M (2003) Business Process Management. 

2678:1019-1019–1019. doi: 10.1007/3-540-44895-0 

14.  Jansen-Vullers MH, Netjes M, Reijers HA (2004) Business process redesign for 

effective e-commerce. Proc 6th Int Conf Electron Commer 382–391. doi: 

10.1145/1052220.1052269 

15.  Jensen K (2007) Eighth Workshop and Tutorial on Practical Use of Coloured Petri 



51 

 

Nets and the CPN Tools.  

16.  Katzenstein G, Lerch FJ (2000) Beneath the Surface of Organizational Processes : 

A Social Representation Framework for Business Process Redesign. October 

18:383–422. 

17.  Kitchenham B, Pearl Brereton O, Budgen D, Turner M, Bailey J, Linkman S (2009) 

Systematic literature reviews in software engineering - A systematic literature 

review. Inf Softw Technol 51:7–15. doi: 10.1016/j.infsof.2008.09.009 

18.  Kristensen LM, Christensen S, Jensen K (1998) The practitioner’s guide to coloured 

Petri nets. Int J Softw Tools Technol Transf 2:98–132. doi: 

10.1007/s100099800003 

19.  Lee CF, Lee JC, Lee AC (2013) Statistics for business and financial economics: 

Third edition. Stat Bus Financ Econ Third Ed. doi: 10.1007/978-1-4614-5897-5 

20.  Lodhi A, Köppen V, Saake G (2012) Business process improvement framework and 

representational support. Adv Intell Syst Comput 179 AISC:155–167. doi: 

10.1007/978-3-642-31603-6_14 

21.  Lohrmann M, Reichert M (2016) Effective application of process improvement 

patterns to business processes. Softw Syst Model 15:353–375. doi: 10.1007/s10270-

014-0443-z 

22.  Lopez H a., Massacci F, Zannone N Goal-Equivalent Secure Business Process Re-

engineering for E-Health. Simulation  

23.  Măruşter L, van Beest N, L. M, N.R.T.P. VB (2009) Redesigning business 

processes: A methodology based on simulation and process mining techniques. 

Knowl Inf Syst 21:267–297. doi: 10.1007/s10115-009-0224-0 

24.  Motahari-Nezhad HR, Recker J, Weidlich M (2015) Business Process Management: 

13th International Conference, BPM 2015 Innsbruck, Austria, August 31 - 

September 3, 2015 Proceedings. Lect Notes Comput Sci (including Subser Lect 

Notes Artif Intell Lect Notes Bioinformatics) 9253:3–18. doi: 10.1007/978-3-319-

23063-4 

25.  Nagayoshi S, Liu Y, Iijima J (2012) A Study of the Patterns for Reducing 

Exceptions. Eewc 2012, Lnbip 110 61–76. 

26.  Netjes M, Mansar SL, Reijers H a, Aalst WMP Van Der Performing Business 

Process Redesign with Best Practices : An Evolutionary Approach.  

27.  O’Neill P, Sohal AS (1999) Business process reengineering a review of recent 

literature. Technovation 19:571–581. doi: 10.1016/S0166-4972(99)00059-0 

28.  Ongkunaruk P (2015) Business Process Analysis and Improvement for a Raw Milk 

Collection Centre in Thailand. Agric Agric Sci Procedia 3:35–39. doi: 

10.1016/j.aaspro.2015.01.009 

29.  Panayiotou NA, Gayialis SP, Tatsiopoulos IP (2006) Re-engineering of the 

forecasting process in a Greek wood-processing company. Prod Plan Control 

17:257–272. doi: 10.1080/09537280500285482 

30.  Pourshahid A, Mussbacher G, Amyot D, Weiss M (2010) Toward an aspect-

oriented framework for business process improvement. Int J Electron Bus 8:233. 

doi: 10.1504/ijeb.2010.03417 



52 

 

31.  Pourshahid A, Mussbacher G, Amyot D, Weiss M (2013) Requirements for a 

modeling language to specify and match business process improvement patterns. 

2013 3rd Int Work Model Requir Eng MoDRE 2013 - Proc 10–19. doi: 

10.1109/MoDRE.2013.6597259 

32.  Rebuge Á, Ferreira D (2012) Business process analysis in healthcare environments: 

A methodology based on process mining. Inf Syst 37:99–116. doi: 

10.1016/j.is.2011.01.003 

33.  Reijers HA, Limam S, van der Aalst WMP (2003) Product-Based Workflow 

Design. J Manag Inf Syst 20:229–262. doi: 10.1080/07421222.2003.11045753 

34.  Reijers HA, Liman Mansar S (2005) Best practices in business process redesign: An 

overview and qualitative evaluation of successful redesign heuristics. Omega 

33:283–306. doi: 10.1016/j.omega.2004.04.012 

35.  REIJERS H, LIMANMANSAR S (2005) Best practices in business process 

redesign: an overview and qualitative evaluation of successful redesign heuristics. 

Omega 33:283–306. doi: 10.1016/j.omega.2004.04.012 

36.  Rinaldi M, Montanari R, Bottani E (2015) Improving the efficiency of public 

administrations through business process reengineering and simulation. Bus Process 

Manag J. doi: 10.1108/BPMJ-06-2014-0054 

37.  Sánchez-González L, García F, Ruiz F, Piattini M (2015) A case study about the 

improvement of business process models driven by indicators. Softw Syst Model 1–

30. doi: 10.1007/s10270-015-0482-0 

38.  Sarker S, Lee AS (2002) Using a positivist case research methodology to test three 

competing theories in use of business process redesign. J Assoc Inf Syst 2:1–72. 

39.  Shahzad K, Zdravkovic J (2009) A Goal–Oriented Approach for Business Process 

Improvement Using Process Warehouse Data. Pract Enterp Model 39:84–98. doi: 

10.1007/978-3-642-05352-8_8 

40.  Siadat SH (2015) Iran Khodro Company Using Best Practices.  

41.  Student Learning Development (2012) Presenting numerical data. 1–11. doi: 

10.1016/B978-0-7506-1496-2.50015-X 

42.  Szimanski F, Ralha G, Wagner G, Ferreira DR (2013) Improving Business Process 

Models with Agent-Based Simulation and Process Mining. Lect Notes Bus Inf 

Process 147 LNBIP:124–138. doi: 10.1007/978-3-642-38484-4_10 

43.  Vanwersch RJB, Shahzad K, Vanderfeesten I, Vanhaecht K, Grefen P, Pintelon L, 

Mendling J, van Merode GG, Reijers H a. (2015) A Critical Evaluation and 

Framework of Business Process Improvement Methods. Bus Inf Syst Eng 58:1–11. 

doi: 10.1007/s12599-015-0417-x 

44.  Vergidis K (2008) Business process optimisation using an evolutionary multi-

objective framework. doi: 10.1017/CBO9781107415324.004 

45.  Vergidis K, Member S, Tiwari A, Majeed B (2008) Business Process Analysis and 

Optimization: Beyond Reengineering. Ieee 38:69–82. 

46.  Verma A (2008) AC 2008-147 : APPLYING SIX SIGMA METHODOLOGY TO 

THE ADMISSIONS Applying Six Sigma Methodology to the Admissions Process 

in.  



53 

 

47.  Wells L (2002) Performance Analysis using Coloured Petri Nets. 1–164. 

48.  Yoo K, Suh E, Kim K-Y (2007) Knowledge flow-based business process redesign: 

applying a knowledge map to redesign a business process. J Knowl Manag 11:104–

125. doi: 10.1108/13673270710752144 

49.  Zellner G (2011) A structured evaluation of business process improvement 

approaches. Bus Process Manag J 17:203–237. doi: 10.1108/14637151111122329 

50.  Zhao TZT, Su QSQ, Zhao CZC, Chang LCL (2009) A four-dimensional framework 

for broad band business process improvement in HT Company. 2009 Int Conf 

Comput Ind Eng 1160–1164. doi: 10.1109/ICCIE.2009.5223843 

51.  Zhou X, Jin Y, Zhang H, Li S, Huang X (2017) A map of threats to validity of 

systematic literature reviews in software engineering. Proc - Asia-Pacific Softw Eng 

Conf APSEC 153–160. doi: 10.1109/APSEC.2016.031 

 

 

 



Appendix 

I Papers selected through systematic literature review 

A: Reference 

B: Group of BPI technique 

C: Group of BPI change presentation 

D: Visualisation 

E: Modeling Language 

F: Degree of granularity 

G: Extent of the change 

H: Number of activities changed 

I: Size of the process 

J: Number of activities (as-is) 

K: Number of activities (to-be) 

L: As-is and to-be are side by side 

M: Improved parts are marked  

 

A B C D E F G H I J K L M 

[21] 
BPI pattern 

based 

Entire to-be 
process pre-
sented as-is, to-be BPMN middle small 2 middle 11 13 no yes 

[31] 
BPI pattern 

based 

Entire to-be 
process pre-
sented as-is, to-be URN low small 1 small 5 6 no yes 
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[9] 
BPI pattern 

based 

Entire to-be 
process pre-
sented as-is, to-be BPMN high small 1 big 22 21 yes no 

[20] 
Quantitative 

based 

Change pre-
sented tex-
tually as-is BPMN middle small N/A small 5 N/A no N/A 

[50] 
Customer/goal 

based 

Entire to-be 
process pre-
sented to-be Fishbone middle middle 6 big 37 31 N/A no 

[30] 
Modeling lan-

guage based 

To-be pro-
cess parts 
presented sups URN  high small 5 middle 16 N/A yes yes 

[37] 
Customer/goal 

based 

Entire to-be 
process pre-
sented as-is, to-be BPMN high middle 8 big 46 38 yes no 

[7] 
Simulation 

based 

Change pre-
sented tex-
tually as-is BPMN high small 2 big 22 N/A N/A yes 

[46] 
Quantitative 

based 

Entire to-be 
process pre-
sented as-is, to-be Fishbone low small 3 small 9 ? no no 

[26] 
Modeling lan-

guage based 

Change pre-
sented tex-
tually as-is 

Workflow 
nets low N/A N/A small 10 N/A N/A N/A 

[16] 
Customer/goal 

based 

To-be pro-
cess parts 
presented sub 

Workflow 
nets low N/A N/A small 9 N/A N/A N/A 

[14] 
Simulation 

based 

Entire to-be 
process pre-
sented as-is, to-be Petri nets low small 3 middle 12 9 yes no 
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[40] 
Interview 

based 

Entire to-be 
process pre-
sented as-is, to-be BPMN middle small 2 middle 15 17 yes no 

[28] 
Interview 

based 

Change pre-
sented tex-
tually as-is  IDEF0  low middle 8 big 31 N/A N/A N/A 

[42] 
Simulation 

based 

Entire to-be 
process pre-
sented as-is, to-be BPMN low small 3 small 3 6 no no 

[25] 
Interview 
based 

To-be pro-
cess parts 
presented sups ATD  high middle 6 middle 15 N/A no yes 

[4] 
Customer/goal 
based 

Change pre-
sented tex-
tually 

as-is sub 
process IDEF0  low N/A N/A middle 18 N/A N/A N/A 

[2] 
Customer/goal 
based 

Entire to-be 
process pre-
sented as-is, to-be 

Workflow 
nets middle big 14 big 25 15 no no 

[36] 
Simulation 
based 

Change pre-
sented nu-
merically as-is 

State 
model middle N/A N/A small 6 N/A N/A N/A 

[23] 
Simulation 
based 

Entire to-be 
process pre-
sented as-is, to-be 

Heuristic 
net middle N/A N/A big 142 N/A no no 

[13] 
BPI pattern 
based 

Change pre-
sented nu-
merically as-is CP-nets middle N/A N/A small 8 N/A N/A N/A 

[33] 
Modeling lan-
guage based 

Entire to-be 
process pre-
sented to-be 

Workflow 
nets high N/A N/A N/A N/A 18 N/A N/A 
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[5] 
Customer/goal 
based 

Change pre-
sented tex-
tually as-is IDEF0  high small 2 small 6 N/A N/A N/A 

[22] 
Customer/goal 
based 

Change pre-
sented tex-
tually as-is BPMN high N/A N/A middle 17 N/A N/A N/A 

[29] 
Interview 
based 

Entire to-be 
process pre-
sented as-is, to-be GRAI  high big 

not 
clear middle 15 18 no no 

[3] 
Quantitative 
based 

To-be pro-
cess parts 
presented subs 

Value - 
stream N/A N/A N/A N/A N/A N/A N/A N/A 

[39] 
Customer/goal 
based 

Change pre-
sented tex-
tually as-is BPMN high N/A N/A middle 13 N/A N/A N/A 

[44] 
Simulation 
based 

Entire to-be 
process pre-
sented as-is, to-be 

Fuzzy 
map middle small 1 small 5 6 no no 

[15] 
Simulation 
based 

To-be pro-
cess parts 
presented subs CP-nets middle N/A N/A middle 18 N/A N/A N/A 

[48] 
Modeling lan-
guage based 

Entire to-be 
process pre-
sented as-is, to-be 

Workflow 
nets high small 1 small 6 5 no no 

[6] 
Quantitative 
based 

Change pre-
sented tex-
tually as-is 

Value - 
stream middle N/A N/A middle 19 N/A N/A N/A 

[38] 
Interview 
based 

Entire to-be 
process pre-
sented as-is, to-be 

State 
model high small 2 middle 18 20 no no 
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