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Tiivistelmä

Monissa lähteissä on kerrottu jo useiden vuosikymmenten ajan, kuinka globalisoituminen kiihdyttää liike-elämää.
Liike-elämän johtamisesta on tullut vaativampaa, ja suuretkin yritykset joutuvat kilpailemaan myös innovatiivisia
startup-yrityksiä vastaan. Samanaikaisesti yritysten on pystyttävä luomaan yhä enemmän arvoa loppuasiakkailleen
entistä pienemmillä resursseilla. Tämän vuoksi niiden on tärkeää keskittyä ydinliiketoimintoihinsa ja varmistaa
organisaation korkea tehokkuus.
Yksi perustavanlaatuinen toimintatapa tehokkuuden parantamiseksi on liiketoimintaprosessien analysointi ja
kehittäminen. Perinteiset menetelmät, kuten liiketoimintaprossien mallintaminen ja kehittäminen työpajojen avulla,
ovat resursseja kuluttavia. Perinteiset menetelmät eivät ole myöskään vahvoja kuvaamaan organisaatioiden todellisia
prosesseja, joissa ovat mukana kaikki reaalielämän muuttujat. Lisäksi organisaatioilla on selkeästi haasteita
liiketoimintaprosessiensa hallinnassa.
Toisaalta organisaatiot ovat keränneet viime vuosien ajan suuria määriä operationaalista dataa erilaisiin
datakeskuksiin, ja tästä syystä esimerkiksi big data -termi on yleistynyt. Kuitenkin suurin osa olemassa olevasta
datasta ei ole tehokkaasti käytössä esimerkiksi datalähtöisessä päätöksenteossa.
Prosessilouhinta (engl. process mining) yhdistää liiketoimintaprosessien hallinnan ja datalähtöisen lähestymistavan
yrityksen
alati
kasvavien
tarpeiden
tukemiseen.
Prosessilouhinnan
päätarkoitus
on
käyttää
toiminnanohjausjärjestelmien (engl. ERP systems) ja muiden IT-järjestelmien tuottamaa sivudataa algoritmien avulla
liiketoimintaprosessien visuaaliseen mallintamiseen. Lisäksi prosessilouhinta keskittyy löydösten tekemiseen, joiden
avulla tunnistetaan potentiaalisimmat alueet prosessien kehitykselle.
Prosessilouhinta on ajankohtainen tutkimusalue, mutta sen hyötyjä loppuasiakkaille ei ole vielä tutkittu eikä
dokumentoitu laajasti. Tämän tutkimuksen tarkoitus on ensin validoida, että organisaatioilla on haasteita
liiketoimintaprosessiensa kanssa ja että heillä on saatavilla dataa toiminnanohjausjärjestelmistä. Sen jälkeen
tutkimuksen päätavoite on määritellä tapaustutkimuksen (QPR ProcessAnalyzer) avulla, millaisia hyötyjä
prosessilouhinnalla saavutetaan. Tutkimustavoitteet saavutetaan vastaamalla kolmeen tutkimuskysymykseen:
TK1) Millaisia haasteita organisaatioilla on liiketoimintaprosessiensa kanssa?
TK2) Tukeeko toiminnanohjausjärjestelmistä saatava data liiketoimintaprosessien kehittämistä?
TK3) Miten prosessilouhinta auttaa organisaatioita ymmärtämään ja kehittämään liiketoimintaprosessejaan?
Kaksi ensimmäistä tutkimuskysymystä liittyvät sekä tapaustutkimukseen että kirjallisuuskatsaukseen, jonka
aihealueet ovat liiketoimintaprosessien hallinta, toiminnanohjausjärjestelmät ja liiketoimintatieto (engl. business
intelligence). Kolmas tutkimuskysymys liittyy tapaustutkimukseen, jossa on sisäinen ja ulkoinen näkökulma. Sisäistä
näkökulmaa edustaa QPR Softwaren henkilöstö ja ulkoista näkökulmaa kaksi asiakasorganisaatiota.
Tutkimuksessa tunnistetaan prosessilouhinnan tuottamia hyötyjä ja käyttötarkoituksia. Työssä esitellään laajemmin
yksi prosessilouhinnan käyttötarkoitus, jossa prosessilouhinnalla tuetaan toiminnanohjausjärjestelmän
käyttöönottoprojektia. Lisäksi huomataan, että prosessilouhinta pystyy auttamaan kirjallisuuskatsauksessa esille
tuoduissa liiketoimintaprosessien hallinnan päähaasteissa.
Tutkimus on yleistettävissä myös muuhun prosessilouhinnan alaan, sillä työssä on hyödynnetty tapaustutkimuksen
lisäksi aiempaa kirjallisuutta sekä termistöä.
Muita tietoja

Avainsanoja: prosessianalyysi, liiketoimintaprosessit, toiminnanohjausjärjestelmä, prosessien kehittäminen
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Abstract

Various sources have stated already for the past couple decades how globalization is increasing the pace on the
business environments and how the companies must concentrate on their core operations. However, today the
business environment is even more demanding than before and large corporations compete neck to neck with
disruptive startups. Therefore, organizations must deliver more added value for end customer with less internal
resources, which is directly linked to efficiency and effectiveness of organizations.
One founding concept to increase efficiency and effectiveness is to analyze and improve companies’ business
processes. Traditional methods such as holding workshops to map the business processes and then analyze and further
develop them can be very time consuming and mostly limited to “wish/to-be” processes. Traditional methods also
lack ability to describe “as-is” state of business processes where actual variation is present. Furthermore,
organizations have clearly challenges with their business process management.
On the other hand, past years’ organizations have been collecting huge amounts of operational data to their data
warehouses and terminology such as big data has been a hot topic for several years. Still, most of the data is not used
very effectively on any analyzes even talking about applying it on data based decision making.
Process mining combines business process management and data-driven approach to address the rising needs of
organizations. The core idea of process mining is to harness ERP or other IT system’s underlying data by using
algorithms to create visualized process flowchart. Moreover, process mining concentrates on making discoveries and
findings to locate pain points and improvement areas for organization to apply business process development actions.
Process mining is also very timely research area of which actual end user benefits are not well documented. The goal
of this research is to first validate that organizations have challenges with their business processes and that they have
also data available at their ERP systems. Then the main contribution of this research is to evaluate what kind of
benefits user can achieve from process mining by conducting a case study on one large process mining vendor (QPR
ProcessAnalyzer). The research objectives are met by answering to three research questions:
RQ1) What kind of business process management challenges organizations have?
RQ2) Does ERP systems’ data help to improve business processes?
RQ3) How does process mining help organizations to understand and improve their business processes?
The first two research questions are related to both literature review (business process management, enterprise
resource systems and business intelligence) and the case study. The third one is addressed strongly by the case study
that has two angles: internal QPR Software employee point of view and external customer perspective from two large
QPR Software’s customers.
The results of the research introduce many benefits and use cases of process mining. The new use case of applying
process mining to support ERP implementation project is presented with a detailed perspective and estimated cost
saving calculations. Furthermore, it is discovered that process mining addresses all three main BPM challenges
identified during the research.
The results can generally be applied on process mining industry as the case study setting has been extended with the
past literature and terminology.
Additional Information

Key words: process mining, business process management,
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1 INTRODUCTION
1.1 Background
Business processes are a part of organizations’ basic activities and shape how
organizations run their business (Gerth 2013). Modern organizations would like to do
everything faster, cheaper and better, which makes improving business processes and
meeting customer needs effectively a high priority (Markus & Grover 2008). Rogge-Solti
et al. (2016) notify that this need has become recently even more demanding and therefore
organizations see business processes as a highly important matter while trying to improve
their effectiveness and efficiency.
Page (2015) suggests process improvement as a method for meeting businesses’ growing
need for efficiency and effectiveness while having an emphasis on responsiveness to
customers. This is related to the need for understand the differences, dependencies and
collisions between different business processes in order to be able to develop them (Gerth
2013).
Monk & Wagner (2009) see that the companies’ intention is to deliver their customers’
products and services faster while having lower costs than those of their competitors. This
is often achieved by having efficient integrated IT systems such as ERP systems. The fact
that companies have very global roles, IT systems have become very complex and hard
to maintain (Gerth 2013). There is a large hype around IT technologies but organizations
still find it hard to reach wanted outcomes from implementing new technologies and IT
systems (Peppard et al. 2007).
The incredible growth of the amount of data which is available from companies’ IT
systems has created an opportunity to further process and analyze it to make data-driven
decisions or propositions (Van der Aalst 2016). Terms such as harnessing data and databased decision-making are being used more and more often. However, the usage of the
data is not effective, and the relationship between the data and harnessing it needs further
defining. (Spillane 2012)
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Gartner’s Hype Cycle for Emerging Technologies 2016 introduces the term ‘smart data
discovery’ concerning the innovation trigger phase. Smart data discovery is linked to the
need for making discoveries of organizations’ data and doing advanced BI solutions.
Moreover, smart data discovery is going to be a mainstream technology within five to ten
years as from the year 2016. (Gartner 2016a, Gartner, 2016b, Forni & van der Meulen
2016, Walker et al. 2016) Furthermore, business process field has developed significantly
in the areas of flexible business processes, process mining, case management and social
business processes during the past few years (Hull & Nezhad 2016).
Process mining is a young research area with connections to computational intelligence
and data mining as well as to process modeling, improvement and analysis (Van der Aalst
et al. 2012). Therefore, process mining is a bridge between data mining and business
process management (Van der Aalst 2016). Moreover, businesses today have a very
limited visibility to what actually happens in their processes. In other words, there is a
huge gap between what is designed to happen and what really happens. (Van der Aalst et
al. 2010)
The core idea of process mining is to extract transactional data from IT systems to
construct process models. These process models represent the as-is reality of business
processes in contrast to “to-be” -business process modeling. (Van der Aalst et al. 2012).
Process mining operating environment is described in Figure 1. Transactions done by
organizations are shown in the top left corner and the figure continues clockwise. As
organizations use IT systems, it creates logs that are stored on the servers. Then process
mining extracts that data to construct process models and to create foundation for process
analysis and improvement.
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Figure 1. Process mining environment (adapted from Van der Aalst et al. 2012).
So, business process management is a highly important topic for organizations wanting
to improve their operations as competition is extremely tough. Furthermore, organizations
have stored huge amounts of data during past years, so this transactional data could be
used to improve business processes. Harnessing that underlying data for business process
management can be done with process mining. Literature related to process mining is
limited because it is a young research area and especially actual end customer benefits of
process mining has not been clearly identified. Moreover, high good quality case studies
of process mining applications are simply not available. These perspectives make process
mining an interesting and timely research topic, and this research tries to address these
research area and industry needs.

1.2 Research setting & structure
The objective of this research is to better understand how process mining based analysis
can help organizations to improve their business processes, and moreover, what kind of
benefits organizations that have an ERP system can receive from process mining.
Furthermore, research supports QPR Software’s intentions to deeper understand process
mining area to be able to educate the market and spread the knowledge about process
mining benefits and use cases. These objectives are reached by answering the following
three research questions.
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RQ1: What kind of business process management challenges organizations have?
Business process management research is described in the literature review in order to
answer the first research question. The target is to learn from literature whether the BPM
is still active, and if organizations use process related approach to see operations, and
furthermore, what kind of challenges they have related to BPM.
RQ2: Does ERP systems’ data help to improve business processes?
Second research question is answered through both the literature review and the empirical
case study. Key concepts are discussing how business processes and ERP systems are
related and then validating whether organizations actively use ERP systems and have data
available for BPM needs. This research does not take stand on why the ERP projects fail.
RQ3: How does process mining help organizations understand and improve their
business processes?
The last research question aims to create new knowledge about the end customer benefits
and use cases of process mining. The answer relies mostly on empirical case study
findings. Furthermore, research introduces some areas where QPR Software’s customers
have found process mining effective.
Structure of the thesis
The process of the research is described in Figure 2. As discussed in the background
chapter, process mining is an active topic, and the research is based on the needs of the
industry. First chapter, introduction, goes through the general business settings and
explains why this research is needed. Second chapter’s literature review presents the
literature findings related to the topics of business process management, business process
improvement, ERP systems, business intelligence and process mining. The third chapter
goes through the research methods and frameworks being used. Then the fourth chapter,
the case study, introduces QPR Software’s perspective to process mining and business
process management and creates a connection between the literature and business. The
case study has both internal QPR Software employee interviews and external customer
interviews. The fifth chapter is a discussion of the comparison between the literature
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review and the case study, and it constructs the results of the research. Finally, on a sixth
chapter, there is a conclusion which presents the findings of the research, answers
research questions and creates a setting for future research.

Figure 2. The research process.
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2 LITERATURE REVIEW
The literature review consists of the three main topics: 2.1) Business process
management, 2.2) Enterprise resource planning systems and 2.3) Business and process
intelligence. The relationships between these research areas are described in Figure 3.
Chapter 2.1 presents business process management area and its challenges. Business
processes are executed and used within the organization, and they operate on wide IT
systems such as an ERP system. Chapter 2.2 presents these ERP systems and define
whether they produce data which is available for analysis purposes. Chapter 2.3 discovers
the basic literature of business and process intelligence solutions, which harness data and
produce analytics and insights to support business process management. Chapter 2.4
synthesizes the literature review and presents Figure 18 (on page 45) which is an
enhanced revision of Figure 3.

Figure 3. The relationships of the literature review topics.

2.1 Business process management
This chapter introduces the main literature related to business processes management
(BPM). The key topics discussed within the BPM area are: business processes, business
process modeling and mapping, business process improvement and BPM related
challenges. The chapter constructs also the foundation to answer the RQ1.
Business process management (BPM) has roots at least till 1930s when Nordsieck used
business process as a sequence of activities needed for an output. Today, “BPM can be
defined as the set of all management activities related to business processes” (Mendling
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2008). BPM is a way to oversee what kind of tasks are there in the organization, and how
those tasks are executed and performed. Moreover, to keep continuously eye on what is
going on and discovering opportunities for process development and improvement.
(Dumas et al. 2013)
2.1.1 Business Processes
While companies do their core business and interact with their customers they have a few
basic business functions, such as marketing, sales, supply chain management, accounting
& finance and human resources. However, these business functions have dozens of
internal businesses processes. (Monk & Wagner 2009)
Business process is defined as “a collection of activities that take one or multiple kinds
of input and create an output such as a report or forecast, that has some value to the
customer” (Hammer & Champy 1993, Laamanen & Tinnilä 2009, Laamanen 2001, Monk
& Wagner 2009). Davenport (1993) extends this by stating that process activities are tied
to time and place and have a specific starting and ending points, basically a structure for
action.
Figure 4 illustrates the basic idea of how business processes flow through several
organizational functions. Order process starts from sales and continues from immediate
accounting actions to purchasing that supplies the required materials. Then production
takes place to create some added value on purchased materials and finally logistics deliver
the goods for the customer.

Figure 4. Relationship of business functions and business processes (adapted from
Monk & Wagner 2012).
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Business and operations can be viewed from various angles but process approach implies
the importance of customer because company processes are design to produce value for
customer. González-Rojas & Lesmes (2016) state that “business processes are core
operational assets to control firms’ efficiency in value creation”. Moreover, the target of
fulfilling customer needs and expectations supports business process approach for
operations and same time drives company towards customer happiness. (Davenport 1993,
Laamanen 2001)
There are two distinct levels of business processes. A higher level where end-to-end
business processes are automated by combining smaller steps into a sequence and a lower
level which has finer steps to construct larger steps. Besides large cross-functional endto-end business processes, there are smaller business processes that happen within various
functions. Furthermore, business processes compose of finer process events and activities
which have conditions for each transition. For example, creating a purchase order,
modifying a purchase order or sending an invoice are business process events. (Bendoly
et al. 2011)
Hull and Nezhad (2016) suggest two main business process categories: knowledge
intensive processes and transactional intensive processes, see Figure 5. The lower group
is transaction-intensive processes such as payrolls, accounts receivables and supply chain
basic transactions. The higher category consists of two smaller groups; judgement
intensive and design & strategy intensive processes. But they both are knowledge
intensive processes and include processes that are human-driven and require decisions,
judgements, creativity and collaboration. When it comes to executing these processes,
they have some differences related to IT methods. (Hull & Nezhad 2016)
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Figure 5. Main business process categories (adapted from Hull & Nezhad 2016).
Davenport (1993) recognized already in early 1990s that IT is going to revolutionize the
way companies do business and especially how they develop their business processes.
Monk & Wagner (2009) continue that if a company has efficient IT systems it often leads
to efficient business processes which are directly linked to the profitability of the whole
company. There are also two execution methods for business processes: automated
(software will execute process) and manual (humans are responsible for execution).
Frequency and regularity of the process, and the level of customization and variation in
the business processes has a strong influence on whether the business process should be
automated. In ERP systems, workflow tools can automate some of the business processes.
Bendoly et al. (2011) notify that every business process consists of multiple smaller
events that can be automated within the IT system.
Even with process automation or with strict policies there exists always process variation
and it is natural (L. Zhu et al. 2007). Furthermore, Simidchieva et al. (2007) suggest that
business processes give people opportunity to execute tasks in the most effective way
without binding them prematurely to some form. A balance between clarity of the process
model and its ability to fit to large portion of the process variances is one of the key
challenges in business process modeling and business process management (Fahland &
Völzer 2016). Many organizations take new technologies into use to improve productivity
and to reduce costs but one way effective way is to improve productivity by streamlining
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processes (Beheshti & Beheshti 2010). However, people, processes and information all
around the organization and IT systems must be involved to be able to create strategic
advantages from business processes (Bendoly et al. 2011).
2.1.2 Management of business processes
BPM is a way to oversee what kind of tasks are there in the organization and how those
tasks are executed and performed. Moreover, to keep continuously eye on what is going
on and discovering opportunities for process development and improvement. Typical
development methods are usually reducing costs, lead times or error rates. Furthermore,
lead times do not generally mean durations between some process events but whole endto-end process durations. (Dumas et al. 2013)
End-to-end processes can be hard to identify because they often influence many different
organizational departments and the personnel working in some specific department might
not know the procedures of the other departments. Process management is difficult as
everyone do not see or understand the BPM targets and roadmap from the same
perspective (Page 2015). But modern businesses give a big role for business processes
and BPM when it comes to improving effectiveness or efficiency (Rogge-Solti et al.
2016).
All the business processes require management, monitoring and improvement to keep up
with the competition and the business needs. To answer this need Dumas et al. (2013)
introduced BPM cycle (see Figure 6). In the identification phase a business challenge or
a business problem is exposed. Then on discovery phase the relevant business processes’
as-is states are documented. On analytics phase the issues related to as-is process are
analyzed and documented. Then on redesign phase the business process improvement
needs are identified so a to-be business process model is constructed. Next, on
implementation phase the required changes from as-is business process world to to-be
process model are prepared and executed. Finally, there is a monitoring and controlling
phase where the process data is analyzed to see how well the to-be processes replaced the
as-is processes and what could be enhanced. (Dumas et al. 2013)
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Figure 6. Business process management cycle (adapted from Dumas et al. 2013).
2.1.3 Business process modeling / mapping
Business processes are complex and humans are often executing those processes while
trying to be effective (reaching the wanted outcome) and efficient (minimum number of
resources is used to reach the wanted outcome). So, there is a need for defining business
processes clearly to make sure that business processes are actually followed while doing
the business. Moreover, by having business process models (abstract representation of a
process), it helps to train and to define personnel’ responsibilities and support their
understanding of the whole end-to-end processes. (Monk & Wagner 2009)
The construction of business process models is widely known as business process
modeling. Business process modeling is a combination of designing, maintenance,
analysis and business process improvement while focusing on business process models.
(Gerth 2013) Moreover, a basic presentation of business process model can be seen in
Figure 7. Monk & Wagner (2009) continue that the main target of creating business
process models is explaining the process situation and the process steps for all
stakeholders. The creation of business process models includes often a close collaboration
with all organization levels by workshops and by other meetings to be able to understand
the whole situation.
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As process modelling is mostly from the perspective of setting and creating processes, is
process mapping a method to expose weak spots of the process and to define as-is
situation of the current process (Monk & Wagner 2009). A good process map should
have: all the critical aspects, show the dependencies and support understanding of the
roles and the full picture. Furthermore, business process mapping can be very time
consuming and precise to make sure that processes are correctly described. (Laamanen
2001) Business process mapping requires deep expertize to subject but still it is
increasingly typical to have business persons without process mind set managing process
mapping which is a big risk (Becker et al. 2000).
Monk & Wagner (2009) identify that there is a large range of process modeling tools but
flowcharts are one of the simplest tools available to visualize process models as they are
a representation of any flows, events, movement, or entities (see Figure 7). There are real
languages to specify business process models and flowcharts. Moreover, the most
frequently used languages are UML Activity Diagrams, Business Process Execution
Language (BPEL), Business Process model and Notation (BPMN) and Event-driven
Process Chains (EPC). (Gerth 2013)

Figure 7. General process model (adapted from Scheer & Nüttgens 2000).
These business process models and descriptions can be used for business process
development & improvement to identify inefficiencies or process defects. In addition,
business process models might provide information to prescribe what flows and entities
are going to be executed next for each case (L. Zhu et al. 2007). Van der Aalst (2011)
lists a few other use cases for process models:
-

Insight (to give more detailed perspective for modeler)

-

Discussion (to create a structure for discussion related to models)
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-

Documentation (to create models for instructing people or to fulfill certification
requirements)

-

Verification (to find errors or problems in procedures or systems

-

Performance analysis / simulation (to understand factors influencing KPIs)

-

Animation (to visually play various scenarios and gain deeper understanding)

-

Specification (to deepen understanding of processes)

-

Configuration (to help configuration of any system)

Although organizations model all kind of processes there are a few core end-to-end
processes that are used and modeled. Those core end-to-end processes are often also
highly interesting because they create the most of the added value within the organization.
Three highly common end-to-end processes are: order-to-cash, procurement-to-pay and
issue-to-resolution. (Dumas et al. 2013)
Order-to-cash -process is a typical process for an organization and Figure 8 shows one
typical variation of it. Process starts from a customer sending an order. Then there are all
the internal activities to be able to deliver customer the sold service or product. The
process finally ends at the event where customer creates a payment corresponding to the
received goods and the invoice. Depending on the organization’s business model the
process can start from a quotation so then the process is called quotation-to-order.

Figure 8. A general order-to-cash process (adapted from Goedertier & Vanthienen
2006).
Procurement-to-pay is a basic process for organizations while doing service or product
purchases from external organizations. It is basically a dual for order-to-cash process but
from a customer point of view instead of vendor point of view. Issue-to-resolution is one
version of service ticket process. Issue-to-relation -process begins when a customer
makes complaint or issue of defect. Then the process goes until the issue is resolved from
both the customer and the vendor point of view.
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Business process repositories of large organizations grow very large, therefore finding
some specific processes become difficult and taking an advantage of the designed
processes is harder. But there are multiple algorithms available to find processes from the
repository based on the similarity of processes’ text fields, structure or behavior.
(Dijkman et al. 2009)
2.1.4 Business process improvement
Process structure tells how companies’ and organizations’ deliver value (Davenport 1993,
Hammer 1994). Moreover, the activities that cost more than they add value, should be
improved (Leopold et al. 2015). The added value consists of three categories: the real
value (something customer is willing to pay), the business value (help company run their
business) and no value (activity that should be removed) (Monk & Wagner 2009).
Hammer & Champy (1993) agree and say that improving processes leads to huge benefits
by direct savings but also by reducing non-value adding processes. As the number of nonvalue adding actions and processes is reduced, the rate of doing value adding work
increases which leads to higher efficiency (Hammer & Champy 1993). Improving
business processes is one of the key ways to control organizations’ value generation
(González-Rojas & Lesmes 2016). On the other hand, valuating processes is much harder
than valuating goods or services. Furthermore, applying process improvements is even
harder than finding areas for improvement. (Monk & Wagner 2009)
To achieve these saving potentials there are many kind of process development or
improvement approaches as Davenport (1993) lists in Table 1. Davenport constructed the
list a couple decades ago so process mining is naturally not presented on the list.
Additionally, Davenport (1993) lists three typical process improvement situations:
1) when new IT system is being integrated
2) when organization has recognized some problem that needs to be solved
3) when organization wants to increase general performance of business processes.
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Approach
Activity-Based
Costing
Process Value
Analysis
Business Process
Improvement
Information
Engineering
Business Process
Innovation

Objective
Reduce costs
Streamline a single
process
Continuously
improve processes
Build a system on
top of process lines
Radical change to
improve processes

Tool/Method
Open the cost structure
form process point of view
Value analysis for each
process step
Process step classifications
Documentations of
processes
Change levers and future
insights

Foundation
Accounting
Consulting
Total quality
management
System
analysis
Competitive
system

Table 1. Different process development methods (adapted from Davenport 1993).
There are also various types of BPI. When BPI is incremental it can be either one-time
project or continuous improvement method. When BPI is executed as a project it can be
a process-, activity- or overhead value analysis. Whereas if improvement work is
continuous it is total quality management, business process improvement or activity based
costing. If the improvement work is radical instead of incremental it can be only one-time
because radical continuous improvement is not meaningful. Radical improvement is
defined as process innovation, process re-engineering or business process redesigning.
(Davenport 1993)
Hammer & Champy (1993) list a few benefits of process improvement:
- Eliminating handoffs leads to less errors, delays and rework needed so the lead time of
various business actions will be shortened.
- Management will be easier since the roles and the responsibilities are well defined and
there is less double work being done. Furthermore, monitoring the results and the
performance is easier.
- Business processes are processed in natural order and the workers have the matching
decision making power related to their tasks.
- Business process variation is under control. It is normal that some complex business
processes might require a parallel versions of business processes but even still the
variations are controlled.
- Number of checks and validations is reduced because the process is more effective and
the need for steps to qualify the output is reduced.
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However, in complex organizations, the old / existing process needs to be first studied
and understood before doing any new process models or shapes (Davenport 1993).
Generally real processes turn out to be large and complex (L. Zhu et al. 2007). For this
Măruşter et al. (2006) state that it does not matter whether it is about designing,
redesigning, modeling or implementing business processes the work should be initiated
with an analysis of the existing processes.
Typically, in business process development it is not natural to look at the processes from
large objective perspective. It is even harder to identify causal connections between
process events or attributes. Besides, business process models get often so large that
understanding them is very demanding and it requires a lot of expertise. But still the
understanding of processes is essential to ensure that development resources are focused
correctly. Identification of the key processes must be done initially, secondly modeling
processes, thirdly matching the actual work and processes and finally continuous
development of processes. (Laamanen 2001)
Page (2015) emphasizes the importance of continuous development. If an organization
begins to relax after a development project, it often finds itself from the same situation
than before the development project. It is vital that organizations are interested in keeping
the results of the past projects and furthermore continuously aiming for new targets (Page
2015). Laamanen (2001) adds that, performance measurement is an important part of
process development so there are some key performance indexes that companies tend to
follow and monitor. Some general KPIs that organizations follow are throughput time,
effectivity, spoilage and on-time-delivery.
As in process improvement the idea is to reshape the existing process and not necessarily
to start the process defining from zero, is business process reengineering totally the
opposite as the whole process is redesigned. Furthermore, business process reengineering
means “the fundamental rethinking and radical redesign of business processes to achieve
dramatic improvements in critical contemporary measures of performance such as cost,
quality, service and speed”. In other words, it is rethinking the reasoning behind the
business processes and understanding the effects of each business process steps for whole
business customer value wise. Moreover, in operational development the core focus
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should be in process structures and process development instead of organization structure
which gets often a lot of attention and resources. (Hammer & Champy 1993)
Process innovation support cost cutting very well from various perspectives such as
getting rid of wasted work but also doing right things. Besides the process innovation is
high risk, long one-time project where some specific process is re-innovated to deliver
higher value for customer. On the contrast to process improvement where change is not
as radical and large scale. (Davenport 1993) Business process reengineering is one of the
most effective tools to improve companies’ efficiency and customer satisfactions (Mansar
& Reijers 2005).
2.1.5 Challenges on improving business processes
However, process development is not as easy as it first might sound. Business processes
are hard to describe objectively, and even when they are described it does not work on all
the cases since the business world is very heterogenous. (Desai et al. 2005)
One of the core challenges of business process development is identification of which
processes to improve and to focus the investment resources. It is vital because selecting
and developing wrong processes might not be very beneficial or profitable. (Davenport
1993) There are also numerous other challenges such as measurement. Measurement of
process performance is a natural part of process development but it is not always simple.
This is mainly because persons executing the process performance measurement might
not understand the measures deeply enough or persons are not fine with objective
measurement of their performance because it could reveal some lack of profession.
(Laamanen 2001)
Process improvement is also very time and resource consuming. This might raise
questions about efficiency and effectivity related to process improvement. Furthermore,
there might be change resistance related to new process proposals or even no interest to
improve. However, these both are not related to just BPM but change resistance is a wide
topic on all kind of change actions on any organization level. (Laamanen 2001)
Lu et al. (2007) highlight the importance of business process compliance. Compliance is
in short making sure the business processes, operations and usage of systems is in line
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with prescribed model. Liu et al. (2007) define that checking business process compliance
is very demanding and it is a huge challenge for large enterprises. Moreover, the use cases
of process models are spreading and the variety of persons being in charge of process
modeling increases (for example pure business oriented persons) so the quality of process
models is volatile. (Becker et al. 2000)
Trkman (2010) notifies that there are some issues related to business processes evolution
and their variability. He finds BPM as a continuous effort and one-time projects might be
not as effective. This is also linked to constant fitting of business processes and
technologies like ERP systems.

2.2 Enterprise resource planning systems
This chapter presents an overview of literature related to ERP systems. More specifically,
it will consider ERP systems’ development, challenges on ERP systems and development
of business processes from ERP point of view. The chapter will also provide the literature
basis to answer RQ2.
IT is not today just a support function but it can be seen as a key enabler for business.
Companies have realized that the power of IT as it enables competitive advantages related
to company’s core business. Globalization increases the need for IT as processes and
policies become harder to maintain because culture and operational styles have more
variations. The key IT capabilities are an ability to use IT to make a novel business context
more effective and ability to respond faster to a changing business environment and being
more agile. (Bendoly et al. 2011) In global economics and business operations there has
been a need for ERP systems to achieve efficiency, competence and competitiveness to
survive in rapidly evolving business environment. Moreover, ERP systems have become
a basic need for small and large companies to successfully run their operations. (Xu 2015)
The core idea of ERP systems is to improve productivity by giving organization
capabilities of generating timely and accurate information through whole enterprise and
supply chain (Beheshti & Beheshti 2010, Niu et al. 2011).
Companies are looking for several things from ERP systems. One angle is that
organizations purchase ERP systems with the expectation of financial benefits (Galy &
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Sauceda 2014). Moreover, companies are adopting ERP systems to gain lower operating
costs, shorter cycle times and higher customer satisfaction. Also, that information needs
to be inserting just once to the ERP system and then it is usable from various access points
and from diverse use cases of different business functions. Then after inserting data it
becomes highly important that data is correct and real-time. This way organization can
save huge amounts of money in labor, production and inventory costs for organizations
by acquiring an ERP system. (Wright & Wright 2002)
Some organizations have also a misleading idea that ERP system implementation would
create some instant business advantages but in reality these advantages take time to
construct. The payback time of an ERP system investment consist of many different
matters but one of them is how well the ERP system is integrated to company’s present
processes and organization. Furthermore, how well the organizational processes support
the new ERP system. (Hossain et al. 2002)
Beheshti & Beheshti (2010) continue that one of the biggest benefits of having an ERP
system is an ability to develop processes because processes tend to be disorganized
without structured IT system. Rethinking processes and taking advantage of
reengineering processes into ERP system may lead to huge savings. Moreover, ERP
system and their CRM applications give opportunity for data mining and tracking market
& customers since all the data is systematically collected and it is most commonly in one
large data warehouse. (Beheshti & Beheshti 2010)
However, ERP system implementation possess a risk for organization to lose its’
efficiency and effectiveness. This is because failing an implementation is very expensive
and resource taking and it may paralyze operations. Furthermore, ERP system
implementations are common research area as they are so widely used on organizations.
(Vilpola 2008)
2.2.1 Definition and evolvement of ERP system
Today’s world economy is extremely global. Basically, every business and organization
is a potential worldwide actor in this huge integrated economy. As companies become
more global the importance of exact and synchronized data becomes truly important.
(Bendoly et al. 2011) Furthermore, Hossain et al. (2002) add that globalization has led
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to increasing business needs towards information and software systems. Businesses’ seek
for new ways to support their core business and getting competitive advantages from
lower costs and better profitability. Moreover, businesses require more inter-functional
data for decision making on all organization levels and functions. This need for interfunctional and synchronized data is reached by technology platforms - ERP systems
(Bendoly et al. 2011). ERP system is a software that guarantees integration between
enterprise financial, accounting, human resource, supply chain and customer related
information flows (Davenport 1998).
ERP systems originate from Material Requirements Planning (MRP) and Manufacturing
Resource Planning (MRP II) systems. They were productized during 70s and 80s and
created a foundation for currently known ERP systems. (Hossain et al. 2002) Moreover,
MRP system was a simple inventory tracking system and allowed manager to plan
production and inventory rotation by using sales forecasts and predictions (Monk &
Wagner 2009).
To answer industry’s growing needs ICT companies started developing ERP systems
(also known as enterprise systems) in the late 80s that would integrate customer and
supplier interfaces to one system. Furthermore, it had one central database and serve
multiple functions such as accounting, distribution, manufacturing, planning, sales,
marketing, financial, human resource management, project management, inventory
management, services, maintenance, logistics and online business. This single central
database was harnessed by various functions and processes. Furthermore, there was
internal integrated logic within the company how processes interact between different
functions. ERP systems integrated basically many different functions and provided more
visibility and consistence through the whole organization. (Hossain et al. 2002)
The basic concept of ERP system is seen from Figure 9. It shows that customer and
supplier are linked together with this central database that communicates through various
functions like sales & distribution or inventory management (Davenport 1998).
Furthermore, Utecht et al. (2004) highlight that ERP systems’ principle is to: give real
time data and enable connections between functions and divisions. In other words,
supporting the information linkage through whole organization. Researchers defined also

28
a ERP II system to highlight the importance of agility, e-business side and efficient
collaboration tools of ERP system (Møller 2005).

Figure 9. ERP system concept (adapted from Davenport 1998).
After client server based ERP systems got bigger and bigger, businesses were confused
about huge number of independencies between different functions so they insisted having
more precise and clear structure. Therefore, new ERP systems needed to have a variation
of modules that companies could buy and implement separately to their specific needs
(Bendoly et al. 2011). The basic concept has been modified during the years to be more
modular and have a full solution for customer. Hossain et al. (2002) list modules of SAP
R/3 ERP system: Financial Accounting, Project Systems, Human Resources, Production
Planning, Investment Management, Controlling, Work Flow, Plant Maintenance,
Materials Management, Enterprise Controlling, Asset Management, Industry Solutions,
Quality Management, Sales & Distribution and Treasure. These modules can be both
separately and customized to customers’ needs.
The latest ERP system area, after module based ERP systems, is service oriented ERP
systems. Moreover, software as a service (SAAS) culture, which has spread on all
business areas including ERP system industry. This change has enabled many third-party
software provides to integrate their products more easily to ERP systems than before.
Furthermore, internet integrated add-ons (web 2.0 / web 3.0) have boosted markets
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especially related to business analytics. Besides, development of mobile technologies has
created a market for mobile solutions to see companywide operations’ status also without
access to desktop clients. (Bendoly et al. 2011)
ERP system was originally designed for business financial management but since that it
has extended to cover almost all business functions (Zhang & Lin 2010). As businesses’
needs for ERP systems grow all the time, they need to be successful also on things like
Customer Relationship Management and Supple Chain Management (Hossain et al.
2002). So-called umbrella of CRM systems, demand management systems and supply
chain management systems is highly connected to ERP systems to provide data for
different requirements from various departments point of view (Bendoly et al. 2011).
Al-Ghofaili & Al-Mashari (2014) emphasize how ERP systems are highly important for
organization but implementation of client-server based system might be impossible since
it could not meet the requirements of agile industries. Cloud based ERP systems are a
way to have complex but agile ERP system.
The three key stakeholders of ERP value-chain are ERP software vendor, ERP
distributor/partner and ERP end-user. Vendors role is commonly just providing the
licenses and the ERP software. Furthermore, then there is a ERP reseller or distributor
who does the consulting and configuring of the ERP system for the end-user specific
needs. These roles are highlighted during ERP system implementation process.
(Johansson & Newman 2010)
2.2.2 ERP system implementation
ERP systems have various benefits and advantages but there might be also some
drawbacks for example during implementation. Implementation process might fail and
take multiple years and huge amounts of money and results may not fulfill the
expectations (Gajic et al. 2014). Moreover, organizations want to effectively achieve their
business objectives they need to use ERP system efficiently and implement it with care
(Vilpola 2008).
Beheshti & Beheshti (2010) emphasize how ERP system is crucial for companies’ success
but implementation of an ERP system is difficult. More than half of the ERP
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implementation projects are unsuccessful. Many of the implementation problems are
connected to know understanding vastness of ERP system adoption and its effects for
business if everything is not planned carefully enough. E. T. Wang et al. (2007) and
Zhong Liu & Seddon (2009) continue that delivering anticipated benefits during ERP
implementation is very hard and around 70 percentage of ERP implantation projects fail
delivering expected benefits. Ram et al. (2013) agree and list over a dozen failed ERP
implementation projects during several recent years.
There are also many studies about how to differentiate successful and unsuccessful ERP
system implementation projects. Wickramasinghe & Gunawardena (2010a) study
identified that system stability, project being completed within time and budget are most
important single factors for evaluating successfulness of ERP system implementation
project performance among some other critical success factors.
As ERP implementation is crucial but difficult and failures might arise there are available
multiple ERP system implementation models (Shanks 2000). Markus & Tanis (2000)
present a popular and simple ERP system implementation model with four stages Figure
10. The model is very simplified by combining many stages that other models have as a
separate phase. For example, the second phase has everything from acquiring the system
till the moment of “up and running” so all the configuring, implementing and deploying
is executed within this phase.

Figure 10. ERP implementation phases (adapted from Markus & Tanis 2000).
A more comprehensive model was proposed by (Mäkipää 2003). It has eight main steps
and two additional ones see Figure 11. The similarity to Markus & Tanis (2000) is clear
and the core idea is that something needs to be done to have ERP system selected, then
there are some configurations and modifications before the ERP system is live. Then
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starts the process towards normal and successful operations. Finally, there is upgrading
and development of the ERP system.

Figure 11. ERP implementation phases (adapted from Mäkipää 2003).
Also Esteves & Pastor (1999) has constructed a similar ERP implementation model that
has six phases: adoption & decision, acquisition, implementation, use & maintenance,
evolution and retirement.
ERP projects fail because there are many angles related to ERP implementation such as
human, processes and IT system which are a hard combination to handle (Yusuf et al.
2004). Wickramasinghe & Gunawardena (2010b) made a case study which pointed out
that people-centered factors such as communication & change, project team competence
and rewards are highly influencing factors for successfulness of ERP system. The
influencing value between the ERP system and the other information technologies from
organizational and business performance point of view must be also understood (Sun &
Bhattacherjee 2011). Moreover, being unsuccessful on user involvement and training are
typical aspects leading to failure of an ERP system implementation among lack of
adequate commitment from top management, business process reengineering (AlMashari et al. 2003, Bradley 2008, El Amrani et al. 2006, Li & Zhao 2006).
Wright & Wright (2002) say that making a risk analysis of ERP implementation is crucial
– identifying the processes and especially focusing on critical processes. So-called
process review is done to understand business requirements and how the system is
configured. Implementation of a new ERP system is a large project and to be successful
it requires understanding of business processes and their relationship to ERP processes
(Beheshti & Beheshti 2010). Moreover, higher maturity of process understanding related
capabilities supports ERP system implementation, as having knowledge of designing and
of innovating the processes enhances the success rate (Schniederjans & Yadav 2013).

32
Therefore, reengineering old processes to a new ERP system is one of the most
challenging matters in ERP system implementation and the first step of it is using process
analysis tool to document and to fully understand how tasks and processes are built.
Furthermore, overcoming the attitude of “we have done it always like this” to concentrate
on actually re-engineering the processes in the most efficient way. Moreover, business
process re-engineering is an important aspect of ERP system implementation and there
should be allocated enough resources. However, BPR does not immediately create
competitive advantages as some people might think but it supports the implementation
phase itself. (Ram et al. 2014) The value of implementing processes correctly and the new
IT system’s ability of supporting organizations’ current processes but also future strategy
(Trkman 2010).
Maguire et al. (2010) state that just over half of the employees found new ERP systems
easy to use. Furthermore, personnel’s tasks change as some of the work might be
automated or tasks require different kind of work procedures. Often, employees do not
cope with this kind of radical changes and it takes time to get back to the track (Vilpola
2008). Overcoming the resistance and employees’ expectations is a very big challenge.
Having a capability to show some tangible benefits like reduced time on administrative
tasks is highly useful and helps on winning hesitant employees to support the new IT
system. Furthermore, one key success factor for ERP system implementation is the
support from top management. Without support and enough resources from top
management is ERP system implementation project almost terminated to fail. (Beheshti
& Beheshti 2010)
While there is a lot of research related to ERP system implementation’s success factors
and what kind of benefits ERP systems create, the most of the research neglect the point
that most of the factors are limited to just implementation phase but should be extended
to the post-implementation time. Moreover, does new ERP system achieve its’ business
goals or does the project fail in long term. (Ram et al. 2013, Ruivo et al. 2014, Staehr et
al. 2012, Y. Zhu et al. 2010). Organizations need to use deployed ERP systems daily, and
as the usage is not smooth the organization will not gain the anticipated benefits (Chou et
al. 2014). Shortly after ERP system’s deployment the organizations performance is
decreased (Hitt & DJ Wu 2002).
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2.2.3 ERP systems and analytics
Competition is currently so global and demanding that companies are under a huge
pressure to increase profitability. During the past years, companies have discovered
efficiency (output/input) and the benefits of improving efficiency. But the situation is
more complicated because in a long term some of those short-term decisions to improve
efficiency might be harmful. Another aspect is effectiveness (capability of producing
wanted outcome) and how does that go hand in hand with customer satisfaction. The
companies’ future intent is to integrate activities and operations with technologies and IT
systems, which have led investing huge amounts of money to ERP systems. (Beheshti &
Beheshti 2010)
However, having an ERP system is not enough and it needs to be supported with
additional applications around the functions that provide new services to the ERP system
users (Figure 12). One important aspect of this application framework are analytics such
as data mining, data warehousing and business intelligence to drive better support for
decision making. (Bendoly et al. 2011)

Figure 12. Application framework of ERP knowledge management (adapted from
Bendoly et al. 2011).
Companies have realized that they have huge amounts of data available from multiple
databases (for example from ERP system’s data base) and they try to harness this data on
operational level. Data warehousing is moving from basic reporting to data analytics and
to even predictive methods. Data mining turns unused fragmented data into performance
data that can help managers’ decision-making by providing intelligence and timely
insights to gain better visibility to current situation. As going towards an agile business
targets and agile ERP systems it is an important perspective is to link business and IT
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systems. To support this linkage, it is highly valuable to understand automation,
architectures, processes and business policies. Furthermore, this supports BPM and
service orientated contexts to create more flexible and efficient operations. (Bendoly et
al. 2011)
Large enterprises have applied BI and data-driven solutions to support company strategies
and to turn unstructured data into effective business results. With BI, companies can go
through the past cases to understand how well they met the customer requirements and
the expectations for price, quality and service. A few most important aspects of BI tools
are data visualization, reporting, help for decision-making and alerts. Strategic decisionmaking should be extremely timely mannered so the future BI solutions should be realtime. (Bendoly et al. 2011) Business processes and underlying data are the core of
enterprise solutions. How businesses response to business events and how that interaction
continues. Moreover, businesses need to be capable of seeing events right as they happen
but as well the events that has occurred in the past. (Griffin 2004)

2.3 Business and process intelligence
This chapter first introduces the business intelligence and data mining areas. Then the
process mining, process intelligence and influence analysis topics are reviewed.
Today, knowledge is not just power but it is something vital and required. Knowledge
thrives directly from data, so it is not an asset anymore to have data available but it is a
disadvantage to not to have it (Sherman 2015). Collecting data have become a basic action
in the competitive world as companies try continuously to improve their processes which
is shown on a case study of analytics on businesses by Davenport (2006). Data is stored
within IT systems such as ERP system and CRM system (Pérez & Møller 2007). The list
of systems can be extended with systems related to work flow management, supply chain
management and product data management (De Medeiros et al. 2007b).
Organizations have been collecting all kind data so active that data amounts have already
increased to so large extent that a term “big data” has been introduced to describe very
large and complex data sets (Mayer-Schönberger & Cukier 2013). 90% of the present
data has been created within the last two years (Sherman 2015). Moreover, organizations
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on all industries try to exploit big data to create competitive advantages. As the data
volumes are so large that manual analyzation is not possible, are all kind of software
algorithms and solutions becoming increasingly popular in data analytics and data
intelligence (Provost & Fawcett 2013). Having data just lying in data warehouses does
not help at all but raw data needs to be transformed into knowledge and something useful
for example to support decision making (Sherman 2015). However, only small amount
of data within the enterprises is used effectively (Bendoly et al. 2011).
Moreover, the interest towards process related data analytics is increasing. As it was
discussed on the BPM chapter, any business process rework should be started with an
analysis to existing systems. Moreover, there is strong evidence that business
performance can be improved by data driven decision making and big data technologies
(Provost & Fawcett 2013). Making analysis of the existing systems is a lot of work,
especially by traditional methods as workshop discussions. Therefore, it is natural that
the interest towards automated systems doing that analysis, like process mining, is quickly
growing in the future (Măruşter et al. 2006).
As the business changes are very rapid, the business analytics are strategically vital to be
able to create more added value in the future. Business analytics is making data driven
decisions using huge amounts of data that is commonly noisy and low quality so the
profession comes clearly in the picture while doing the conclusions over the data.
(Laursen & Thorlund 2017)
2.3.1 Business intelligence
Organizations adapt BI tools and methods to forecast the future but also to learn and to
understand from the past (Marjanovic 2007). Term BI was defined by Howard Dresner
during late 80s to address increasing needs of decision-support domain including
executive information, online analytical processing, predictive analysis among the other
applications related to decision making (Watson & Wixom 2007). “Business intelligence
(BI) is a business management term used to describe applications and technologies which
are used to gather, provide access to and analyze data and information about an enterprise,
to help them make better informed business decisions.” (Nicholls 2006, White 2006)
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BI is already an old concept and people are familiar that BI delivers typically a
presentation of information. However, this is just a small partition of BI capabilities as
companies have so huge data amounts. BI technologies have a classic data warehousing
technologies such as ad-hoc inquires and reporting. Advanced level BI technologies
include data-mining, predictive analysis, online services and progressive data
visualization. Chen et al. (2012) highlight that business intelligence and analytics are in
a transition towards more advanced solutions where e-commerce, market intelligence,
healthcare and security industrial have high requirements for BI. (Bendoly et al. 2011)
BI has two main parts: extracting the data from a source system into a data warehouse
and then taking the data out from the warehouse to support decision making (Watson &
Wixom 2007). BI has also two main data sources: semi structured data (emails, photos
etc.) and structured data (ERP & CRM system’s data). Structured data goes through
typical extract, transform, load (ETL) process on the contrary to semi structured data
which is hard to process because the data must be first collected. (Bendoly et al. 2011,
Negash 2004)
ETL process is an old IT term that is related to manipulating data formats and data itself.
BI uses ETL because data is commonly collected from various IT systems. The data
structures of different IT systems are so diversified, and might have fields with low data
quality, so the data must be manipulated before it can be further analyzed or exploited. In
extract phase, the specified data fields are just extracted from all the connected systems.
The needs of frequently updating the data warehouse to provide valid information for
decision making must be considered. Then the extracted data is transformed into a design
form that the data warehouse uses and finally data loaded to actual data analytics system.
During the transformation phase the data is also cleaned for spelling mistakes, tuples or
for some other data quality issues. (Vassiliadis 2009)
The current BI environment can be seen from Figure 13. Marjanovic (2007) continues
that BI solutions have a very limited view on business processes. There are so much
capabilities by harnessing process view and BI to understand highly structured
transactional business processes.
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Figure 13. Basic BI environment structure (adapted from Sherman 2015).
2.3.2 Data mining
Computers and IT systems logs create huge amounts of data which has highly important
information about normal and abnormal operations in the organizations (X. Z. Wang
1999). Data is seldom originally produced for data mining or analysis purposes but it is a
byproduct (Fayyad et al. 1996). This information can be harnessed with data mining and
knowledge discovery solutions to identify opportunities for improving operations but also
to reveal causes for the poor efficiency. (X. Z. Wang 1999)
Monk & Wagner (2009) emphasize that data mining is looking for patterns that support
decision making. This is done through various statistical and logical analysis methods
that can be applied on large data volumes to expose data patterns. Data mining can help
organizations’ decision making from different perspectives and business levels like on
strategic level or operational level. X. Z. Wang (1999) continues that typical basic data
mining functions are:
Pattern discovery: Grouping data records into data clusters and finding similarities from
these data clusters.
Trend and deviation analysis: Finding trends and statistically valuable deviations from
data.
Link and dependency analysis: Finding links and dependencies between data records
and performance metrics. Explaining the process behavior and causes.
Summarizing: Giving easy to read summary of a large data set. Visualizing is often used
to make summary
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Sequence analysis: Analyzing aspects that have sequences such as batch production and
moreover seeing the dependences between the sequences.
Regression: Predicting some future events based on history data records.
Fayyad et al. (1996) agree with the data mining functions listed above but use class
clustering instead of pattern discovery and add classification which is separating data set
into smaller subsets.
ERP vendors are shifting towards providing their customers wider package of
applications such as CRM and data mining solutions. Extending ERP system creates
added value for the ERP system customers in a form of harnessing the current ERP data
in a more effective way. For example, sales function would receive the knowledge of
which are the most profitable customers from the whole business point of view. (Monk
& Wagner 2009)
“Knowledge discovery in databases is the non-trivial process of identifying valid, novel,
potentially useful and ultimately understandable patterns in data”. Furthermore, data is
set of facts / cases in data and pattern is describing subset of data that is distensible with
a phrase. (Fayyad et al. 1996)
Fayyad et al. (1996) define six basic knowledge discovery phases (Figure 14). Data is
obviously an initial requirement. Next there is a selection of data to scope the data set in
a such way that meaningful data is being further processed. Then after doing some
preprocessing and data transformations like removing blanks, correcting fields and
executing data conversions the data is on a transformed data state and the actual data
mining can be started. The data mining is about doing findings like patterns and trends of
the data that would be almost impossible without data mining methods because of the
large extent of data or complexity of variabilities in the data. The final phase after having
the trends and patterns discovered is the interpretation of the results. This is very
important steps as the findings must be validated and the causality being checked so that
the knowledge retrieved from the data mining results is not miss leading. (Fayyad et al.
1996)
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Figure 14. Data discovery phases (adapted from Fayyad et al. 1996).
2.3.3 Process mining and process intelligence
Business process intelligence is related to set of integrated tools of analysis, prediction,
monitoring, control and optimization that support business processes by harnessing the
power of data mining and statistical analysis (Grigori et al. 2004). Moreover, process
mining can be defined as a BPI tool (Rozinat et al. 2007, Van der Aalst & Weijters 2004).
Pérez & Møller (2007) highlight the ability of making predictions for future business
when the competition is even tougher than right now.
Wil van der Aalst from Department of Mathematics and Computer Science of the
Eindhoven University of Technology is one of the founding figures of process mining.
He has made dozens of publications and two large collective books of process mining.
Van der Aalst & Weijters (2004) state that every vendor wants to take their share of
growing IT intelligence market which can be seen active usage of buzzwords such as
BPM, BPA (business process analysis), BAM (business activity monitoring) and BI
(business intelligence). Moreover, process mining can be seen a solution to claim some
of the results of the buzz. Process mining is young research area and it has dependencies
to process modelling and process analysis but also to machine learning and to data mining
(Van der Aalst 2011, Van der Aalst et al. 2012).
Target of process mining is to use information from systems like ERP and CRM to
improve the concerned business area and business processes (Pérez & Møller 2007, Van
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der Aalst et al. 2004, Van der Aalst 2011, Van der Aalst et al. 2012). Process mining
extracts non-trivial and useful data from IS system’s logs. In addition, this is often done
to visualize automatically a business process model from event logs (De Medeiros et al.
2007b, Van der Aalst & Weijters 2004). Ingvaldsen & Gulla (2007) add that one of the
key advantages of process mining is the ability to see gaps between the way systems are
designed to be used and the way they are actually being used. So, the misusages, and
employees who do not follow a process (if there is one), pop up very clearly from the
cases that follow the process. This can be also very useful on business process redesign
and optimization (Goedertier et al. 2007, Van der Aalst et al. 2004). Moreover, process
mining help optimization from various perspectives such as control flow, data, flow,
performance figures and organizational structures (Rozinat et al. 2007).
De Medeiros et al. (2007a) introduce the basic concept of process mining which can be
seen below from Figure 15. Information systems store the data and logs which are
extracted by process mining to be able to construct a process model which can be
compared with reality / operational processes.

Figure 15. A core idea of process mining from a process point of view (adapted from
De Medeiros et al. 2007a).
Figure 15 describes process mining model as a loop. Process mining has long term and
continuous development aspects as monitoring is an important part on retaining the
obtained results on process development so achieved results will not be lost after
development project. (Dumas et al. 2013, Teinemaa et al. 2016) Process mining highlights
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also causal relations between activities. Moreover, there are a few challenges that process
mining creates: which processes can be discovered, how much information is needed for
valid model and handling noisy data. (Van der Aalst & Weijters 2004)
The three main types of process mining are: Process Discovery, Conformance and
Enhancement/Extension which is visualized in Figure 16 (Van der Aalst et al. 2010, Van
der Aalst 2011). These topics are also discussed during the following sub chapters.

Figure 16. Lifecycle of process mining (adapted from Van der Aalst 2011).
Discovery
Process discovery is focused on describing the behavior of processes in a form of a
process model. Moreover, process mining is gaining insight related to behavior of
operational systems. The input needed for process discovery is transactional data and
event log. (van Dongen et al. 2016). Process discovery is part of unsupervised learning
research area as it is an automated creation of the process from event logs (De Koninck
& De Weerdt 2016).
Discovery is a phase where initial model is constructed based on low-level events (Van
der Aalst et al. 2010). This discovery is done with a help of algorithms and ruled
calculations. Algorithms reflect the behavior that has been observed from the information
log files and turn it in to specified language process model. There are available various
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discovery algorithms and they might end up with different kind of process model (see
Figure 17). (Rozinat et al. 2007)

Figure 17. Various results using different process discovery algorithms based on the
same log file (adapted from Rozinat et al. 2007).
Generally, data is first cleaned by correcting typos, misspellings etc. and some null values
are added to have valid data for process mining. Next data is appending into table that has
one row for each process instance/case and columns store the addition information of the
case. (Grigori et al. 2004)
Conformance checking is highly important. It needs to be done already in discovery phase
besides of actual conformance phase. One typical area is checking does cases match to
each other in 1:1 way or m:n way. So, whether there is a single case with every other
event or can there be multiple ones for one case. For example, often one sales order has
multiple sales lines. (Baier et al. 2014)
Conformance
Even there is a lot of data available it’s quality is often quite low and it cannot be
immediately trusted. Raw event recordings are noisy, incomplete or there are present
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many kinds of errors. There for conformance checking is highly important aspects of
process mining. (Rogge-Solti et al. 2016)
Conformance is process mining phase where a process model is already available. Now
the process model is compared with log recordings, how well does the model fit to data
and vice versa how well data fits to model. In other words, the conformance is checked
both ways. (Van der Aalst et al. 2010) Furthermore, while doing process mining (or any
analytics) it is highly important to consider the accuracy of made model or analysis
compared to reality. Moreover, how to interpret the results of discovery. (Van Dongen et
al. 2016)
There are two main conformance categories: fitness and appropriateness. Fitness tells the
extent to which logs can be matched with valid process model execution paths.
Appropriateness is the accuracy in which process model matches to observer process
behavior together with a degree of clarity model presents the data. (Rozinat & Van der
Aalst, Wil MP 2008)
Enhancement
Van der Aalst et al. (2010) define that the third type of process mining is
Enchancement/Extension and its goal is to extend the process model with performance
data or otherwise improve the existing model. This improvement might be also a repair
to make the model reflect the designed model better (Van der Aalst 2016). This extension
can be some patterns that have been detected from the data. There is a study of decision
trees and how business decisions can be retrieved from process models and influencing
matters of process model. (Rozinat & Van der Aalst 2006)
2.3.4 Influence analysis – process mining based analysis
Businesses struggle to identify the actual root causes for business problems so the
development resources are not used in an effective manner nor the right challenges are
corrected. This leads to increased costs as only small benefits are received from
development investments and more investments are needed. Besides, it leads to
decreasing/stagnant sales because the bottlenecks are not removed and organization
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cannot create more sales. Finally, it might lead to regulatory challenges since same issues
stay around and are not solved. (Lehto et al. 2016)
To help companies overcome these challenges Lehto et al. (2016) suggest using process
mining based analysis. In short, it means doing process mining and then applying
advanced analysis methods like influence analysis over the discoveries to identify the real
root causes.
Influence analysis methodology was introduced to present to business oriented people
what are the pain points and biggest contributors for inefficiencies in the process. In short,
influence analysis rates and prioritizes all the attributes in the data to find data
dependencies that correlate with unwanted process behavior. Moreover, it wraps the
findings and calculations to a one final percentage value representing concerned
attributes’ contribution to selected process behavior. In other words, influence analysis
produces a list of attributes where the problematic attributes (best areas for improvement)
and the best-case examples (best area for finding good policies) are sorted on a vertical
axis. (Lehto et al. 2016)
While applying, process mining based analysis, it is important to understand the
difference between causality and correlation. Moreover, qualitative analysis must be used
to guarantee the correct verdicts from the analysis. (Outmazgin & Soffer 2016) Often data
approach plays an important role while doing business process decisions. Therefore, as
any business intelligence method also process mining and business process intelligence,
require profession and attention while doing analysis and interpretations over the data to
make valid decisions. (Grigori et al. 2004)

2.4 Synthesis
The literature review of this research covers the three main topics which are business
process management, enterprise resource planning systems and business & process
intelligence. The literature supports the objectives of this research and shows that there is
a need for understanding the business environment around the BPM, the ERP systems
and process mining areas. Furthermore, the highly important matter is how these topics
interact with each other, Figure 18.
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Figure 18. The revised relationships of the literature review topics.
There are a couple sub areas on BPM and ERP chapters which are not deeply discussed
on the case study but they are required to be described on the literature review to create a
foundation for process mining. BPM context has a long history but it is still valid and
active research area. Furthermore, it is also how organizations run and structure their
operations (Gerth 2013). Business processes are also of the core methods to increase
organizations’ efficiency and effectiveness (Rogge-Solti et al. 2016). Moreover, process
structure tells how organizations deliver value (Davenport 1993, Hammer 1994).
To increase efficiency, Fahland & Völzer (2016) notify that unclear process models and
unwanted process variations are the most common challenges. Agile organizations take
new technologies to tackle business process challenges and improve processes (Beheshti
& Beheshti 2010). Data is obviously needed to make data driven process development
but as Xu (2015) states, there is a lot of data available, because ERP systems have become
a basic need for all kind of organizations. In fact, there are so much of data available that
it is not used any more efficiently and term big data have aroused to give perspective for
the huge data masses (Mayer-Schönberger & Cukier 2013).
It is highly important to turn the data into knowledge (Sherman 2015). BI have been
around for decades to give support to decision making (Watson & Wixom 2007).
However, BI is a vast term and as Bendoly et al. (2011) list data-mining, predictive
analysis, online services and progressive data visualization are part of the advanced level
BI technologies. Moreover, the interest towards process driven data analytics has
increased (Provost & Fawcett 2013).
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Process mining is a data mining method from a process perspective. As Van der Aalst
states in his multiple articles and books, process mining is an effective way to extract
transactional data out of IT-systems’ (ERP, CMR etc.) and turn this unused data into
process models and process insights. These transaction intensive processes are described
also by Hull and Nezhad (2016) as they identify two main categories of business
processes. Transaction intensive processes are often highly volume. This makes them
very interesting from process mining or process automating point of view. (Monk &
Wagner 2009)
The process models that process mining produce are highly important from a BPM point
of view as defining process models is vital for successful business and there are many
ways to do process modelling, for example by process mapping at workshops (Monk &
Wagner 2009). However, end-to-end processes can be hard to identify because not many
persons in the organization can see the whole process instead of just departmental views
(Page 2015). Furthermore, Laamanen (2001) states how time consuming and resource
taking the process improvement is on a general level. The natural need for process
development and analysis is why organizations have increasing interest towards
technologies like process mining (Măruşter et al. 2006).
After understanding the process model, one of the key challenges is to identify and to
select the correct focus for process development (Davenport 1993, Laamanen 2001).
Same time process mining helps organizations to locate bottlenecks and create more
visibility to as-is processes and therefor provide a data driven way to focus investments
to right process area (Lehto et al. 2016). Furthermore, BPM cycle by Dumas et al. (2013)
shows the deep connection between BPM and process mining (Figure 3).
Davenport (1993) continues that in complex organizations, the existing processes need to
be studied and understood thoroughly before doing process improvements. The same
applies for large IT system implementations which are highly popular topic within the
ERP system related research. ERP system implementations are popular topic because
quite a many of them fail and the implementation process can be several years long and
very expensive (Gajic et al. 2014). ERP projects fail for numerous reasons but Yusuf et
al. (2004) list a few perspectives such as human, process and IT system. From a human
point of view the IT system changes and humans need to coup with totally new kind of

47
system and learn how to use the new IT system is a slow process. From a process point
of view processes are often re-engineered to fit to the new IT system so there are often
gaps in the logic as the changes are radical. Finally, IT system perspective is linked to
possibility that some issues arouse because of the IT system itself. Some reasons for
failure are also: lack of top management support, ERP system selection, business process
re-engineering, user involvement and training are mentioned (Umble et al. 2003, El
Amrani 2006, Li et al. 2006).
However, during the research process there was not found any material directly linking
process mining to ERP implementation or supporting it. Maguire et al. (2010) say that
just over half of the employees found new ERP system easy to easy in their study.
Moreover, Vilpola (2008) identifies that employees do not cope with radical changes
well. As process mining provides extra visibility to processes and operations, it could
significantly help the employees during the implementation process. Furthermore, Ram
et al. (2013) and Y. Zhu et al. (2010) highlight that most of the research related to the
ERP system implementations, do not take post-implementation phase into account at all,
even this period defines, whether the ERP system project is successful or not.
Other challenges on business process development are resistance, not willing to improve,
measurement and process compliance follow-up (Laamanen 2001). Another huge and
demanding challenge for organizations is compliance checking of processes (Liu et al.
2007). Finally, the use cases of process models are spreading and the variety of persons
being in charge of process modeling increases (pure business oriented persons) so the
quality of process models is volatile (Becker et al. 2000).
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3 RESEARCH METHODS
The research is conducted as a qualitative case study and the research data is composed
based on literature and case study with semi-structured interviews. The core goal of
research is to find out what kind of benefits process mining based analysis brings to an
organization using ERP system. Case study research method is selected because as
Eisenhardt (1989) and Eriksson & Kovalainen (2008) define, it is a method which
concentrates on understanding the dynamics happening in a singular event or an occasion.
So, it gives an opportunity to understand the situation more deeper and especially when
the results might not be easy to measure (Bryman & Bell 2015).
Case study can be also either qualitative, quantitative or a combination (Yin 2013). The
qualitative method was selected because of the trickiness of measuring benefits and also
as Metsämuuronen et al. (2011) and Saunders et al. (2016) say that qualitative research
emphases the goal of understanding the subject instead of just measuring it and open
discussions or semi-structured interviews are usual data collection methods.
QPR ProcessAnalyzer (QPR Software’s software product), is being used in this research
to produce process mining end customer benefits. To ensure reliability of the research a
combination of multiple settings was selected. This is valid as a case study can involve
multiple settings and cases (Yin 2013). So besides of having interviews within QPR
Software personnel there are interviews with QPR Software’s customers during the
research process.
After selecting the research method framework, the construction of the theoretical
framework started. Quickly after familiarizing with process mining theory it became clear
that three large theory backgrounds are related to the topic; BPM, ERP systems and
business intelligence. Business process management’s role is to give context and setting
for overall business process development and using a tool such as QPR ProcessAnalyzer.
QPR ProcessAnalyzer cannot be used if there is no applicable data available to be
analyzed. Therefore, ERP systems act as a vital source of data. Finally, business
intelligence/process mining context, is responsible of providing the analytical work to
make the findings from ERP data to improve business processes.
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After relevant theoretical background was structured, the case study framework was
created (Figure 19). Naturally it is linked to business processes, ERP system and process
mining while giving high emphasize to process mining as it is the core part of this
research. Because the context of process mining was not clear on literature side, process
mining context is discussed as an individual part to better identify positioning of process
mining.

Figure 19. The framework of the case study.
The case study interviews are supported with semi-structured questions while giving a
possibility for open discussion. Because the case study has both QPR Software internal
and external customer interviews there was a need to design questionnaires to meet the
requirements of the both audiences. The both questionnaires have the same structure and
goal but the wordings are different since Appendix 1 is for QPR internal interviews and
for the projects that has been executed for external customers. Appendix 2 is designed for
external customer interviews and the perspective is interviewees’ own organization.
Moreover, there are total of 22 open questions for matching four framework areas
(Business process management, ERP systems, Process mining and Process mining
context).
During the interview phase of this research there were interviews with eight QPR
Software’s employees and two QPR Software’s customers. Yin (2009) notifies how
persons and groups confidentiality and privacy must be protected. Moreover, the nature
of research must be informed before interview. Before starting the interview process the
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possible candidates for interviews were contacted and their interest and willingness to
support research work was checked. QPR Software employees allow the use of their titles
within this research. Due to confidentiality reasons QPR Software’s customers are called
company X and company Y. Company X is a personnel service company employing
+1000 persons. Company Y is a multi-industry company that has +1000 employees.
Interview for customer X representative (project manager) was done via Skype (web
cameras turned on for a more intimate conversation) on 14th of February 2017. The scope
was to identify what does a customer, who just purchased a process mining project from
QPR Software, think about project goals. Furthermore, what are they looking for from
the project and what are the key benefits they hope to receive from project.
First interview for customer Y’s representative (project manager) was done personally at
QPR Software premises on 8th of March 2017. Y purchased QPR ProcessAnalyzer
already a year ago and knows QPR ProcessAnalyzer as a product well. During the spring,
they have launched a project aiming to take process mining solution into continuous use.
Target of this interview is to understand what kind benefits they would like to see.
Furthermore, there was another interview with different Y’s representative (development
manager) at customer premises 27th of April 2017. The target of second interview was to
have another view for company Y’s operations and further discuss some data processing
areas and process mining benefit realization.
All QPR Software employee’s interview were executed in a face-to-face manner at QPR
Software’s office. There was always a reserved space for interview so the discussion was
private. The same framework was used with QPR Software employees as with the
customers. However, the perspective was slightly different as QPR internal interviews
were from an end customer perspective and on actual customer interviews the perspective
were their own organization.
All the case study interviews are listed in Table 2. All the interviews had a short
introduction to the main literature areas (business process management, enterprise
resource planning systems and business intelligence). The questionnaires were not given
for the interviewees before or during the interview because the questionnaire worked just
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as a guiding structure for the researcher. The interviews lasted from half an hour to full
hour.
Ordinal
number
1.

Organization

Role

Date of the interview

Company X

Project manager

14th of February, 2017

2.

Company Y

Project manager

8th of March, 2017

3.

Company Y

Development manager

27th of April, 2017

4.

QPR Software

Process mining consultant

23rd of May, 2017

5.

QPR Software

Process mining consultant

23rd of May, 2017

6.

QPR Software

23rd of May, 2017

8.

QPR Software

Process mining consultant
Senior process mining
consultant
Vice president

9.

QPR Software

Director

1st of June, 2017

10.

QPR Software

Senior vice president

1st of June, 2017

7.

11.

QPR Software

QPR Software
Product owner
Table 2. The case study interviews.

24th of May, 2017
26th of May, 2017

21st of June, 2017

The researcher made constantly notes during the interviews to be able to record
interviewees responses into objective and valuable research material. Interviews were
also recorded and written out to text. Finally, the summaries of the interviews were
discussed with the respondent to ensure right conclusions and results. Furthermore,
Chapter 4.4 Internal interviews and Chapter 4.5 External interviews introduce the
shortened version of the research material as is. Then Chapter 5 Discussion provides a
comparison to the literature findings and researchers’ own thoughts.
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4 CASE STUDY: QPR PROCESSANALYZER
This chapter will introduce the case study of process mining benefits for ERP users. The
case company is presented first, then a process mining product QPR ProcessAnalyzer,
some key concepts related to process mining and finally QPR internal & external
interviews without researchers’ thoughts.
To understand what kind of results process mining produces it is necessary to review
process mining software QPR ProcessAnalyzer which is used in the case study.
Furthermore, QPR ProcessAnalyzer’s functions are discussed to understand whether it
matches to the process mining mindset that is described in the literature review.
The core target of this case study is to provide a foundation answer to the third research
question. In addition, the goal is to identify how QPR Software sees process mining core
benefits and how it might differ from customers’ perspective.

4.1 QPR Software Plc
QPR Software is a publicly listed stock (Nasdaq Helsinki - QPR1V) company that was
founded on the year 1991 and it has a main office in Helsinki, Finland. QPR Software has
another office in Oulu, Finland, where customer care team and one software development
team are located. Company has about 70 employees and its revenue is around 8.5 million
euro from sales to over 50 countries. QPR Software has 26 years of experience of business
process related software with over 2000 customers and million software licenses sold.
(QPR Software plc. 2017)
QPR Software is focused on developing process and enterprise architecture related
software products and consultation services. The four main products are QPR
ProcessAnalyzer, QPR EnterpriseArchitect, QPR ProcessDesigner and QPR Metrics.
QPR Software offers also BOS (Business Operating System) solution which is an agile
future of operating systems (Kerremans & Robertson 2016). It combines the strategy,
business models, execution, performance metrics, operational situation and business
decisions.
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QPR Software has executed more than 200 process mining projects and therefor QPR
ProcessAnalyzer has shown its capabilities on the real industry customer cases. The
customer industries vary all the way from accounting to energy and utilities and
manufacturing. Some public references are Caverion, Lassila & Tikanoja, Kemira, Metsä
Board, Ruukki and Vaisala.

4.2 QPR ProcessAnalyzer
QPR ProcessAnalyzer is a patented process mining software product that was launched
during the year 2011 (development since 2009) and it has received updates on a frequent
basis (the latest version 2017.6). From a terminology point of view, process mining and
automated business process discovery (ABPD) are used side by side on QPR Software’s
solutions.
The core idea of QPR ProcessAnalyzer is to offer customers a product that uses process
mining methodology to help companies to analyze and to develop their processes by
automatically visualizing and analyzing large data sets. Data sets are commonly from
ERP systems or other large IT systems. The required fields for process mining are a
unique case ID, a process step that occurred for some unique case ID and finally a time
stamp when the process step occurred. Moreover, process mining shows resources over
time, visualizes flows and events, shows congestion and bottlenecks and provides
opportunity for drill-down to a single case level in the data. Generally, process
development and improvement are the most beneficial on the end-to-end process level.
Then the bottlenecks are seen on a high level and a more detailed analyzes can be done
to understand what is causing the bottlenecks.
Besides general process mining possibilities, QPR ProcessAnalyzer offers multiple
analysis types to find root causes behind business process findings. One of the best tools
is influence analysis which is described in the literature review. Influence analysis looks
for trends and dependencies from the data to give user immediately root causes for the
observed business process behavior.
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As described in the literature review, the foundation of process mining is the process
flowchart. QPR ProcessAnalyzer’s flowchart can be seen on Figure 20. Moreover,
process and data mining often provide many kinds of analysis methods drilling down to
the data. QPR ProcessAnalyzer offers the following analysis types: duration, profiling,
path, case, variation, event, event types, flows and influence analysis. Besides analysis
tools there are many filtering tools providing help for categorizing and identifying exact
cases or events from the data. Moreover, filtering tools give an opportunity to easily
include or exclude any categories or attributes to narrow down the number of cases or
events. (QPR ProcessAnalyzer training material “How the product works”)

Figure 20. QPR ProcessAnalyzer flowchart view.
QPR ProcessAnalyzer connectors
As described on the literature part, various information systems such as ERP and CRM
provide data. Formatting, gathering and extracting the data for process mining is not as
trivial as it first sounds (Van der Aalst & Weijters 2004, Van der Aalst et al. 2010). QPR
Software has created solutions for all major ERP and CRM systems to meet customer
needs as specifically as possible and make ETL-part of the project easy. The connectors
absorb semi-automatically all the standard tables and columns that are required for
process mining. This downloading happens in a read-only way so the data on customers’
information systems is not modified during the extraction.
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QPR Happy Process -concept
As discussed on the literature review, effectiveness and efficiency are highly important
goals for BPI (Page 2015). QPR Software has constructed Happy Process concept for
process mining to measure process mining benefits and to do process improvement
follow-up based on measurable KPIs. Happy Process differentiates external (Happy
Customer) and internal (Happy Flow) sides of the process and calls the combination as
Happy Process (Figure 21). Effectiveness is what QPR Software identifies by Happy
Customer - “Does the process produce the desired results and meet the customers’
needs?”. Moreover, Page (2015)’s efficiency links with QPR Software’s Happy Flow
which means “Does the process minimize the usage of resources and eliminate
bureaucracy?”.

Figure 21. QPR Process BI concept.
The external side of the process is what customers see. For example, late deliveries or
even too early deliveries represent bad delivery accuracy. The customer sees bad delivery
accuracy which leads to them being not satisfied and customer promise becoming not
fulfilled. All the cases that fulfill the customer promise are measures as Happy Customer
cases and they are observed through Happy Customer KPI.
On the other hand, the same process can be seen from the internal side as well. For
example, how much extra work or repetitive work is needed to fulfill the customer
promise. If the internal process is so-called “first time right”, there was no need for editing
sales orders multiple times or executing some other non-value adding tasks, is the case
called Happy Flow case. Furthermore, the combination of case having the both Happy
Customer and Happy Flow metrics, the case is called Happy Process. So, in Happy
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Process the order is perfect - the organization used as less resources as possible to fulfill
the customer promise and rework was minimized.
To qualify every case in the data set to be either happy or not happy there needs to be
rules, for what basis the qualifications are done. These rules are often discussed with QPR
Software’s customers to create feasible criteria and therefore an important new process
KPI for the organization to follow-up and to see the state of the operations from one KPI.

4.3 Internal interviews
The interviews with QPR Software employees are collected here under the four
questionnaire and interview main topics (Business processes, ERP systems, Process
mining and Process mining context). While referencing to interviewees a shortening of
“I” for “interviewee” is being used. For example, “interviewee 7” is shortened as I7.
Business process management
The consistent message during the business process management discussion is that
processes are vital for organizations and understanding them is required to do any kind
of development or process improvement. In addition, there are of course differences
between industries that do they see the problem in; processes, products, humans or
systems. I10 emphasizes that it must be understood that the processes are glue that binds
all different aspects and attributes together. Some organizations see processes as
something expensive and restricting but they should learn that business processes are the
connection between various attributes and build the ability to run profitable business. I8
adds that organizations need to see business process improvement as a vital aspect for
future growth and furthermore to even profitable and survive in tough global competition.
Interviewees’ opinions about how well organizations have defined their processes vary.
The general opinion is that the larger organizations have allocated more resources for
BPM. I4 notifies that large organizations spend a great number of resources on defining
the processes but still there are issues in them, mostly communicating the defined
processes and justifying them for the rest of the organization. I11 presents that business
process modeling divides opinions and process mapping is not simple as there are
different levels of visualizing processes. This is often because people from different
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functions have a various perspective what is the most important matter regarding to the
whole process. Furthermore, development people are interested in modeling processes
whereas business people follow operations and actual data. Besides, volumes and lead
times of processes are not presented on typical process flowcharts however this
information is basic on process mining flowcharts.
QPR Software has more than 25 years of experience in modeling and mapping business
processes & enterprise architectures. QPR Software’s employees see this as an asset as
most of the process mining competitors do not have the matching experience in BPM
context. Therefore, QPR Software can support the customer also on making the
improvement findings from the process flowcharts as consultants understand underlying
concepts around the business process development area. However, I4, I5 and I6 highlight
that the actual business process improvement and further development is often left for
customers’ organization and the core part is to identify challenges within business
processes.
I8 and I9 notify that business process development results are difficult to maintain and
preserve without active and continuous attitude and context. As time passes people
change and organization automatically looks for alternative ways to reapply business
processes and by-pass them. I9 points out that especially during quick growth season the
processes get out of shape and when the growth stabilizes the processes are improved and
developed.
I4 says that most of the organizations know at least on a high level what are the
bottlenecks but do not know the root causes for them. I10 adds that clear process
bottlenecks that can be identified and removed. Removing direct bottlenecks becomes
harder all the time, because organizations have done already a lot of process streamlining
and cost cutting to match operations to tough global competition. Today, the bottlenecks
are not stationary “X process step is capable of doing 90 units a day where as other process
steps can do 100 units a day” which would mean that improving X process step would
improve the whole throughput of the process. So, bottlenecks are dynamic and can move
to different locations and are hard to locate.
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Interviewed persons list also many other business challenges, for example: focusing
investments, investment prioritization, identifying bottlenecks, data driven decision
making, visibility to processes, process mapping taking a lot of resources, reporting
generally, how to define to-be process, how as-is processes are, communication between
organization levels, finding validation for something, internal arguing of processes,
business vs IT language and nurturing of business process improvement results.
I7 explains that sometimes the quick rise of IT opportunities leaves the traditional
organizations so far behind from the latest IT capabilities that the direct transition from
the current IT system and framework for a new agile operation model which supports
cloud environments and business needs, is actually too much by one step. Therefore, they
have been identified a need to create a layer between the wanted and the current state
which enables organization to build first a working business model and then reengineering processes with a help of this middle layer. Process mining has been
supporting business models changes by providing more visibility for the current state and
the work needed to be done before the new process improvements.
I10 analyzes that organizations always have personnel who makes assumptions and
conclusions based on some hunches and predictions of the operations. As these hunches
are said loud enough many times they become facts and something real. While years pass
by and organization changes, the new employees might not have any clue about why
something is done is some certain way but it just always has been done like this.
Moreover, people might be hesitant to change this because of being worried of destroying
something.
I5 agrees with the concept that minority of variations cause actually most of the business
problems, so the 80/20 -model (80% of the resources are spend to 20% of the variations)
seems to be correct. This is often seen also on customer cases.
ERP systems
I5 lists that customers have all kinds of ERP systems such as SAP, M3, IFS, Microsoft
Dynamics family, Oracle, Epicor or even a fully in-house built IT-system. Often these
ERP systems are extended with financial software such as Basware or CRM systems like
Salesforce. Also, the log files and timestamps for process events are easily available.
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A founding question related to business processes and ERP systems is which one of these
is first defined and which one is just made to support the other, I7 emphasizes. Today
agile ERP systems support very well different business processes but most of the legacy
systems required that organizations’ business processes were modified to fit the ERP
system work flow and IT structure. This created unnecessary process steps and procedures
that were not needed by the business. I10 notifies that organizations have taken ERP
systems into usage because it supports business but then as a side track ERP system
produces huge amount of data which gives an access to visualize the business by process
mining tools.
There are differences in how easy it is to apply process mining on a certain IT systems as
I5 mentions. For example, SAP has a limited view to data but after dozens of SAP projects
QPR Software has a SAP connector that works efficiently and extracts all the needed
tables for the typical end-to-end processes. On the other hand, some custom-made ITsystems might sound difficult to drill in but they often have very clear structure and just
the features that customer is using so the data extraction is very easy. I7 points out that
SAP R3 is an old ERP system and user interface does not meet the latest requirements
and the level of process automation is low, however from the data point of view it is an
effective and suitable platform for process mining.
I6 lists that customers have many challenges with ERP systems, for example data quality
issues (customers are using wrong data fields or data fields in a totally wrong way), large
ERP deployment projects or business process that have been designed to fit the ERP
system but not to the business itself. In these cases, QPR ProcessAnalyzer has been very
valuable for customers. Interview 9 emphasizes that it is very common that processes are
designed to fit the ERP system and not as it should be, the other way around.
Customer cases where process mining has been used to support ERP deployment are
highlighted by I8. Within these cases, the deployment time has been significantly reduced
because of QPR ProcessAnalyzer being able to provide process insights and information
about the data structures. Databases of some ERP systems are quite closed and visibility
to data is very limited. Therefore, even presenting the actual transactional data becomes
valuable. Furthermore, master data quality is eternal issue with all kind of reporting.
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Besides, the number of ERP implementations is not going down, actually it might rise
with the upcoming cloud ERP solutions.
I9 points out that especially on telecommunication area ERP systems are often custom
made for the industry and the integrations to finance are quite loose. The bottlenecks
between these layers are well known but it is difficult or impossible to directly switch
from the current process situation to the perfect to-be world. Therefore, there needs to be
designed a middle layer for the large transition.
Process mining
All the interviewed people have some level of experience with business intelligence
solutions during their past or current work positions so they well know the differences
between business intelligence and process mining. Business intelligence is closely linked
with traditional reporting (interviewees 4,5,6). Extracting some chosen fields for
reporting usage and showing specific measures such as on-time-in-full. Moreover, I7
describes that typically BI tools do not have any visibility to change management and
there do not measure the change happening within KPIs, even talking about providing
any root causes for changes. Furthermore, traditional BI based KPIs do not provide either
possibility to see the amount of rework done in the process so process loops are not shown
in the effectivity figures. I6 adds that in traditional BI a few values from couple data tables
are fetched and then after some calculations the result is one value which is monitored.
Whereas process mining takes all the transactional data and applies a discovery process
for the data to find out something unknown.
Process mining is also one level deeper from the analysis point of view (I4, I5). I5 explains
that the idea is taking all the available data to construct process models and to find
interdependencies, bottlenecks, trends etc. within the data. QPR ProcessAnalyzer can
produce quickly as-is state process model of a current process situation and that can be
further analyzed with a wide range of tools. Then the proceedings can be reiterated and
further developed through traditional business process modeling and workshops. I5
emphasizes that for example with traditional business intelligence tools getting a lead
time for some specific process might take up to a month whereas with process mining it
takes less than a week. I4 identifies that data validation is a crucial point in all kind of
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business intelligence. Otherwise there might occur misleading verdicts and wrong
decisions. Data tells the truth when asked correctly and then the hunches can be left out.
Interviewees 4, 6, 7 and 8 describe that process mining and automated business process
discovery can help process mapping greatly by automating and speeding the process
while being objective and providing the data driven approach on the contrary to traditional
process modeling industry. However, especially I8 continues that as seen on customer
cases, these two approaches do not substitute each other in any way but they can be
applied at the same time. So, there is a traditional process modeling project ongoing to
define as-designed or so to-be processes. In addition, there is a process mining project at
the same time ongoing to see how well the as-designed process is actually applied by the
employees and what kind of variations there are, I10 highlights.
Interviewees 4 and 5 say that a happy process is a good concept although it needs to be
explained to customers because the name itself does not really support the understanding
of what is it. 5 adds that defining the rules and criteria for happy customer and happy flow
is demanding work and customer needs to concentrate on it to have a meaningful KPI.
I8 explains that Happy Process is a concept often used within QPR Software customer
projects and its value is directly linked to how well the rules to qualify the perfect cases
and the failed cases from both a customer and an internal point of view. As the Happy
Process rule setting is done successfully the benefit of the Happy Process KPI is enormous
as managers do not need to follow multiple KPIs but the Happy Process KPI tells right
away how processes are currently doing a comparison trend to history data.
Interviewees 4 and 5 say that basic order-to-cash and purchase-to-pay are the most typical
end-to-end processes to be analyzed by process mining. Sometimes it is enough to
visualize the process but mostly people require business findings. Interviewees 5 and 7
extend basic processes by the ticketing and healthcare processes. They also notify that
customers often ask that which process they should start the process mining. I9 notifies
that naturally the better the scope is defined the more effective and precise the results are.
I6 adds that sometimes the process mining perspectives might start slipping on pure data
mining side because generally customers do not have good visibility to data and when
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they can see the basic visualizations of data they would like to drive traditional data
mining initiatives. However, often that supports also process mining targets and goals.
However, interviewees 6 and 7 notify that monetizing process mining findings often
require some further actions from customers’ organization so a cooperation is highly
important. Furthermore, in some organizations there might be a gap between process
mining findings and realizing the benefits of findings. Interview 7 continues that the
owner of the process mining project should be well chosen from customer side, maybe a
process improvement person or a specialist. I10 points out that one option could be that
one QPR Software’s employee would work full time at customer premises and does the
process mining analysis constantly for various business functions. This would allow an
intimate discussion with customers’ correct personnel & managers and this way provide
an opportunity to find the relevant development areas easily.
Process mining context
I4 and I7 analyze that organizations have executed process mining as single projects and
as a continuous development method and often process mining is a part of the larger
development context. I5 agrees and adds that project based work is effective when there
is a known challenge and the customer wants to have extra information on it or to validate
it. Whereas continuous process mining model is more effective when aiming for
understanding and defining the processes. I7 says that continuous process model is very
valuable because then the trend reporting is possible, challenges are identified, KPIs are
designed around the challenge area and then process improvement work is applied by the
customer and finally the KPI shows the positive change.
I5 notifies that often the budget comes from the business side or then the business person
wants process mining and asks money from IT department. I6 and I7 see that IT does not
usually have the budget for the process mining tool so the budget needs to come from
business side. However, the budget for the project and for the team to initiative it might
be hard to get because typically organizations are already so busy thanks to the industry
trend of slimming personnel during the past few years. At first making process discoveries
sounds very time demanding but in reality, it gives more resources by releasing resources
from the unwanted variations identified during the process analysis. I8 continues that the
process mining market is emerging currently with high pace.
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I6 explains that one reason for prospects ending up not to purchase process mining project
is that they are internally too busy with ad-hoc process challenges and they cannot invest
any time in new projects. This is contradictory since successful process mining would
free time from ad-hoc projects as the visibility to data would be better. I8 continues that
the customers who have decided to purchase QPR ProcessAnalyzer have been really
satisfied with the results because process mining does not require many resources from
the customer side. As earlier described, starting a process mining project is easy and
straight forward. To get started, the customer needs to just create a VPN access or to give
a data dump. Then the process model creation is almost totally done by process mining
consultants. Finally, there are the validation & finding workshops and already then, the
stakeholders are capable of start making business process improvement based on data.
Interviewees 4, 5, 6 and 7 say that sometimes customers would like to have an even deeper
cooperation on actual process improvement work but QPR Software is specialized to be
a software vendor and to leave the actual process improvement for the customer and
partner organizations. I10 continues that QPR ProcessAnalyzer is not tied to any context
such as Lean Six Sigma or process re-engineering even it is used to support these and
many other methodologies. Nevertheless, the perspective is to support methodologies of
all kind that have aligned goals with process mining. I9 proposes that the opportunity to
use more context to address some specific customers’ needs on a detailed level should be
analyzed.
Interview 4 and 7 analyze that one interesting process mining applications area is using
Open R -language to make predictions and generate future measures for customers that
are interested in machine learning, artificial intelligence, internet of things and
predictions. QPR Software has encouraging experiences from simple process related
predictions. For example, when speaking of process durations, the average times are often
used as predictions. But a simple Open R prediction model that takes a few attributes and
process steps as input, tells much more precise prediction for the lead time and the
durations than the basic average duration.
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4.4 Customer interviews
QPR Software has executed over 200 process mining projects but two case projects /
companies were selected because of the project phase being suitable for the research. The
customer interviews are described here under four main topics related to the framework
of the questionnaire and the interviews (BPM, ERP systems, process mining and process
mining context). While referencing to interviewees a shortening of “I” for “interviewee”
is being used. For example, “interviewee 7” is shortened as I7.
Business process management
I1 identifies that company X had several process development projects about five years
ago. Those projects aimed to harmonize processes and to create a defined way of working
by modeling X’s key processes with Microsoft Visio. Processes were modelled by
organizing workshops which took a lot of time but the actual benefits of modelling were
not reached in a long run. For example, processes were modelled but the models were not
used to reengineer or to improve processes in a large scale. Moreover, the process models
were forgotten and not used actively during the past years.
Right now, according to I1, X is growing fast and they have recognized the need of having
clear processes to support efficient business. Furthermore, making acquisitions of smaller
companies in the same business area leads having a huge process variation and therefor
operations become less and less efficient. X have started the process modelling again
from personal ledger and advancing towards purchase-to-pay -process. Since X finds
process development benefits hard to maintain in long term they have invested in QPR
ProcessAnalyzer as a continuous process development tool.
One of the key areas I1 would like to have more process insights are accounting processes.
X does not have any trouble with the legal requirements but there is a feeling within the
organization that accounting processes are not highly efficient and there are tasks and
roles that are overlapping or repeating the same steps for no added value. In addition, the
reporting system could be more effective and average master data quality is not on a high
level enough because personnel are using ERP system differently (processes are not well
enough defined) so the variation is preset also in data.
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I2 points out that company Y has done process modelling and development also in the
past. They have used QPR ProcessDesigner to map and model processes so the key
processes are very well defined. I2 finds BPM follow up and knowing how well the
defined processes are truly in use hard to do the, and furthermore to understand what kind
of situations create most of the process variations.
Another challenge I2 sees is prioritizing of the process development projects. Every
process owners always find their processes the most important and therefore the
development resources should be focused on that specific area. Y does not know the
precise bottlenecks of their operations and there is also an ERP migration project going
on which creates more challenges on BPM.
ERP systems
I1 is not fully satisfied with their ERP system since some factors such as automated tax
reporting is not working totally even the implementation was done a few years ago.
Furthermore, the visibility to data could be better. The data structures and data itself are
not easily accessible.
This was noticed in the past when X implemented a BI system to see key KPIs. The KPI
implementation project was successful but there was need for large scale data
manipulation within the data extraction phase. A couple main KPIs X follows are
throughput time, internal cost for one customer transaction and latency in invoicing. KPI
dashboard gives X the wanted figures such as throughput time trend or latency and this
solution works very well for its use. But the KPI dashboard does not tell the truth behind
the figures or the root causes for some performance changes.
I2 describes that company Y has been working on ERP deployment project lately. Moving
into a new ERP system is mostly because of harmonizing IT systems and the new ERP
system offers very handy mobile features to use ERP system while the employees are not
at the desktop. I3 continues that one of the reasons Y bought QPR ProcessAnalyzer was
to support upcoming large ERP implementation project.
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Process mining
I1 is not highly familiar of QPR ProcessAnalyzer software functions or benefits but
knows the process mining theory on a general level. The most importance feature is to be
able to visualize the process loops. I1 sees that their processes have a significant number
of loops but they are hard to identify. Moreover, the process flowcharts that QPR
ProcessAnalyzer creates would greatly help the work amount needed to see those process
loops visually. X does not have any measurable target for QPR ProcessAnalyzer project
because it is hard to set targets without having specific metrics on the accounting
processes.
I1 continues that X’s goal is to generally harmonize processes and get rid of loose work.
As described above X would like to have first processes visualized and then to harmonize
processes starting from the accounting process. The accounting process in short: Sales > Payroll computation -> Invoicing material -> An invoice to customer -> Accounting
actions -> Customer Pays -> Accounting actions. Another interesting aspect for X is to
reveal some totally new knowledge about their processes. While doing a discovery
process, there is a possibility to learn something new or surprising from the process as
using data driven perspective.
QPR Software’s Happy Process concept is familiar for I1 from sales meetings but does
not feel timely matter now as the project is just starting and there is no clear structure for
processes. Moreover, it is hard to construct the criteria for the Happy Process that would
qualify a case being happy or not happy. However, I1 finds the concept usable in the
future when the processes are first harmonized.
X is also prepared for process mining discoveries as they have allocated resources and
have a project team to model the new processes and taking the further actions on process
development side so the results will be harnessed, not just revealed. Furthermore, as
designing the task/process descriptions, they will organize workshops with actual
employees who execute the concerned tasks. This guarantees that the work descriptions
will be realistic and meaningful.
I3 identifies how Y bought QPR ProcessAnalyzer already before the ERP migration
project so they were able to see the ERP test phase processes as-is they are, instead of as-
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design process flowcharts. Now as Y is finishing the migration project they initiated a
project aiming to take QPR ProcessAnalyzer into continuous use by doing follow-up for
process models and by seeing if the new ERP system and processes are in fact used as
they were designed to be used. Moreover, how the as-is processes are and create the
comparison models to identify unwanted variations.
Furthermore, Y has implemented a BI solution for their operations to see all the key KPIs
and being able to follow the trends of them. But they have a need for doing a follow up
on KPIs and understanding the root causes for KPIs for example why some KPI is
increasing or decreasing. Therefore, Y wants to use QPR ProcessAnalyzer to see the
dependencies and the patterns from data related to the KPIs.
As interviewees 2 and 3 know the QPR ProcessAnalyzer already as a product, they were
able to describe some key benefits. I2’s lists benefits of process mining:
1) Seeing as-is processes is the most important matter. The ability to act as a “police” by
seeing what kind of policies and transactions organization in reality uses, compared to
what kind of processes Y has designed.
2) Prioritizing process development projects is highly important so the resources of
development are directed to right processes instead of using them for the process which
owner “shouts the loudest”.
3) Categorizing products is another important thing as Y can identify from process flows
and frequencies of some tasks happening their basic and custom services. With this
information, Y’s future scheduling and planning of services is easier.
4) Being able to do root-cause analysis and benchmarking for processes to see bottlenecks
and process variation from a perspective of different attributes such as location or work
supervisor.
I3 highlights that the visibility to the data and to the data structures. There have been
significant findings to support ERP deployment project, for example, by having a deeper
understanding what kind of data various transactions of the new ERP system produce.
Furthermore, there was saved a lot of internal working time and external consulting time
as the ERP deployment project teams’ internal knowledge grew by process mining
achievements.
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I2 points out that Y’s current goal is to take QPR ProcessAnalyzer in continuous use side
by side with current BI and KPI measurement systems. More specifically to create a
guideline for company how to use QPR ProcessAnalyzer on weekly basis and what kind
of reporting is needed. Also, preparing the actions for process development findings for
example, which situations require production planning or work supervising actions.
Process mining context
As I1 explains, company X’s long-term plans related to process mining are:
benchmarking, know-how of QPR ProcessAnalyzer and self-effective teams. I1 sees that
benchmarking is important because of having many internal companies and operations
outside of Finland. Benchmarking the processes would point out company or country
wise differences and help increasing the overall efficiency. I1 emphasizes that while
purchasing IT software or solutions, company X does not want to rely totally on external
consultancy. Moreover, company X would be able to maintain and to develop processes
by using QPR ProcessAnalyzer independently in the future. Therefore, company X wants
QPR Software to train their own personnel the usage of QPR ProcessAnalyzer within the
first process mining project. Then company X could use the tool for their needs
independently and buy consultancy just for special cases. The last goal of self-effective
teams means that X would have small teams that could self-reliantly identify process
bottlenecks or process inconsistencies and then solve these challenges. Furthermore,
having some lean thinking and direct actions for process improvement.
For the future I2 sees that company Y could widen the usage of QPR ProcessAnalyzer to
other Y’s business areas (now the product is used in just one business area). Y is also
likely to do company acquisitions in the future so using QPR ProcessAnalyzer could make
those more controlled and faster. I3 sees that there will be also other ERP system
implementation projects and other large IT system deployments where process mining
could provide help.
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5 DISCUSSION
This chapter introduces the comparison between the literature review and the case study.
The literature review findings support the case study findings, but there are also some
interesting notifications in the case study which were not described in the literature. The
case study results are discussed chapter by chapter with a matching framework to the case
study research areas (Business process management, ERP system, Process mining,
Process mining context). There significant finding of using process mining to support an
ERP system deployment is introduces as an independent Chapter 5.5.

5.1 Business process management
From the literature point of view, BPM has roots many decades back and is a well-known
research area but there is still active research going on and many large challenges and
issues that are not yet addressed or solved (Mendling 2008, Rogge-Solti et al. 2016, Gerth
2013). González-Rojas and Lesmes (2016) state that business processes are one of the
key methods of managing organizations efficiency while creating value. Dumas et al.
(2013) continue that BPM is keeping continuously eye on what is going on and
discovering opportunities for improvement. There is also a need for defining and mapping
business processes (Monk & Wagner 2009). However, this requires a lot of resources and
time (Laamanen 2001).
These findings are shown also on the case study interviews as BPM is seen important on
the industry side. However, there are differences between organizations on how well they
have defined their business processes. Interviewees agree that understanding processes is
required before process improvement work can be applied. It is also mentioned on the
internal interviews that processes bond together the various business aspects such as
products, humans and systems. The external interviews mention that defining business
processes is crucial to keep operations effective but at the same time organizations have
big challenges with business processes. Organizations are highly interested in solving
these business process related issues but they find most of the methods very time and
resource taking.
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As Davenport (1993) and Desai et al. (2005) emphasize, BPM and BPI are something
organizations see valuable although it is not easy to effectively execute BPM and BPI
functions. Hammer & Champy (1993) and Monk & Wagner (2009) see that all the
activities which internally cost more than add value for the organization should be
improved. Moreover, every designing, redesigning, modeling and implementing work
should be started with an analysis of the current processes (Măruşter et al. 2006).
These matters are supported by both the internal and the external interviews. For example,
internal interviewees state that BPI is required to stay competitive or otherwise companies
will not be able to answer the tough competition. The external interviewees agree with
this and see the process mining project as an important part of first understanding and
then being able to improve the processes. Especially, when executing mergers and
acquisitions, the number of process variations grows and therefore the need for
understanding processes increases.
As Desai et al. (2005) notify, BPI work is not easy. Moreover, per both internal and
external interviewees the achieved BPI results can easily be wasted and not harnessed for
the full-scale usage. When years pass by and personnel change, the process variation
increases and processes become less and less efficient. However, there is quite limitedly
research material related to the latest challenges on business processes or business process
development. The literature study identifies the following challenges: selecting the
correct process for improvement, consuming time and effort, change resistance, no
interest to improve, business process follow-up / compliance and use cases of process
models being unclear (Becker et al. 2000, Davenport 1993, Desai et al. 2005, Laamanen
2001, Liu et al. 2007, Lu et al. 2007, Trkman 2010).
Internal interviews describe many kinds of challenges that QPR Software’s customers
face. There are for example the following challenges: identifying bottlenecks, focusing
improvements efforts, data driven decision making, not having visibility into processes,
process mapping taking a great number of resources, reporting generally, how to define
to-be process, how as-is processes are, communication between organization levels,
finding validation for something, internal arguing of processes, business vs IT language
and nursing of the achieved results.
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External interviews point out challenges such as maintaining process improvement
results, reporting generally, low master data quality, knowing the current state of the
processes, prioritizing development projects, process improvement follow-up, identifying
bottlenecks, scaling up (mergers), feeling of having inefficient processes, low visibility
to data, not knowing the root causes for bottlenecks, business process compliance and
managing large IT system deployments.
There are many common challenges within the case study and literature review. For
example, selecting the right process is closely connected with focusing improvement
efforts. In other words, it is a clear challenge for organizations to select which process to
improve first because all the process owners find their process the most important one.
Furthermore, it is challenging for organizations to identify the exact benefits being
available from certain process areas by focusing the improvement resources there. If the
resources are not directed to the actual bottleneck, the benefits of process improvement
are limited. Another common theme is the business process follow up or how to know
how well the designed processes are actually executed within organization. This is a huge
challenge, because no matter how many models are designed or workshops are organized,
the as-is world is hard to map. Finally, process mapping and organizing workshops
consume significant amounts of time and resources and this is clearly presented in the
literature review and the case study. Organizations would like to concentrate on their core
operations and BPM might be hard to see as a profitable work.
Some challenges that are listed in literature but are not identified on the case study side
are: change resistance and no interest to improve. This finding is logical because QPR
Software employees work mostly with customers who have clearly interest to improve
because they have invested in a process mining project the first place to improve.
Furthermore, customers are also definitely less change resistant than average
organizations because of showing interest to a new research area, process mining. The
same reasoning applies for the external interviews because both companies would like to
improve their business processes with a help of process mining.
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5.2 ERP system
ERP systems are a broad and a popular research topic. The literature shows that having
an ERP system have become almost a must for any larger organizations to handle the
company operations in a structured way (Xu 2015). Bendoly et al. (2011) notify that
organizations have huge amounts of data available on their IT systems including ERP
systems and this data is not used effectively to make informed decisions or data oriented
management.
Literature also shows how the need and the design of ERP systems have changed during
the last decades. Currently, most of the ERP systems in use are legacy systems of various
kinds and do not match to the latest cloud service standards. So, there is going to be a lot
of ERP market evolvement during the near future. (Beheshti & Beheshti 2010)
Internal interviews bring up the same perspective that ERP systems are effective and
needed but there are many challenges related to them. Especially, when it comes to fitting
the business processes and ERP systems together. It is always a compromise between
wanted business processes and ERP system structures. Moreover, there are all the time
challenges with data quality and ERP implementations. Trkman (2010) recognizes this
same challenge, of constantly fitting processes and technologies together by making
compromises.
The challenges described by external interviewees are related to multiple topics but there
are some more frequent ones. For example, data quality seems to be an eternal issue.
There often are some level challenges with master data management or data quality.
Furthermore, finding these outliers or problematic cases might be hard as the visibility to
the data is not good on the legacy ERP systems. However, process mining tools can
increase the visibility to data very easily as the raw data is extracted and then by using
features such as profiling analysis it is easy to see what kind of data is populating data
fields and what cases have incorrect data compared with some criteria. This saves masses
of customers’ internal time but also external consulting time and therefore reduces costs.
ERP implementations are very popular research topic related to ERP systems. One of the
reasons is as Gajic et al. (2014) present that large ERP implementation projects are long
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and expensive and per Liu and Seddon (2009) projects fail with around 70 percentage
rates to deliver the expected benefits. Wickramasinghe & Gunawardena (2010a) notify
that projects lack on budget, schedule and functionality areas. This is because of many
reasons such as lack of communication, competence, user involvement and training (AlMashari et al. 2003, Bradley 2008, El Amrani et al. 2006, Li & Zhao 2006). It is also
mentioned in the internal interviews that there are many organizations moving to cloud
ERP solutions in the future, so ERP implementation and deployment projects become
very interesting. However, this research does not take a stand on ERP system failures.
Company X is not happy with the ERP system deployment which happened a few years
back. Organization does not have enough visibility to the actual data and some basic tax
calculations do not work even they have applied a lot of external work on the topic. On
the other hand, company Y sees that their ERP implementation and deployment was
successful. Moreover, company Y used QPR ProcessAnalyzer to support the ERP
deployment and gain extra visibility to data.
General ERP implementation framework steps are decision/selection, configuration,
business process re-engineering, deployment and development (Mäkipää 2003).
Deployment is crucial because training and preparing for deployment is difficult.
Furthermore, as Chou et al. (2014) notify that newly deployed ERP systems are
operatively used and if the transitions are not smooth the organization will not gain
anticipated results and performance. Moreover, the capabilities of the organization
decrease after deployment and possible challenges arouse if not all processes are well
managed. The finding that a case organization could save time and resources by using
process mining is very interesting. This topic will be further discussed on the chapter 5.5.

5.3 Process mining
Business needs for knowledge and intelligence are already on a so high level that just
having data is not an asset but it is a basic presumption (Sherman 2015). Moreover,
collecting data have become a basic action for organizations as trying to continuously
improve (Davenport 2006). Even thought, most of the collected data is not being
effectively used (Bendoly et al. 2011). Same time Provost & Fawcett (2013) have strong
evidence on improving business performance by data driven decision making. Moreover,
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BI is an old concept related to turning data into intelligence. Today BI is a very wide
umbrella term for multiple other data related areas such as data mining or process miningand traditional BI is mostly recognized as a presentation of information (Bendoly et al.
2011).
Data mining is looking for patterns and trends from a large data set to help decisions
(Monk & Wagner 2009). Process mining literature is highly linked to business
intelligence and data mining contexts. Van der Aalst is clearly one of the key people
building process mining research scene and defining the positioning of the topic. Process
mining have not found its final position or shape yet and it is also natural because it is a
young research area. Process mining is basically doing data mining with a process
perspective while relating to process modeling and process analysis (Van der Aalst 2011).
De Medeiros et al. (2007b) and Van der Aalst & Weijters (2004) define that process
mining extracts non-trival log and transactional data. This is linked to BPM literature and
categorizing processes into two main groups: transaction and knowledge intensive
processes. Knowledge intensive processes are difficult to extract from logs whereas there
is plenty of data available of transaction intensive processes. (Hull and Nezhad 2016)
There is an evidence to support the literature findings in the case study. Especially the
internal interviews point out that BI on typically seen as a reporting or data presentation
and not strongly on the analysis side. Moreover, BI solutions are often limited to present
change but not the actual root causes. In other words, BI measures the configured values
and fields, whereas data mining and process mining fetches all the data to make
discoveries and to understand the operations from the process point of view. Fayyad et
al. (1996) recognize that data discovery process describes an important aspect, the
interpretation of the data mining results. This is highlighted also in the case study that
interpretation needs to be done carefully enough and it requires enough prior expertize.
Finally, the results are very beneficial and support the data driven decision making, which
is the only correct way in the year 2017 as an internal interviewee recognizes it.
BPM cycle by Dumas et al. (2013) is described in the literature review (Figure 7) and it
fits very effectively with the process mining literature. Figure 22 shows how process
mining supports the BPM cycle for various points starting from process discovery where
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the as-is process model is constructed. This is core competence area of process mining –
making process discoveries to model the actual business processes and their variations.
Process mining gives a huge advantage compared with for example traditional process
modeling by organizing workshops. Then, the following phase of process analytics is
another process mining key strength. As it was discussed in the case study, process
analytics such as calculating lead time variations between different process steps, can be
difficult with traditional BI methods but very simple by process mining. Process redesign
and process implementation phases are closely connected with BPM tools and methods.
Process mining offers a direction but the actual process improvement must be executed
by the organization (as the case study internal interviews strongly point out) and process
mining does not do this automatically.
However, Van der Aalst (2011) highlights the importance of process models also in
redesign and implementation phases. Finally, process mining offers strong capabilities
for the last phase of the BPM cycle – process monitoring and controlling. As it was
already discussed, process mining produces process analytics which can be used very
effectively on process monitoring. Moreover, controlling the process as-is versus asdesign variation is very effective by process mining tools.

Figure 22. Process mining supporting the BPM cycle (adapted from Dumas et al.
2013 and extended by the researcher).
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There are identified three core BPM challenges during the BPM chapter: selecting the
right process, process follow up and process improvement requiring a great number of
resources. The case study interviews show that process mining addresses all three
challenges very effectively. The interviewees stated that process mining can be used to
focus improvement resources (selecting the right process), as-is and as-design process
comparisons (process follow up) and finally process mining being an easy and an
affordable way to do business process modeling (process improvement requiring a great
number of resources).
The benefits of process mining that internal and external interviews introduce are
versatile. The core idea is that using ERP data for process mining helps companies to
improve their operations and business processes. Table 2 presents the main benefits of
process mining in a summarized form and sorted by the most frequent benefit. The top
five benefits of process mining are: influence analysis, visualization, data driven, speed
up & support ERP implementation and understanding as-is processes.
Benefits
Influence analysis
Visualization
Data driven
Speed up & support ERP
implementation
Understanding as-is
processes

Interviews
2, 3, 4, 5,
6, 7, 8, 9,
10, 11
1, 4, 5, 7,
9, 11
2, 5, 6, 7,
9, 10
3, 5, 6, 8
2, 4, 10

Calculated attributes /
KPIS
Visibility to profitability
Identify product wise
differences on the process
Understanding of data
flows being increased
Easy and affordable
method
Increase Sales

6, 11

Improved conformity
Reduce costs

8
8

9, 11
2
5
6
8

Comments
Identify: outliers, variations, biggest contributors,
durations, root causes, bottlenecks, challenge.
Also, a fast and affordable method.
Easy to understand, lead times, and then analysis
on top of, highlight extra work.
More objective than humans, fact based, only right
way, no hunches, visibility to data, prioritization.
Save time and resources by giving more visibility
to data structures and data itself.
Better than workshops, comparing as-is and asdesigns to see the process compliance. Gives
capability to work as a process police.
Provides trends and easy KPIs to be monitored and
analyzed.
Understanding cost structures.
Easier to understand the service catalog and design
modular products
Helps especially business people to see how the
data actually flows between different IT-systems.
Starting a project is easy and does not require
plenty of resources.
More sales for example because of more effective
processes can deliver more goods and services.
The amount of process variants will be lower.
Process improvement aims often to reduce costs by
more efficient and effective processes.
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Process mapping and agile
processes
Enabling first time right
Event attribute analysis
Capability to process huge
amount of data

9

Process flowcharts visibility to processes.

9
10
11

Give an opportunity to do first time right decisions
This shows systematic errors within the process
Organizations have a lot of data and for example,
SQL server allows large data amounts.

Table 3. Summary of process mining benefits.
This list shows that term benefit can be seen from various point of views. For example,
by benefit visualization interviewees mean the feature of modeling a visual process
flowchart. Of course, that is a direct benefit if the organization does not have any earlier
visual process model, but the actual business benefits start building when the visualized
flowchart is being used to make findings such as unnecessary process steps which can be
removed. The value of visualization and process flowcharts is recognized in the literature
review as well by Monk and Wagner (2009) identifying that there are multiple process
modeling tools but flowchart being the simplest.
All the interviews, except I1 who did not know the QPR ProcessAnalyzer product on a
feature level, listed influence analysis as a benefit. Influence analysis is described in the
literature review and it is a QPR ProcessAnalyzer’s feature to understand variations by
investigating trends and dependencies within the data attributes. Interviewees recognize
this as a significant asset to identify outliers, the biggest contributors, bottlenecks and the
most importantly root causes for specific challenges.
The other top five benefits are general process mining benefits. “Visualization” and “data
driven” being listed multiple times as they help organizations to understand their
processes, lead times, extra process procedures and process loops while being objective
and fact based and not driving decisions supported by hunches. Moreover, this shows that
even though organizations have huge amounts of data they are not harnessing it as
effectively as they could. Therefore, the approach of process mining is using data to
visualize processes which already bring value for organizations. This is described also on
the literature side as well.
The fourth benefit in the Table 3 is to speed up and support ERP implementation which
is an interesting benefit and a use case of process mining. It is described by both internal
and external interviews but not on the literature side. As it was mentioned on the previous
chapter there are a lot of research on ERP system implementation and its success and
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failure factors but not material directly using process mining to support ERP system
implementation or deployment. Since there is a significant saving potential and ERP
implementations are famous about being unsuccessful. this use case is highlighted in a
separate chapter (5.5).
Another interesting aspect that came up during the case study internal interviews is that
BPM process maps and flowcharts do not generally have information about process event
volumes or lead times (sometimes lead time expectations can be added). Process mining
is a data driven method so it can be extended to automatically have all kind of extra
information related to process. However, BPM related personnel do not always expect to
have this information and it can distract the basic process understanding. Moreover, when
the data driven side is presented the basic data mining can even take over the process
centric orientation. Nevertheless, data driven perspective is something new to BPM area
and as described in the case study interviews, it brings many times objectivity to decision
making and cuts hunches and rumors to help people focus on the facts and make BPM
decisions accordingly. Another important matter during the internal interviews was that
always when doing data driven verdicts it is vital to do data validation and to understand
that data tells the answer exactly to the question that was raised.

5.4 Process mining context
BPM is a founding context for process thinking and therefore also for process mining.
However, there are many other overlapping areas within the huge BPM umbrella term.
For example, the internal interviewees mention that Lean and Lean Six Sigma are
interesting contexts related to process mining. It is also noted that QPR ProcessAnalyzer
is not limited for a specific context usage but it is designed to support all methods and
contexts related to processes and process improvement. Moreover, process mining
research maturity is not on a very high level so the exact context remains open.
According to internal interviews there is not a typical maturity phase, time slot, project
or program or even a business function taking especially care of process mining so the
process mining execution context differs significantly between organizations. Usually
large enterprises have a team or a unit responsible for BPM so often this area takes care
of the process mining project. Still, very often a process mining tool can be acquired
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within a large ERP deployment project, an acquisition & merger project or typical ITdepartment purchases. Furthermore, the scope of process mining differs a remarkably as
some companies have a specific challenge of which they would like to solve or they would
like to launch a whole new continuous business process improvement program that is
based on a process mining tool.
Davenport (1993) listed three typical situations when BPI is used: a new IT system is
being integrated, organization has recognized a problem that needs to be solved or
organization wants to increase performance on a general level. The typical process mining
purchase moments described in the case study are in line with Davenport’s findings.
Moreover, there is either a need for a single project to solve some specific challenge or a
will to increase general performance with continuous improvement methods. Moreover,
there is Davenport’s first use case, implementing a new IT system, which is described in
detail on Chapter 5.5. Trkman (2010) and Page (2015) emphasize the importance of
continuous development. By continuously doing the development and improvement the
past findings and successes will not be spoiled and the business will be driven towards
the more efficient future. For example, company X had experiences of this kind in the
past, as the process findings were not being implemented and the work benefits were not
therefore claimed. Currently, they have a project team assigned to make sure that the
process mining benefits will not be lost.
Company Y purchased a process mining tool for supporting their ERP implementation.
So initially process mining was used with in a project. The current target is to use process
mining as a continuous tool and a method of doing process improvement and claiming
good visibility to processes. This is also linked to matter pointed out on the internal
interviews that process mining can be done as projects or as a continuous process. The
continuous setting is often more effective because then the results are iterative and the
chance of results being inactively sustained in the organization is lower.
Organizations have also almost an unlimited number of processes available if counting
all the small process executions. However, often just the end-to-end processes are
modelled and measured. Dumas et al. (2013) describe that typically there are just a few
end-to-end processes that are modelled such as order-to-cash, procurement-to-pay and
issue-to-resolution. The case study interviewees agree with this as typically process
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mining projects are linked to order-to-cash or procurement-to-pay processes. The reason
is that these processes have the highest volume and the most transactions so the
improvement opportunities are often also the largest.
As process mining is not yet well known by the market and prospect do not have
employees working directly related to process mining. Therefore, it might be difficult to
identify, who the process mining tool should be justified and sold in the organization.
Moreover, the clear ownership of the new improvement area of this kind is not defined.
The possible functions are: business, IT, process development area or some general
development team. Giving a clear ownership of process mining would also solve the issue
presented in the case study that where should the process mining budget be allocated,
business or IT side.
Another matter that was described on the internal interviews is that process mining
projects often end with the process insight discoveries and analytics. The actual benefits
are realized when the organization implements the correcting matters or preventive
actions. During the implementation of the solution, customers often ask for process
improvement and BPM support which is a whole different area to process mining
software. It seems effective to first execute the process mining project or to set up a
continuous process mining framework and then to apply the BPM consulting work to the
required extent. However, company X described that their organization would like to
develop internal capabilities and knowledge over process mining and not to be dependent
of external consulting services.
One approach proposed on the internal interviews is that the customer would purchase
one fulltime process mining expert from the software vendor to do the consultancy within
the customer organization. The consultant would have the process mining knowhow but
also the ability to really concentrate on doing the process discoveries and cooperatively
interview different functions and managers inside the house. That could enable chances
to create models with a wide perspective and multifunctional angle. At the same time the
knowhow of process mining would increase effectively within the customer organization
which some external interviews describe highly important. Company Y is interested in
developing self-effective teams that would have the process mining skills and capabilities
to first identify challenges and then to improve the processes in an effective way.
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5.5 Process mining to support ERP implementation
As stated on Chapter 5.3, the benefits of using process mining are extensive and have
many effective use cases. Moreover, the use case of using process mining such as QPR
ProcessAnalyzer to support ERP implementation is a highly interesting one, especially
because it has not been earlier described in the literature. This use case is now introduced
and an estimated calculation related to the cost and resource savings is presented. The
researcher suggests the following framework based on the case study findings.
Figure 23 shows how the amount of business support from the ERP system increases
gradually till the moment that no major improvements can be gained without so large
investments that further developing ERP system becomes unprofitable. Finally, when the
business need arises on a high level enough due to for example high competition or IT
requirements, the organization initiates an ERP system upgrade or an implementation
project. A typical ERP project has the following phases as it is described in the literature
review: a starting phase, a defining phase, a functionality building phase, a testing phase,
a deployment phase and a development phase.

Figure 23. A typical ERP system implementation time horizon & capability
relationship (Researcher’s own material).
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During the deployment phase when the new ERP system is taken into usage the
capabilities decrease instantly to a lower level than earlier with the old ERP system. This
is for example because there are some challenges in a new ERP system configurations
(not all use cases can be investigated on a testing phase) or organization is not familiar
with the procedures or features (new IT system is not always as effective as the legacy
system that operators were familiar with). Then the capabilities of a new ERP system start
build up into a higher level. If the ERP system selection / defining was done successfully
the capabilities should be obviously higher with the new ERP system than with the
previous system to pay back the cost of investment and the serve business side in a more
effective manner.
Figure 24 points out how QPR ProcessAnalyzer can help organizations with ERP
deployment by providing more visibility for the data structures and to the data itself.
Therefore, QPR ProcessAnalyzer can lower the drop in the ERP system capabilities
during the deployment and help building the experience on a new ERP system in a rapid
fashion. The visual process flowchart of QPR ProcessAnalyzer shows the ERP project
team what happens in the new ERP system’s processes from the data point of view.

Figure 24. How process mining tool help ERP system deployment (The researcher’s
own material).
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Moreover, using process mining as soon as possible, already during the first piloting and
testing, provides an opportunity to correct some use cases before they become real
problems after the deployment. Because after the deployment organization is using the
system on a full scale and IT teams might be huge challenges to fix these while the system
is continuously used.
On the other hand, after the deployment it is generally hard to know how the organization
is using the new ERP system or is the personnel doing it in a designed manner. QPR
ProcessAnalyzer gives an access to see what kind of data is populated into the system
data fields from any perspective (country, unit, process step, team or person level) to.
With this knowledge, the training resources can be focused more effectively and the
change management becomes efficient.
Estimating how much a usage of the process mining tool can reduce costs in an ERP
implementation project is very hard because it is impossible to replicate two ERP roll outs
of the same kind and the other could be implemented with a process mining tool and the
other without a process mining tool to clearly see the difference. The researcher will now
propose on the following paragraph one estimated approach to calculate a business case
value of supporting ERP implementation project with process mining.
An ERP implementation project can take two years from ten persons. Furthermore, a
deployment phase can take about one month from an organization to become effective
with the new ERP system. A large organization can have easily 1000 ERP users whose
ability to work is limited. The estimate is that a process mining tool could help to reduce
that one month deployment time by two working days per each person. This would mean
a total of 2000 working days (2 day*1000 employees) which stand for total value of 1.0
million euro as the cost of one internal work day would be 500 euro. Moreover, the
amount of external consulting is reduced because the organization’s internal capabilities
of configuring and understanding the new ERP system have aroused. Adding the reduced
costs of external consulting, 0.1 million euro (around 100 days each 1000 euro) which
ERP project team does not need to buy, the amount of reduced costs would be around 1.1
million euro.
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From the 1.1 million euro of reduced costs, there needs to be subtracted the cost of the
process mining project. As project scales significantly vary and there are multiple vendors
with different pricings, the vague cost estimate for a project could be set at 0.1 million
euro. This would mean about one million euro benefit from the process mining tool
supporting the implementation of ERP system.
A formula to estimate saving potential is provided below.
Formula: X1 * Y1 + X2 * Y2 – Z
X1: The amount of days internal working time saved
Y1: The cost of an internal work day
X2: The amount of days external consulting time saved
Y2: The cost of an external work day
Z: The cost of the process mining project
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6 CONCLUSION
The key findings of the research are presented through the research questions on this
chapter. On the second paragraph, the research is evaluated based on its reliability and
validity. Finally, the future research areas are proposed.
QPR Software is investing in process mining industry and they are highly interested in
understanding the core benefits and the use cases of process mining. Therefore, the goal
of this research is to find out, what are the core benefits of process mining. This is
achieved by answering the three research questions that were defined in the early stage
of the research. First, Table 4 presents the key findings of this research. Red, green and
blue background colors highlight the matching research questions core area. In addition,
there are a few findings around the research question areas.

Table 4. The key findings of the research
The goal of the first research question is to evaluate - What kind of business process
management challenges organizations have?
This is addressed in the BPM literature review and partly during the case study. The first
finding is that the research question is valid as organizations have and use business
processes actively as a concept and they have challenges related to business process
management and development.
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There are various frameworks and emphasize areas within the BPM umbrella. However,
the challenges of BPM improvement are not as heavily researched topic as many other
BPM topics. However, BPM development is not easy and the following challenges were
identified: business processes are hard to describe objectively, which processes to
improve and to focus on, the measurement of process performance, no interest to improve,
BPI is time and resource consuming, change resistance, identifying business process
compliance, BPM responsibilities being on various business functions, different use cases
and perspectives and handling the variability of business processes.
There are also various challenges identified during the case study but the three over
lapping ones in both literature and case study are: selecting the right process area for
development, process development requires a great number of resources and process
compliance / follow up. Selecting the right process for development means that it is vital
to select correct process or process area for development to have good potential for
improvement. If there is a bottleneck somewhere else than within the area that has been
improved, it does not drive effective results. Furthermore, doing BPI capability
identification and actual improvement requires large amount of time and resources which
organizations find very demanding. Moreover, organizations may find it difficult to
justify process improvement work because it is not often directly linked to the core
business. Finally, after the business process has been improved, doing the process
compliance checking and realization whether the organization actually applies the new
agreed policies and methods (as-designed vs. as-is).
The objective of the second research question is to evaluate “Does ERP systems data
help to improve business processes?
This research question is discussed mainly in the ERP system literature review. It is first
validated that organizations use ERP systems and it is necessary for large organizations
to run business in an efficient way. It is recognized during this research that ERP systems
produce huge amounts of data and sum of it as a side product while executing the core
business. Furthermore, organizations have a lot of data available which is mostly unused.
Organizations are more familiar with collecting data than using and taking advantage of
it. It is also identified that ERP systems’ data is applicable to process mining. Moreover,
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process mining helps understanding and taking control of the processes to create a
foundation for process improvement work. However, organizations have commonly
issues with low master data quality and they lack visibility to the data structures.
Another finding is that an ERP system implementations fail with a high percentage. Even
when an ERP system implementation is successful, the capabilities of the organization
decrease after the deployment because the organization is not familiar with the new ERP
system.
Finally, the third and the most important research question is to evaluate “How does
process mining help organizations to understand and improve their business processes?”,
furthermore to understand what kind of benefits and use cases process mining has.
This research question is answered through the case study. Based on the case study
process mining produces a large variety of benefits that help organizations to understand
and improve their business processes. The full list is available in Table 3 (page 76). A
few core use cases of process mining helping organizations are: the visualization of
processes, visibility to as-is processes and comparison with as-design and support for
large IT implementation projects.
The most important finding is a new use case for process mining, to support ERP system
implantation project (described with detail on the chapter 5.5). This is extremely
interesting because there are a lot of research related to ERP system implementations but
not from process mining point of view. Moreover, ERP implementation projects fail with
a high rate and finding new opportunities to improve this rate are clearly deeded by the
industry. Also, in a near future there might be frequently large ERP system
implementation projects starting because organizations jump from their current legacy
systems to new cloud based systems. Measuring of the exact benefit of this use case is
difficult but there is an estimated calculation presented in discussion that proposes savings
worth around one million euros during an ERP implantation project.
Another highly significant finding is that process mining can address all the three
common BPM challenges that were identified for research question one based on both
the BPM literature and the case study. Process mining helps selecting the right process
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area for improvement by visualizing end-to-end processes and then the specific process
area can be selected to be improved. On the other hand, process mining is an easy way to
visualize the processes and does not consume great amount of resources such as some
traditional methods. Finally, identifying process compliance is generally quite difficult
and traditional methods lack abilities to model the actual variations and operations. This
is one of the core areas of process mining as the key target of process mining is to visualize
the as-is processes of organizations.

6.1 Evaluation
Qualitative research can be evaluated by its reliability and validity. Reliability in research
means the extent to which results remain matching over time (Golafshani 2003). Kirk and
Miller (1986) recognized three main types of reliability: how repeatable the research is,
the measurement stability over time and how similar results would different researchers
within the same time horizon. Furthermore, validity in research means that how well the
research does compare to, what the research was intended to do. In other words, how
truthful the results are or was the research leaded to hit the objective (Golafshani 2003).
Validity can be also divided into internal, external and construction areas. Internal validity
concerns mostly explanatory studies. External validity concentrates on defining how well
the case study findings can be applied in other case studies. Finally, constructional
validity relates to data collection and research composition phases. (Yin 2009)
Reliability of this research is on a good level because the research process is described in
detail so repeating the research is easy and the results would be similar. For example, the
exact semi open questionnaires are available as the appendix. Moreover, the internal
variance between the case study interviews is on a low level which supports the
hypothesis that future research would generate similar results. On the other hand, the
stability of measurements over time might not be on a high level because process mining
and business intelligence contexts evolve all the time with a high pace. Therefore, after a
few years the whole research area might be different and the methodologies used in this
research could be outdated.
The validity of this research is on a high level because the research process was designed
before conducting the case study. For example, the literature review was first constructed
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and based on that were the empirical frame work and the interview questionnaire
designed. Furthermore, the case study had both internal and external interviews to secure
objective research manners. The interview results were also discussed with the
interviewees to guarantee correct conclusions.
A case study is always limited to some angle. In this research, the perspective is process
mining context and there might be some other effective tools or methodologies to address
the same business process challenges from a different but even more effective angle.
Moreover, the estimates that are introduced related to ERP project support are just a
guidance and must be considered with high care. Also, as it was recognized within the
BPM discussion that typical BPM challenges such as change resistance and no interest to
improve, were not identified in this research. So, the case study stakeholders have a high
motivation to improve. This creates a limitation that the case study organizations did not
have the quite typical unwillingness to execute process improvement related work.
Furthermore, the scope of the study is limited to companies having an ERP system.
Another limitation is that the case study is based on a single organization. However, the
single organizations study is extended by having two external customer interviews.

6.2 Topics for future research
The need for future research is identified within multiple research areas and matters which
are not addressed in this research. Process mining is still developing research area so there
is clearly a need for further research to provide more angles to Van der Aalst great
research work. Furthermore, there is a need to define more clearly process mining
terminology related to terms such as process mining, process discovery, automated
process discovery and process intelligence. Having clear methodology would support the
future research and help process mining vendors to differentiate from each other by
creating unique sales points based on some research methodologies.
Secondly, there is a need to do a comprehensive qualitative analysis with a larger number
of organizations that have gone through the implementation of ERP system supported by
a process mining tool. This would help making more accurate estimations of the actual
extent of benefits on using a process mining tool to support ERP system implementation
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project. Furthermore, the scope of supporting ERP system implementations could be
widened to other large IT projects and IT systems.
Thirdly, it remains as an open question, which function or area of the organization should
take the process mining ownership and drive process mining discoveries and further
business process development inside the organizations. It is recognized that process
mining mostly identifies challenges and problem areas and does not automatically fix
them. Therefore, doing research on the supporting methodologies and the consulting
frameworks would be important to guarantee the harnessing of the discovered process
insights and benefits.
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APPENDIX
Appendix 1: The case study internal questionnaire
“Organization” refers to the QPR Software’s customers’ project organizations.
Business process management
1) How have organizations defined their processes (tools, procedures and where does the
data come from etc.)?
2) What kind of process development have organizations done in the past?
3) What does organizations find most challenging in process development?
4) Do organizations know bottleneck of their business? What is it?
ERP system
5) What ERP systems do organizations use?
6) Why have they chosen some ERP system and what are the key benefits of their ERP
systems?
7) What kind process development challenges they have related to ERP systems?
8) How much organizations are using their ERP data with timestamps?
Process Mining
9) Do organizations find the difference between Business Intelligence and Process
Mining? Furthermore, how do you find the matter?
10) What are the key benefits of QPR ProcessAnalyzer for you or organizations?
11) What are the key features of QPR ProcessAnalyzer for you or organizations?
12) What is the common target/goal of organizations’ projects?
13) What process or processes do organizations want to improve at first? Next? Why?
14) Use cases? Anything about the process? What kind of visibility?
15) What KPIs or measurable aspects this above process has in successful way (happy
process?)
16) What kind of results organizations expect?
17) What kind of actions these results might need?
18. What are organizations’ long term goals and continuous improvement actions?
Process mining context
19. Is process mining projects’ often part of some larger development program?
20. If yes; What is the target of this development program?
21. What kind of business challenges organizations want to solve with this program?
22. How large is this program (timetable, resources)?
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Appendix 2: The case study external questionnaire
Business process management
1) How have you defined your processes (tools, procedures and where does the data come
from etc.)?
2) What kind of process development have you done in the past?
3) What is most challenging in process development?
4) Do you know the bottleneck of your business? What is it?
ERP system
5) What ERP system do you use?
6) Why have you chosen x ERP / what are the key benefits of x ERP?
7) What process development challenges you have related to ERP system?
8) How much you are using your ERP data with timestamps?
Process Mining
9) How do you find the difference between Business Intelligence and Process Mining?
10) What are the key benefits of QPR ProcessAnalyzer for you?
11) What are the key features of QPR ProcessAnalyzer for you?
12) What is the target/goal of this project?
13) What process or processes do you want to improve at first? Next? Why?
14) Use cases? Anything about the process? What kind of visibility?
15) What KPIs or measurable aspects this above process has in successful way (happy
process?)
16) What kind of results you expect?
17) What kind of actions these results might need?
18) What are you long term goals and continuous improvement actions
Process mining context
19) Is this process mining project part of some larger development program?
20) If yes; What is the target of this development program?
21) What kind of business challenges you want to solve with this program?
22) How large is this program (timetable, resources)?

