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Industrial companies are developing digital processes to provide process improvements in 
terms of more efficiency and profitability. Quality control has a major impact in productivity of 
production systems and thus digitalizing the process could result in significant improvements. 
However, prior literature lacks specific information on how industrial companies should approach 
ERP-based (Enterprise Resource Planning) digital quality control processes. Therefore, this the-
sis studies digitalization of quality control and solves how industrial companies could benefit by 
implementing an ERP-based digital quality control process. 

The thesis is conducted as a single case study in a globally operating Finnish industrial com-
pany that provides complete process solutions to the industries it serves. The case organization 
is undergoing a major ERP implementation program and it plans to design and implement a qual-
ity control process to be controlled digitally in the new ERP system. Within this premise the thesis 
includes designing the digital quality control process and planning its implementation while as-
sessing the organization’s readiness for global implementation. By completing that objective, the 
thesis answers to how the process can be implemented thoroughly, what benefits can be gained 
from it, and what requirements in terms of data management and collaboration does the process 
implementation set for the organization. 

Research strategy for the thesis was the constructive research approach where a solution to 
the problem was crafted and its practical applicability was tested in a close cooperation with the 
case organization. Empirical research in the case organization was conducted through multiple 
methods of qualitative data collection which included interviews, meetings, observation and a 
workshop. This data was analyzed by inductive content analysis. A questionnaire survey was also 
implemented, and this data was analyzed quantitatively. All the data produced information on 
requirements for the digital quality control process and its implementation. These results were 
used to define the process to be assessed and tested for its applicability in the case organization. 
According to the assessments and requirements, further implementation of the process was 
planned regarding a process implementation framework. 

The digital functionality of the quality control process was determined as feasible. It would 
provide improvements by integrating processes and increasing visibility and transparency through 
ERP-based control as well as enabling data processing and analytics. However, implementation 
of the digital aspects beyond the scope of the thesis will require more development as the scope 
that was tested was a simplified one. Challenges would also arise due to the significant changes 
in ways of working which would require proper change management and organizational align-
ment. Therefore, resources are needed for thorough instructing and training of employees to work 
with the new process. Also, targets and guidelines are needed to induce commitment to the im-
plementation. Regarding these challenges, the role of management is emphasized in order to 
achieve thorough implementation. 

This thesis provides a methodology for development and implementation of ERP-based digital 
quality control. The methodology can be utilized by other organizations in a similar premise and 
in other types of process development utilizing ERP systems. Therefore, this thesis provides prac-
tical contribution for process development and implementation beyond the scope of quality con-
trol. 
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Teolliset yritykset digitalisoivat prosessejaan kasvattaakseen toiminnan tehokkuutta ja 
kannattavuutta. Digitalisoinnilla voidaan saavuttaa merkittäviä prosessiparannuksia 
laadunohjaukseen ja sen myötä tuotantojärjestelmän tuottavuuteen. Olemassa oleva kirjallisuus 
ei kuitenkaan tarjoa ratkaisuja siihen, kuinka teolliset yritykset voisivat digitalisoida 
laadunohjausprosessejaan osana toiminnanohjausjärjestelmäänsä. Näin ollen tämä työ tutkii 
laadunohjauksen digitalisointia ja selvittää, kuinka teolliset yritykset voisivat hyötyä 
laadunohjausprosessin toteuttamisesta osana digitaalista toiminnanohjausjärjestelmää. 

Tämä diplomityö toteutettiin tapaustutkimuksena globaalisti toimivassa suomalaisessa 
teollisessa yrityksessä, joka toimittaa kokonaisia prosessiratkaisuja palvelemilleen 
teollisuudenaloille. Kohdeyrityksessä on käynnissä mittava toiminnanohjausjärjestelmän 
käyttöönottoprojekti, jonka yhteydessä toteutetaan uudenlaista laadunohjausprosessia. 
Diplomityössä mallinnetaan toiminnanohjausjärjestelmään sisältyvä laadunohjausprosessi ja 
suunnitellaan prosessin toteutusta. Samalla arvioidaan kohdeyrityksen valmiutta ottaa prosessi 
käyttöön globaalisti koko organisaatiossa. Tavoitteiden saavuttamiseksi työssä tuotetaan 
vastauksia siihen, kuinka laadunohjausprosessi voidaan ottaa käyttöön perusteellisesti, mitä 
hyötyjä prosessin toteuttamisesta on saatavissa sekä mitä vaatimuksia prosessin käyttöönotto 
asettaa organisaation tiedonhallinnalle ja yhteistyölle. 

Tutkimus toteutettiin konstruktiivisella tutkimusotteella, jossa tarkoituksena on luoda ratkaisu 
ongelmaan ja testata ratkaisun käytännön toimivuutta tiiviissä yhteistyössä kohdeyrityksen 
kanssa. Kohdeyrityksessä toteutettava empiirinen tutkimus tehtiin monimenetelmäisellä 
laadullisella tiedonkeruulla sisältäen haastatteluja, palavereja, havainnointia ja työpajan. Aineisto 
analysoitiin induktiivisen sisältöanalyysin avulla. Näiden lisäksi toteutettiin kysely, jonka aineisto 
analysoitiin kvantitatiivisesti. Kaikki kerätty aineisto tuotti tietoa vaatimuksista digitaaliselle 
laadunohjausprosessille ja sen käyttöönotolle. Tuloksia käyttäen mallinnettiin digitaalinen 
laadunohjausprosessi, jota arvioitiin ja testattiin kohdeyrityksessä. Prosessin käyttöönottoa 
suunniteltiin arviointien ja asetettujen vaatimusten kautta huomioiden prosessien toteutukseen 
soveltuva viitekehys. 

Kehitetty digitaalinen laadunohjausprosessi todettiin toimivaksi. Se mahdollistaa parannuksia 
toimintaan integroimalla prosesseja ja luomalla läpinäkyvyyttä. Digitaalisuus mahdollistaa myös 
datan tehokkaan käsittelyn ja analysoinnin. Testaus kuitenkin tehtiin yksinkertaistetulla prosessin 
laajuudella, jolloin laajempi prosessin toteutus vaatisi lisää kehitystyötä. Haasteita on 
odotettavissa myös merkittävästi muuttuvien toimintatapojen myötä. Toimintatapojen 
jatkokehittäminen edellyttää asianmukaista muutosjohtamista ja organisaation 
yhdensuuntaistamista. Uuden prosessin perusteellinen koulutus ja ohjeistus työntekijöille 
tarvitsee riittävät resurssit. Lisäksi tarvitaan tavoitteita ja ohjeita mahdollistamaan riittävä 
sitoutuminen prosessin käyttöönottoon. Nämä haasteet korostavat yrityksen johdon roolia 
pyrittäessä perusteellisen toteuttamiseen käytännössä. 

Tämä työ tarjoaa menetelmän toiminnanohjausjärjestelmään perustuvan digitaalisen 
laadunohjausprosessin kehittämiseen ja toteuttamiseen. Menetelmää voidaan hyödyntää 
samankaltaisissa lähtökohdissa olevissa organisaatioissa, mutta myös muun kaltaisessa 
toiminnanohjausjärjestelmää hyödyntävässä prosessikehityksessä. Näin ollen tämä työ tuottaa 
käytännön hyötyä prosessien kehityksessä ja toteutuksessa laajemminkin kuin vain 
laadunohjauksen alueella. 
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1. INTRODUCTION 

1.1 Background of the Thesis 

This thesis is built around the phenomenon of digitalization in industrial companies to 

provide process improvements. Digitalization is considered as the fourth industrial revo-

lution and phrases like industrial internet and industry 4.0 are used to describe the revo-

lutionary changes in industrial processes achieved by digitalization. (Kagermann et al. 

2013, Radziwill 2018). The most common improvements gained by digital technologies 

are involved with customer experience or operations (Fitzgerald et al. 2014). 

In addition to the functional changes in processes, digital transformation brings about 

several societal changes that Loebbecke & Picot (2015) compiled in their study. Some 

of these changes can seem managerial hindrances in the eyes of an industrial organiza-

tion. Therefore, industrial digital transformation simultaneously provokes advantages like 

increased productivity and value creation as well as possible disadvantages that could 

be discovered in the implementation of new digital techniques. 

The digitalization aspect in this thesis involves developing a digital quality control process 

to be implemented in an industrial company. Colledani & Tolio (2006) studied quality 

control and its impact on productivity. The study concluded that quality control has im-

portant effects on production system productivity. Therefore, seeking to achieve process 

improvements in quality control is of major importance for industrial companies. 

The planned digitalized quality control process in this thesis provides process improve-

ments by reducing manual quality control work and increasing visibility of quality control 

in the delivery process of an industrial company. The new operation would also require 

changes in familiar ways of working and new kind of collaboration between functional 

units of the organization. This involves developing the quality control process to meet 

the new requirements or like in the case of this thesis creating a new process that will 

radically change the current state. Thus, the new digitalized quality control process would 

fulfill the somewhat paradoxical qualities of digital transformation stated above. 

In the wake of industry 4.0 the term quality 4.0 is used regarding the application of digital 

technologies in quality management. In a study by Küpper et al. (2019) quality 4.0 is said 

to be important in the factory of the future. More precisely the study concluded that quality 

4.0 will have significant effect in industrial companies’ operations like quality governance, 
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performance management and training within the next five years. Quality 4.0 will also 

enable transformation of culture, leadership, collaboration and compliance. However, 

before striving for quality 4.0 developments, many organizations are still trying to solve 

problems with inefficiencies of fragmented systems, manual metrics calculations, collab-

oration and cross-functional ownership of quality processes. (Jacob 2017) 

All in all, the concept of industrial digital transformation and the revolutionary develop-

ments as well as the managerial challenges it brings about is extremely topical. Further-

more, as these concepts are brought into an industrial case company and its quality 

management function, new environmentally specific information is created for this kind 

of industrial environment. 

1.2 The Case Organization and Its Need for the Research 

This thesis is conducted within a large Finnish industrial organization that has global 

presence. The case organization produces complete solutions for its industrial custom-

ers. Therefore, the case organizations products include large engineering projects as 

well as service parts that are smaller and more straightforward units. Thus, the case 

organization has multiple types of production environments covering its product portfolio, 

and the developed process needs to be suitable for all production environments. 

The premise for the need of this thesis comes from an ongoing implementation project 

of a new company-wide ERP (Enterprise Resource Planning) system. The project aims 

for business transformation to bring people, processes and technology closer to the com-

pany’s strategy and vision in improving customer experience as pictured in Figure 1.1. 

Processes should be standardized to standard operating procedures (SOP) globally. 

Technology benefits are gained by replacing about 20 applications with the new ERP 

systems which improves data quality and thus decision making. Performance would be 

improved by updated ways of working and easier access to information. 

 

Figure 1.1 Improving customer experience with the new ERP system. 
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Within the ERP implementation project and its quality management function, a new dig-

ital quality control process and its implementation to the new ERP system is under plan-

ning. Currently the company’s quality control process relies on documents and the cur-

rent ERP system does not include a process for quality control. The focus of a digital 

quality control process in the new ERP system is to have the needs of quality inspections 

triggered in the ERP system and thus provide quality inspectors a formal work queue for 

quality control. This visibility is planned to be achieved by creating applicable master 

data of items and processes to the ERP system to control the operation. Besides this 

visibility throughout the company’s delivery process, other important improvements to 

quality are gained by having the quality data in digital format which facilitates business 

intelligence and analytics. Similar ways of master data-based operation control are seen 

as a necessity and as a default way of working with ERP systems in the areas of product 

management and production control. However, with quality control the new ways are still 

seen as a choice and as an opportunity among the company’s employees. 

The case company has been driving its organizational structure more towards its prod-

ucts. Currently product data is scattered across multiple systems and there is no com-

prehensive product lifecycle management (PLM) system that would integrate all relevant 

product data. Product data affects quality control as product data feeds the quality control 

processes. However, managing quality control processes and adjusting quality require-

ments for products become laborious as product data need to be gathered from multiple 

systems. Currently quality requirements for products are defined in engineering drawings 

which are, however, not connected to production. Figure 1.2 illustrates the current situ-

ation of scattered product data (engineering drawings and quality requirements are the 

only ones connected) and difficulties arising from this. 

 

Figure 1.2 Current state of quality control and product lifecycle management 
integration. 
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With the new ERP system and the improved digital process control, quality control would 

be integrated to PLM to a further extent than before. This integration is an important 

development project in the case organization. In the target state of quality control and 

PLM integration, quality control processes and quality master data would be integrated 

to the PLM system. This would provide digital continuity through unbroken information 

flow between different business activities and break silos between the different activities. 

The integration would involve people, data, business processes and systems. With this 

approach the objectives for product quality is made more visible throughout the organi-

zation. This targeted integration emphasizes how quality is cross-functional and need to 

be an integral part of the work of multiple departments of an organization. Illustration of 

the target state of quality control and PLM integration is presented in Figure 1.3. 

 

Figure 1.3 Target state of quality control and product lifecycle management in-
tegration. 
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1.3 Research Scope and Objectives 

The focus of the new quality control process, as stated in the previous chapter, is to have 

quality inspections triggered in the ERP system and to develop the process to work form 

end to end starting from product lifecycle management. Therefore, the process scope of 

this thesis includes all elements of the quality control process that are required to com-

plete such an objective within an industrial company and its ERP system. These ele-

ments are listed in Table 1.1. 

Table 1.1 Process scope of the thesis 

Element Details of the element 

Data requirements Item master data to trigger inspections 
Data storage for further analysis 

Process stakeholders/Business functions 
Product management 
Production planning 
Production 
Quality management 

Quality controlled products Pilot products for small scale testing 

Quality inspection related procedures 
Inspections at production and for received items 
Data input and access 
Initiation and completion of the inspection 

Implementation 
Employee acceptance 
Employee behavior 

 

The case organization’s needs, and the process scope set demands for the viewpoint 

and unit of analysis of the research. The ongoing ERP program and the digitalization of 

quality control within the program is company-wide, and the scale of transformations 

aimed to be induced to the company’s ways of working is extensive. Therefore, an ap-

propriate viewpoint is a focus on the organizational changes to the company’s business 

and ways of working with the new quality control process. An appropriate unit of analysis 

is the whole organization. As the implementation of the new quality control process will 

cause challenges of change management and the need to guide employees’ behavior 

towards the new ways of working, this research is seen as a part of enabling those 

changes and providing solutions to cope with those challenges. 

Based on the process scope, viewpoint and unit of analysis of the research, the objective 

of this thesis is written out as follows: 

Define a digital ERP-based quality control process and assess the readiness of 

an organization-wide implementation of the process in a global industrial com-

pany. 
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The premise and objective of the thesis implies strategy of a case study. According to 

Robson (2002, p. 178) a particular phenomenon is studied in its real-life context in a case 

study strategy. A case study enables gaining rich understanding of the context and pro-

cesses involved in the scope of the research (Morris & Wood 1991). Also, Yin’s (2003) 

descriptions about types of case studies and their units of analyses are relevant. Based 

on Yin’s (2003) distinguished case study strategies, this thesis is regarded as a holistic 

singe case study. 

The objective of designing a solution (the digital ERP-based quality control process) and 

assessing its applicability, however, implies to a more specific kind of case study strategy 

which is the constructive research approach. According to Lukka (2000, 2003) the con-

structive approach is suitable for case studies where real-world problems are solved in 

practice. The solution for the problem is crafted within the research. During the research 

also the solution’s applicability to the problem is tested by implementing the solution. A 

constructive research is conducted in a close cooperation with the case organization. 

The research approach also includes linking the research to prior literature and reflecting 

the results based on theory. (Lukka 2000, 2003) More about the constructive research 

process and its utilization in this thesis is discussed in Section 3. 

To answer to the needs of this research and provide solutions for the objective, one main 

research question is proposed: 

How can an industrial company implement the new digital quality control process 

thoroughly? 

This is a broad question to be answered considering the scope and resources for this 

thesis. Thus, additional sub-questions are required. The sub-questions are detailed more 

towards the premise of this thesis and the needs of the case organization. This is relevant 

regarding the nature of the research being a constructive case study. Three sub-ques-

tions are formed as follows: 

1. How can the digital quality control process provide process improvements for an 

industrial company? 

2. What kind of requirements does the implementation of master data and ERP-

based quality control process set for the company’s data processes? 

3. What kind of improved collaboration does the company need between its depart-

ments like product management, production planning, production and quality 

management? 
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The research process for finding the answers to the research questions consists of a 

literature review as well as a multimethod constructive research conducted within the 

case organization. Collection of empirical data for the constructive research include com-

pany data about the current state of quality control and targets of the ERP implementa-

tion project, employee input gathered by interviews and collaborative meetings, 

walkthroughs of the current quality control procedures in the company, piloting of the 

target quality control process, and a process development workshop arranged after pi-

loting tests. These data collection methods are more thoroughly introduced in Section 

3.3. 

The target quality control process is first designed to a set of pilot products which will 

then serve as a reference for further implementation in the global case organization. The 

piloting process is regarded as the complete workflow from planning the target quality 

control process to the testing of the process in the ERP system environment with virtual 

production and virtual quality inspections. 

Practical deliverables and implications fit specifically for the case company are provided 

as the research process goes on. This research aims to provide: 

- indication of the improvement opportunities in quality control 

- flowchart for the digital quality control process with responsibilities of the process 

stakeholders defined 

- feasibility of the ERP interface for process control 

- feasibility of utilization of digital data 

- indication of change management challenges and requirements for further process 

implementation. 

Although the components listed here are specific for the case company and its goals for 

the ERP system implementation, the deliverables of this research can provide insights 

for other organizations and their ERP system implementation projects or process im-

provement initiatives. 

This thesis cannot include all the aspects involved in the creation of a new process, so 

the thesis includes some limitations. As the viewpoint is the organizational perspective, 

physical activities of quality control processes like quality inspections and contents of the 

quality inspections are in a minor focus. What comes to the quality inspections, the scope 

of quality control processes in the ERP system in this thesis includes only certain inspec-

tions of production and received items, so many other quality control procedures are not 
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included. In addition, many of the details related to the functionalities of information sys-

tems, programs and databases necessary to create the quality control process are left 

out. 

1.4 Structure of the Thesis 

The introduction Section provides the premise of the research as well as states the ob-

jectives for the thesis. The objective of designing and implementing an ERP-based digital 

quality control process encompasses three key concepts that are introduced and defined 

in the beginning of the literature review. These concepts are quality control, digital trans-

formation of quality and business process re-engineering. Connecting these concepts 

together forms the environment for the research as reaching the objectives includes stud-

ying all three concepts. Later in the literature review improvements of a digital quality 

control process and requirements for such a process are discussed. Then implementa-

tion of the process is discussed in terms of implementation challenges and ways to suc-

cessfully lead the implementation. After this in Section 2.6 a synthesis framework for the 

implementation is created according to implementation models from prior literature which 

acts as a guideline for further implementation in the case organization. 

The research methodology Section describes the approach for a constructive research 

and delineates the research process in the premise of the thesis. Detailed descriptions 

of all data collection methods and activities made during the data collection are provided 

which gives visibility for the research process. All data collection methods are described 

in their respective Sections as well as summarized in a table format in Section 3.3.5. 

Section 3.4 includes descriptions of the inductive content analysis method used for qual-

itative data and the analysis conducted for one source of quantitative data. Finally, in this 

Section the workflow of the research is illustrated following the phases of the constructive 

research approach. 

Section 4 describes the operating environment of the research according to interviews 

and observations. The Section includes analysis of current state of quality control as well 

as the case organizations views and opinions about the target process of digital quality 

control and its implementation. Information about the operating environment are utilized 

in Section 5 to provide detailed requirements for the target process and its thorough 

implementation. These requirements are also supported by findings from prior literature. 

According to the requirements, descriptions of the process are illustrated as flowcharts. 

In the discussion Section the designed ERP-based digital quality control process and 

plans for its thorough implementation are discussed and reflected to the findings from 
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literature. The digital aspects of the quality control process are regarded as significant 

improvements. However, the new re-engineered process poses challenges of change 

management and organizational alignment. Therefore, further implementation requires 

specific steps that are discussed in Section 6.2. 

Finally, the conclusion Section states achievements of the research according to the 

objectives and research questions. Contribution of the thesis is also discussed. In addi-

tion, the conclusion section provides implications for other practitioners, assesses relia-

bility and validity of the research as well as describes ideas for future research in the 

field. 
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2. LITERATURE REVIEW 

2.1 Concepts Utilized in the Research 

The premise of this thesis revolves around digital transformation of quality control pro-

cesses to provide process improvements and implementing the transformation in an in-

dustrial company. Therefore, this thesis connects three concepts together which are 

quality control, digital transformation, and business process re-engineering (Figure 2.1). 

Quality control forms the basis of what is to be improved and achieved. Digitalization 

answers to why to improve which in this case is the potential for process developments 

and efficiencies digital technologies offer. Business process re-engineering (BPR) states 

how the improvements are done to the processes and this also brings about the aspects 

of change management and process implementation. 

 

Figure 2.1 The three main concepts utilized in the thesis. 

2.1.1 Quality Control Processes 
Quality control operations are involved in the overall quality management of an organi-

zation. Therefore, it is appropriate to define quality management and its functions when 

discussing quality control. Sower (2011, p. 20) in his book about quality used the defini-

tions of American Society for Quality when describing the following important quality 

terms: 

Quality management is the complete set of functions that are used in determining and 

achieving quality, and it includes quality assurance and quality control. 
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Quality assurance includes all activities that are designed to achieve appropriate quality 

and to fulfill the necessary needs of producing products and services. Quality assurance 

as a concept encompasses the entire quality system from suppliers to the ultimate con-

sumers of a product or service. 

Quality control is the narrowest concept of these three and it focuses on a production 

process with an intention to eliminate problems that could cause defects. Quality control 

includes the techniques and activities that sustain quality of products and services as 

well as the usage of those techniques and activities. 

Juran (1986) lists basic quality control processes which are: 

- choose what to control and what measurement units are needed 

- establish measurement 

- establish performance standards and measure actual performance 

- identify the difference between actual and standard 

- make corrective actions to the difference. 

Mitra (2016, p. 16) describes ways that make quality control systems advantageous for 

organizations. With quality control a well-defined structure for achieving production goals 

as well as measuring and evaluating those achievements are established. This also en-

ables to continuously meet the requirements of changing customer demands. A quality 

control system that reduces amount of scrap and rework increases productivity and com-

petitiveness and reduces costs. Also, increased productivity improves delivery by reduc-

ing production lead times. All this keeps customers satisfied which is another advantage 

of quality control. Finally, quality control systems create an environment of improvement 

in organizations to constantly strive for improving quality and productivity which is im-

portant to remain competitive. (Mitra 2016, p. 16) 

Quality is often directly associated to serving customers. Customers expect to be satis-

fied by default, so to gain competitive advantage organizations needs to exceed cus-

tomer expectations. The idea of serving customers with quality involves external custom-

ers that the products and services are delivered to, but also the internal customers within 

the organization. For example, in an assembly line operation after completing a step, the 

next step acts as an internal customer for the preceding step. Every process that is con-

ducted within an organization has a customer whether it is an external customer or an 

internal customer. (Sower 2011, p. 6) 

A well-known quality expert Joseph Juran wrote in the Quality Control Handbook that 

quality control enables determining the need of corrective actions (Sower 2011, p. 15). 
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Therefore, the idea of serving internal customers within a production process fits well 

with the concept of quality control. Achieving sufficient quality in a production operation 

as well as having the means to assess and maintain quality produced in the operation 

assures that the next operation in the production process receives good quality. 

In quality control it is also important to understand the overall concept of quality. How-

ever, the definition of quality is considerably vague. The first modern definitions of quality 

date back to the United States of early 1900s and since then the complex concept of 

quality has received multiple different definitions. These definitions, according to Sower 

(2011, p. 6), constitute the basis for the modern concept of quality. Later Garvin (1984) 

presented five different approaches for the definition of quality. In addition, The American 

Society for Quality (ASQ) has published its definition of quality (Sower 2011, p. 6). Table 

2.1 describes all these definitions. The first four definitions are the early 1900s definitions 

compiled by Sower (2011, p. 6), definitions numbered from 5 to 9 are the definitions of 

Garvin (1984), and the last is by ASQ. 

Table 2.1 A list of varying definitions of quality. 

 Definition Source 

1. The first aspect: “an objective reality independent of 
the existence of man”. 
The second aspect: subjective aspect of what we 
think, feel or sense regarding the objective reality. 

Shewhart (1931) 

2. Quality is a subjective aspect that has commercial 
value. Quality products or services fulfill needs and 
thus have a good and sustainable market value. 

Deming (1933) 

3. Quality is “fitness for use”. Juran (1970) 

4. Quality is what is “best for certain customer condi-
tions”. 

Feigenbaum (1970) 

5. A transcendent approach stating that quality is excel-
lence that is innate. It is also absolute and thus uni-
versally applicable and recognizable. 

Garvin (1984) 

6. A product-based approach stating that quality is a 
precise and measurable variable that describes the 
excellence of a product. 

Garvin (1984) 

7. A user-based approach stating that quality is having 
the needs of customers fulfilled. 

Garvin (1984) 

8. A manufacturing-based approach stating that quality 
is simply meeting specifications. 

Garvin (1984) 

9. A value-based approach that relates costs and per-
formance. Quality is achieved by having perfor-
mance at a justifiable price or having conformance at 
a justifiable cost. 

Garvin (1984) 

10. Quality is subjective, meaning that each person has 
their own definition for what quality is. Technically 
quality is having the properties needed to satisfy 
stated or implied needs or quality is having no defi-
ciencies. 

The American Society for 
Quality 
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Considering the scope of this thesis including the processes of quality control in an in-

dustrial company, the user-based approach, (number 7 in Table 2.1) the manufacturing-

based approach (number 8), and the value-based approach (number 9) are regarded as 

the most relevant definitions in the case of this research. As the case organization of this 

thesis produces machinery according to predefined specifications and customers can 

define specifications according to their needs, the scope of quality control in the case 

organization is seen to fit within the definitions of numbers 7 and 8. Definition number 9 

is seen to fit to this research as the case organization is seeking to develop quality pro-

cesses regarding cost and performance requirements. 

The manufacturing-based approach, however, has received criticism. According to 

Sower (2011, p. 11) simply meeting specifications is not good enough. With that said, 

however, as the goal of this thesis is more about the development of process control 

rather than improving the product quality of the case organization, the manufacturing-

based approach offers a reasonable concept of quality for this thesis. 

What comes to the development of quality control processes in this thesis, another im-

portant aspect worth introducing is process modeling. Processes are activities that or-

ganizations use resources for in order to add value for customer. Modeling of an organ-

ization’s processes is used to improve the performance of the organization. Essential in 

process modeling is systems thinking towards goals, focus on customers and value-add-

ing activities, and utilizing process feedback for further development of the process. In 

order to reach the objectives of process modeling, it is important to clearly define the 

scope of the modeled process as all processes of an organization are very difficult to be 

modeled and designed simultaneously. (Martinsuo & Blomqvist 2010) Process develop-

ment regarding the scope of this thesis is further discussed in Section 2.1.3. 

Core processes of an organization are always connected to an external customer, 

whereas support processes are internal and are in service of the core processes (Mar-

tinsuo & Blomqvist 2010). Quality control processes can be considered as supporting 

processes based on the definitions and the list of quality control processes stated above. 

Therefore, quality control is conducted to serve internal customers of an organization like 

it was mentioned in the example of the assembly line operation. Quality control pro-

cesses like quality inspections serve the core processes of organizations like the pro-

duction of good quality products. 

An important aspect of developing quality control processes is having clearly defined 

work instructions to train and evaluate employees. Multiple quality improvement inducing 

factors can be achieved by this such as reducing confusion and increasing morale 
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among employees as well as reducing variation in the system. High levels of variation 

mean high numbers of nonconformances or defects. Therefore, well-defined work in-

structions are an integral part of effective quality control and an important foundation for 

quality improvements (Sower 2011, p. 138) 

Besides well-defined work instructions, quality control procedures need to be well-docu-

mented. Documents enable determining how operations are currently conducted which 

further enables performance measurement according to the documents. (ANSI/ASQC 

Q9000-1-1994, vii). A system for quality is needed for documentation, and for verifying 

that defects are identified, and corrective actions are made (Sower 2011, p.126). There-

fore, digital technologies like this can improve quality which is discussed in the next Sec-

tion. 

2.1.2 Digital Transformation of Quality 
Digital transformation is defined in the study by Fitzgerald et al. (2014) as the use of 

digital technologies for achieving major business improvements. In a similar sense Gart-

ner (2020a) defines digitalization as the process of moving to a digital business by using 

digital technologies to change business models and provide new ways to create revenue 

and value. Another closely related term, digitization, is defined by Gartner (2020b) as 

changing a process from analog to digital without any other changes made to the process 

itself. According to these definitions, digital transformation and digitalization are the most 

closely related terms to this thesis and thus used henceforth. 

Jacob (2017) compiled a framework that combines technology, people, and process for 

companies to help in the implementation of quality 4.0. This combination of technology, 

people and process is also the same in Figure 1.1. where the goals of the case organi-

zation of this thesis for the new ERP implementation were stated. The framework pic-

tured in Figure 2.2 includes 11 aspects of quality 4.0 that are connected to people, tech-

nology and process. According to Jacob (2017) people and processes are important par-

ticularly to quality compared to other areas of business. Therefore, the key to successful 

digitalization of quality is the application of the technologies besides the adoption of the 

technologies themselves (Jacob 2017). 
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Figure 2.2 Framework of quality 4.0 (modified from Jacob 2017). 

Implications of digital quality were first described in 2015 in a report by American Society 

for Quality (ASQ) (2015) in the time when the term quality 4.0 had not been used yet. In 

the report ASQ points out a few emerging aspects of how digital technologies will change 

quality operations. Boundaries of organizations are changed, and more information is 

shared due to availability and transparency of information. Supply chains become more 

visible to production processes and real-time monitoring is achieved. These result in in-

creased significance of data management (Radziwill 2018) which is discussed more in 

Section 2.3.1. 

According to Küpper et al. (2019) digital processes increase productivity and flexibility 

within the factory and throughout the supply chain. However, besides the digitalization 

of quality management, quality 4.0 signifies the impact on technology, processes and 

people which further enables transformation of culture, leadership, collaboration, and 

compliance (Jacob 2017, Lee 2019). Similarly, Küpper et al. (2019), points out that tech-

nology only partly enables digital quality transformation as the focus must also be on 

people and skills. In addition, according to Küpper et al. (2019) successful adoption of 

digital quality requires addressing strategic, cultural and technological issues. However, 

only a few companies have a detailed strategy for implementation of digital quality (Küp-

per et al. 2019). According to Fitzgerald et al. (2013) the management teams of compa-

nies often lack the specific characteristics and experience to drive digital transformations 

and thus companies struggle to gain the business benefits of digital technologies. 

Kane et al. (2015) studied the adoption of digital technologies in organizations. They 

categorize companies based on their propensity to digitally transform their organizations 

and their state of digitalization. The three categories of organizations are early stage, 

developing stage and maturing stage. A major finding in the study is that not only tech-

nologies drive organizations forward in their digital transformation but more importantly 

a clear and coherent digital strategy makes organizations more digitally mature. In the 
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early stage organizations that are less digitally mature, the focus is on the technology 

rather than the strategy. In these organizations the objectives of digital transformation 

include operational aspects like increased efficiency and improved customer experience. 

In more digitally mature companies, the objectives of digital transformation are more in-

clined towards strategic goals such as transforming the business. The study concludes 

that digital maturity is achieved in organizations by a combination of strategy, culture and 

leadership. (Kane et al. 2015) 

2.1.3 Business Process Re-engineering (BPR) 
 

Defining BPR 

Literature identifies three main forms of business process re-engineering or BPR which 

Fasna & Gunatilake (2019) compiled and differentiated. These three forms are process 

improvement, evolutionary BPR, and revolutionary BPR. Limam Mansar & Reijers (2007) 

differentiate BPR into two different terms: business process re-engineering and business 

process redesign. The concept of redesign is concerned with jointing interdependent 

tasks and resources of a process and compared to re-engineering has a narrower and 

more specific view on process improvements with respect to the pace or size of the pro-

cess change. Business process re-engineering involves extensive restructuring of busi-

ness processes and has a broader scope of one or more processes. (Limam Mansar & 

Reijers 2007) 

According to Macdonald (1995) business process re-engineering and business process 

redesign fall under the general term of business process improvement (BPI). Macdonald 

states that BPI covers three approaches that are process improvement, process rede-

sign, and business process re-engineering. The characteristics of these approaches in-

clude similarities with BPR definitions of Fasna & Gunatilake (2019) even though the 

terms differ. All the terms introduced above are compiled and defined in Table 2.2.  
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Table 2.2 Terms and definitions of BPR and BPI according to literature. 

Broad 
term 

Detailed term Definition Characteristics According to 

BPR Process 
improvement 

A systematic meth-
odology to improve 
business pro-
cesses considera-
bly 

Gradual and incre-
mental, 
Low risk and easy 
to manage, 
Low disruptiveness 
in short term, 
Slow changes and 
final target 
achieved after a 
long time 

Fasna & 
Gunatilake 
(2019) 

Evolutionary BPR Incremental steps 
to a potentially rad-
ical process im-
provement 

Changes to the en-
tire organization 

Fasna & 
Gunatilake 
(2019) 

Revolutionary 
BPR 

A one-time process 
innovation to a rad-
ical and dramatic 
business improve-
ment 

A clean slate ap-
proach, 
Status quo 
changed by in-
tense disruption, 
Heavy financial 
commitment 

Fasna & 
Gunatilake 
(2019) 

Business process 
redesign 

A narrow focus of 
improvement within 
interdependent 
tasks and re-
sources of a pro-
cess 

Neutral concerning 
pace and size of 
change 

Limam 
Mansar & 
Reijers (2007) 

Business process 
re-engineering 

Restructuring an 
organization’s pro-
cess covering all 
aspects of the pro-
cess 

Involved with dras-
tic change pro-
grams, 
Can encompass 
multiple processes 

Limam 
Mansar & 
Reijers (2007) 

BPI Process 
improvement 

Continuous im-
provement with in-
dividual and small 
improvements 

Improvements 
within functional 
boundaries, 
Focus on improv-
ing the existing 
system 

Macdonald 
(1995) 

Process redesign Improvement of 
major cross-func-
tional business 
processes 

The most common 
way of BPR, 
Improving beyond 
existing processes 

Macdonald 
(1995) 

Business process 
re-engineering 

Fundamental re-
thinking of busi-
ness process for 
dramatic improve-
ments 

Remaining com-
petitive requires 
major break-
throughs that can-
not be achieved 
with continuous im-
provement 

Hammer 
(1990) 
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According to Gadd (1994), however, what all these concepts of process improvements 

regardless of their terminology have in common, is the focus on processes and the goal 

of improving the performance and design of processes. Similar idea is stated by Martin-

suo & Blomqvist (2010). According to Martinsuo & Blomqvist (2010) different types of 

process development include the same general steps which are the following: 

- defining the development scope, 

- process analysis and process re-modeling, 

- piloting and improvement, 

- launch and implementation, and 

- monitoring. 

Therefore, in this thesis process development as well as the terms of BPR and BPI are 

viewed as similar enough approaches justifying interchangeable use of these concepts 

in the scope of this thesis. Hereinafter the term BPR is used to represent the type of 

process improvement in question regarding the premise of this thesis. 

In addition to the terms and definition in Table 2.2, Povey (1998) includes benchmarking 

as a method for improvement in his study about BPR methodologies. Povey argues that 

benchmarking and process improvement have many similarities but can still be differen-

tiated. According to Povey (1998) benchmarking involves gathering external information 

about best practices while business process improvement is more concerned with as-

sessing and analyzing organization’s internal processes. However, as Povey (1998) in-

cludes benchmarking to his overall improvement methodology and does not treat the two 

as completely separate approaches, the same can be done in this thesis. 

BPR implementation 

Fasna & Gunatilake (2019) conducted a study to propose a thorough process model for 

BPR implementation. The study was conducted as a combination of literature review and 

case studies in four organizations from different industries: two apparel companies, a 

telecommunication service provider and a furniture company. The resulted extensive 

model of BPR implementation includes distinct activities to be executed in five steps and 

three phases throughout the process of BPR implementation. 

Povey (1998) developed a best practice BPR methodology based on literature and a 

survey for a range of 18 undisclosed European organizations. Major developments in his 

methodology compared to existing methodologies was the improved addition of human 

activity and change management aspects. Figure 2.3 illustrates a process model for BPR 
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implementation according to the works of Fasna & Gunatilake (2019) and Povey (1998). 

The complete step-by-step process model of Povey (1998) can be found in Appendix A. 

 

Figure 2.3 A comprehensive model for implementing BPR modified from Fasna 
& Gunatilake (2019) and Povey (1998). 

The first step of the three-phase implementation model is for discovering opportunities 

and preparing for business process re-engineering. This involves getting management 

and project participants committed to the BPR project. In order to get people involved, 

workshops could be arranged. The second step involves selecting the process to be re-

engineered which is presented as a separate sub-process in Figure 2.3. Analyzing all 

business processes of an organization and their improvement potential concurrently is a 

massive undertaking and demands tremendous resources. Therefore, prioritizing and 

sequencing of the process improvement initiatives is necessary. (Povey 1998, Fasna & 

Gunatilake 1998) 

It is helpful to map and analyze the existing state of the process. This is done to get an 

idea of the current efficiency, quality and performance to offer a baseline for improve-

ments and prevent repetitive mistakes in the re-engineered process (Khodambashi 

2013). According to Sikdar & Payyazhi (2014) new organizational reality is created during 

BPR and for creating this new reality it is necessary to understand existing organizational 

reality. Supporting that notion Cimalore (2017) states that it is important to understand 
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the current state of operations in order to define the target state which is a multistage 

operation that takes time and effort. 

Designing the target state constitutes the last step of the pre-implementation phase and 

includes re-engineering the process according to the previous steps. Developing a root 

definition of the process is important to understand the transformation as well as the 

inputs and outputs of the process. Designated process owners leading through the pro-

cess improvement need to be knowledgeable of the process and have authority in order 

to make and implement decisions. They must also establish competent teams to work 

alongside them. Considering all the people affected by the process such as customers, 

suppliers, operators, process owners, managers, and people in the upstream and down-

stream of the process flow help test the viability and possible sources of resistance. 

(Povey 1998) 

Designing the target state also includes identifying change levers. According to Hayes & 

Hyde (1998) before any transformational changing of a process, external and internal 

triggers for change need to be identified and defined explicitly in order to create aware-

ness of the need for change. Guimaraes & Paranjape (2013) emphasize detailed plan-

ning prior to implementation involving all requirements of the process such as human 

resources, tools, software, procedures and maintenance. Relating to the requirements 

of detailed planning of implementation Al-Mashari & Zairi (2000) and Zairi & Sinclair 

(1995) have compiled relevant tools and techniques of BPR from literature:  

- process visualization; a key in successful development of a process 

- operational research; an ideal method for any re-engineering task 

- information technology; acts as a powerful enabler 

- change management; a large task in re-engineering which also integrates the 

human element to the re-engineering process 

- benchmarking; allows the development and visualization of processes that are 

used in other organizations 

- industrial engineers; technical knowledge of processes is needed in BPR 

- process and customer focus; connects the process improvement methods in 

quality management and the customer perspective to BPR 

The second phase of the BPR implementation model involves the actual implementation. 

Impact of changes to the new way of working needs to be determined and informed to 

all stakeholders. In some cases, it may help ensure project success to emphasize that 

the old ways of working are not acceptable anymore. However, the target process may 
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cause fear among employees for many reasons. Employees that have got used to the 

old ways may have fears about their abilities to work with the new process, new technol-

ogies and in a new environment. They might also fear a loss of status or career path due 

to the new ways of operating. Therefore, proper way to communicate is deemed essen-

tial. (Povey 1998, Fasna & Gunatilake 2019) 

The change to the new way of working requires management and control. This includes 

providing training for personnel, making the needs and benefits of change clear for em-

ployees, and deciding how to deal with any non-conformities with the new process. In 

addition to the workers in the process, all the other stakeholders of the process are 

trained according to their roles in the process. Training employees is crucial in this step 

as it helps to reduce the amount of fear among employees. (Povey, 1998, Fasna & Gun-

atilake 2019, Martinsuo & Blomqvist 2010) 

After the BPR implementation comes the third and last phase of the model which is the 

post-BPR implementation. This includes management and measurement of the whole 

end-to-end process. Feedback of the process is gathered continuously to identify possi-

ble room for improvement. The improvements are then implemented accordingly to con-

tinuously improve the process. (Martinsuo & Blomqvist 2010) 

All the cases in the study of Fasna & Gunatilake (2019) shared the belief that empower-

ing process owners and process teams enable organizations to sustain and improve their 

re-engineered processes. Examples given for empowering employees are decision-mak-

ing power; knowledge and skill; conducting training and awareness programs; establish-

ing systems for process measurement and management as well as hiring, promotion and 

rewarding (Fasna & Gunatilake 2019). Important during the post-implementation phase 

is also that the top management further integrates the BPR project to organizational 

strategy. According to Dichter et al. (1993) a successful BPR initiative should be strate-

gically driven and supported by management as well as cross-functionally integrated. 

Martinsuo & Blomqvist (2010) note that the implementation of the new process needs to 

be supported by the whole organization’s ways of operating and the organization’s man-

agement system. 

2.2 Improvements by Digitalizing Industrial Quality Control Pro-
cesses 

Prior literature often connects improvements of industrial quality processes and digital 

technologies with new emerging technologies like artificial intelligence, machine learning 

or blockchain as well as predictive measures, sensors and tracking (e.g. Radziwill 2018, 

Küpper et al. 2019). However, this thesis focuses on using technology in process control 
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and using digital data instead of documents when analyzing processes for improve-

ments. This section provides applicable information within the scope of this thesis about 

improving quality control by digital technologies. 

The benefits of digital technologies in companies are usually expected in these following 

areas: improving customer experience and engagement, achieving more streamlined 

operations, and discovering new lines of business or business models. However, new 

innovative business model transformations are difficult and less prevalent according to 

participants of a survey arranged for managers of a wide range of industries. Not bene-

fiting from digital technologies mostly boils down to the lack of necessary characteristics 

of management and practical experience in driving technological transformations effec-

tively. (Fitzgerald et al. 2014) 

Digital technologies can be used in quality management in multiple ways. These tech-

nologies can enable, for example, process monitoring, real-time data collection, and an-

alytics. (Küpper et al. 2019) Analytics is often a challenge for companies in achieving 

better quality and according to Jacob (2017) 37% of the market identifies inadequate 

metrics as an important reason for not meeting quality objectives. Jacob (2017) intro-

duces a data analytics framework for digital quality which includes four categories of 

analytical approaches described in Table 2.3. 

Table 2.3 Framework for data analytics (Jacob 2017). 

Descriptive 
What happened 

Diagnostic 
Why it happened 

Predictive 
What will happen 

Prescriptive 
What action to 

take 

Monitor number of 
open quality events 

Monitor quality pro-
cesses to identify 
bottlenecks 

Monitor trends and 
apply to statistical 
process control 

Use sophisticated 
data to predict out-
comes 

 

Descriptive, diagnostic and predictive analytics can be utilized in traditional quality with 

traditional data. Prescriptive analytics utilize, for example, machine learning and artificial 

intelligence which can also be used together with the other analytical approaches to pro-

vide new insights in addition to traditional analysis. As the utilization of data and analytics 

has evolved, also visualization has evolved alongside. Visualization methods which in-

clude reports, charts and dashboards enable an effective way to interpret data. (Jacob 

2017) 

Another way to categorize quality measures is by distinguishing preventive methods and 

predictive methods. Traditional methods of quality management are considered preven-

tive, but they can be evolved to predictive methods with various technologies. (Lee & 

Youn 2015, Lee 2018) Preventive methods try to identify and eliminate problems that 
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may occur in the future, while predictive methods try to reduce costs by identifying when 

corrective actions are needed (Lee & Youn 2015, You 2017).  

Improved data collection and analytics have also affected decision-making procedures. 

In the past decision-making in quality management has been data-driven but ever since 

the improved methods a more evidence-based approach to decision-making is acquired. 

(You 2017, Lee 2018) Continuous data collection enables companies to be informed 

about poor quality, so that maintenance and production optimization can be implemented 

accordingly (Küpper et al. 2019). For example, through data analysis specific quality is-

sues can be identified between a single defective item and a systemic failure (Lee et al. 

2019). In addition, by tracking of machine performance, manufacturers can predict qual-

ity issues and fix machines before poor quality occurs. Data collection and analysis can 

also aid in supplier management. By analyzing data of inspections made at supplier fa-

cilities can issues and defects be identified which can then lead to further assessment of 

supplier risks. (Jacob 2017) Similar value-creating activities enabled by digital data col-

lection and analysis are listed by Radziwill (2018), the most significant activities being 

augmenting or improving human intelligence and increasing speed and quality of deci-

sion-making. 

A study by Lee et al. (2019) analyzed actual business cases in multiple industries on 

how predictive quality measures are used to provide operational efficiencies. A few of 

the companies studied in Lee et al. (2019) are similar mechanical engineering companies 

as the case organization of this thesis. The most interesting of which regarding this thesis 

was the case of BOSCH; a conglomerate operating in industries such as process tech-

nology, energy and building equipment, and automotive technology. According to Lee et 

al. (2019) BOSCH is a leading company in the implementation of predictive maintenance 

and quality control. BOSCH has implemented an activity for collecting various data from 

the production environment, combining and standardizing the data, and then analyzing 

as well as visualizing the data. This activity can improve production efficiency and reduce 

the occurrence of defects and errors, thus, reducing overall costs. 

A survey by Küpper et al. (2019) studied 18 industries in major industrial nations all over 

the world and collected data from 221 executives and quality managers in these indus-

tries. The study concurred that the digital technologies in quality management can pro-

vide improvements in the whole industrial value chain from logistics and procurement to 

after sales services. However, the most significance was found in the areas of production 

and research & development (Küpper et al 2019). These two are also within the business 

functions under examination in this thesis and thus the most interesting ones. Figure 2.4 
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points out the most important use cases in the whole value chain according to the survey 

participants. 

 

Figure 2.4 The most important use cases of digital technology in an industrial 
value chain according to the survey by Küpper et al. (2019). 

The survey participants of Küpper et al. (2019) mentioned digital standard operating pro-

cedures and data analysis to be the most important use cases of digital technologies in 

manufacturing. Digitalizing SOPs enables easy updating and ensures that workers have 

the most up-to-date instructions. Data analysis helps to find correlations between varia-

bles and to address problems by their root causes preemptively. (Küpper et al. 2019) 

According to the survey, the most important improvement and use case to research & 

development by digitalization of quality was agile product development. In addition, im-

proving preventive quality by digital technologies can aid product design by enabling 

elimination of potential failure points in products or processes. (Küpper et al. 2019) 

Another important notion of quality data digitalization is cross-functional collaboration. 

To enable cross-functional collaboration, quality data needs to be centralized within an 

organization. (Küpper et al. 2019) Establishing cross-functional collaboration in quality 

control processes is an essential aspect in the objectives of this thesis. More about this 

kind of collaboration is discussed in Section 2.3.2. 

2.3 Requirements for the Implementation 

This Section provides answers to what requirements does digitalization of a quality con-

trol process involve in terms of data systems and cross-functional collaboration. These 

two aspects are deemed as necessary developments in the premise of this thesis as the 

case organization is undergoing a BPR project for developing digital quality control. 
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2.3.1 Data Systems Requirements 
 

Data connectivity 

Connectivity of technologies, one of the aspects mentioned in Jacob’s (2017) framework 

introduced in Section 2.1.2, is important in digitalization of quality. In this sense connec-

tivity means the connection between business information technology and operational 

technology. Business IT (information technology) includes quality management system, 

enterprise resource planning (ERP) and product lifecycle management (PLM) whereas 

operational technology represents, for example, the quality control technology and pro-

cedures used in manufacturing. This means that connectivity is needed to bridge the gap 

between business IT and operational technology in order to have people and processes 

work together and enable effective, data-driven and bi-directional communication. (Ja-

cob 2017) 

The need for connectivity has resulted in standardization of enterprise control system 

integration in the form of ISA95. The purpose of ISA95 is to define the interface between 

control functions and other enterprise functions as well as to define information exchange 

to be safe, robust and cost effective. Risks, costs and errors should be reduced when 

implementing such interfaces in companies. (ISA 2020) 

Jacob (2017) explains connectivity between quality management and quality execution 

with the help of ISA95. He states that from the business IT perspective management 

needs to integrate business operations like quality plan, quality processes and quality 

management system to the operational technology. Executed processes and their sta-

tistics inform management through business IT systems, so that operational technology 

can be then managed, planned and improved accordingly. (Jacob 2017) 

Without proper connectivity core processes become fragmented and processes are con-

trolled with fragmented systems and data sources. This challenges companies in achiev-

ing quality objectives. (Jacob 2017) According to Hirsch-Kreinsen (2016) integration of 

new connected systems to the existing production structures and databases as well as 

migration of data is a massively costly and complex operation. Therefore, a major num-

ber of companies still opt to use the fragmented system approach in process control and 

utilize, for example, spreadsheets and documents. With the help of digital technologies 

companies should strive for connectivity of processes and systems. This would better 

enable data analytics and thus aid in continuous improvement of processes. (Jacob 

2017) 
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ERP systems are a great way to strive for connectivity in companies since they integrate 

the core processes of a company to a single system. For the same reason ERP imple-

mentation is a great opportunity for BPR implementation. A major reason for organiza-

tions to embark on a BPR initiative is to structure the business to be managed through 

cross-functional processes spanned across multiple departments and functions. ERP 

systems can enable this as they integrate databases, data flows, and other systems 

which alongside integrates departments and functions and that helps organizations to 

achieve a true process focus. Information is collected in the ERP system database and 

is accessible to any person within the organization that the information might interest. 

(Sun 2002, Huq et al. 2006) 

Many ERP systems include a quality management module. However, it is also common 

to have quality management separate from the ERP system. (Sun 2002) The basis of a 

quality management module of a popular ERP system, SAP R/3, is explained in Sun 

(2002) and illustrated in Figure 2.5. It is noteworthy, however, that the study of Sun can 

be a fairly dated one since ERP systems have evolved since the year 2002. Neverthe-

less, the model of Sun (2002) provides an applicable source of information about the 

ERP system’s quality module regarding this thesis. 

 

Figure 2.5 Basics of quality inspection in the ERP system (modified from Sun 
2002). 
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Quality inspection data 

Quality inspections is in the center of a quality management module since almost all the 

other functions of the module connect to the quality inspection. Before determining the 

specific quality inspections for different inspection types, however, planning of the in-

spection procedures and creating the basic data for inspections needs to be done first. 

These steps include, for example, determining inspection characteristics, inspection 

methods and sampling procedures. (Sun 2002) In addition to the quality inspection re-

lated data, processes in an ERP system involve various production planning and execu-

tion related data that affects quality management such as material masters, bill of mate-

rials, work centers and operation routings (Samaranyake 2008). These kinds of data are 

also presented in Figure 1.3 about integrating quality control with product lifecycle man-

agement in the case organization. 

Quality inspections need also other data than the ERP system provides. A PLM system 

enables the management of all information about a product and its related processes 

throughout the product’s lifecycle such as product design, production process design, 

procurement and installation. There is also a system for product data management 

(PDM) which enables the management of all the information about a product and its 

specifications. (Aleksandrova et al. 2018) A case of a company implementing a PLM-

based quality system is discussed by Cimalore (2017). The PLM-based system enabled 

a more efficient and connected environment that simplified tracking and managing of 

information. Also, with the new system sharing of data across the company became eas-

ier. (Cimalore 2017) 

Quality management module in the ERP system is different to other modules like pro-

duction and sales as quality procedures like quality inspections are executed by other 

departments in addition to the quality department. The workers of, for example, material 

management and production execute quality inspections when necessary alongside their 

own daily activities. Therefore, even though quality is planned and administered by the 

quality department, responsibility of quality is involved with also other departments of an 

organization. (Sun 2002) Therefore, quality processes require cross-functional collabo-

ration which is discussed in the next Section. 

Data management 

All the aforementioned system data produces a need for proper data storing and man-

agement as well as documentation. Quality information systems (QIS) are used to col-

lect, process, store and transmit quality data for future access and retrieval. These sys-
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tems are designed and implemented to an organization based on the organization’s ob-

jectives, structure and processes regarding quality. In general, development of QIS has 

three components which are data, data flows and processing logic of data. Data needs 

to be correct to provide the right information and flow to the right place at the right time 

with a predefined processing logic. Therefore, information needs to be checked and ver-

ified. Also, access to the data needs to be strictly controlled so that the information stays 

secure. Processing logic of data determines the steps that transform and move data and 

describes the triggering of these steps. (Sower 2011, p. 124) 

Quality documentation systems holds a large amount of data since all procedures are 

documented. However, that data might not be easily converted into information. In order 

to do that, the data needs to be understood and accurately tracked, statistically analyzed, 

and reported in a concise and understandable way (Sower 2011, p 128). 

It is important to find critical information from the data reports so that necessary actions 

can be made in a timely manner. Reports can take two different routes in an organization. 

In vertical reporting, reports are sent to the supervisors, managers and executives to 

inform about problems, corrective actions being made, and results of the actions. This 

way the management can plan for the overall quality and processes of the organization. 

In horizontal reporting, information is sent to the people directly affected by the quality 

problems. This way problems can be tackled at the root cause. Horizontal reporting has 

led to the evolvement of quality teams, either functional or cross-functional. Often these 

teams include even customers and suppliers to obtain the complete quality process 

through the life cycle of a product. (Sower 2011, p 128) 

Sower (2011, p. 125) introduced a system development life cycle to design an infor-

mation system to meet the needs of an organization which contains the following parts: 

(1) identifying the project, (2) project initiation and planning, (3) analysis, (4) logical de-

sign, (5) physical design, and (6) implementation and maintenance. This follows the 

aforementioned three key components of QIS - data, data flows and processing logic as 

well as the data and documentation needs of quality procedures stated above. 

2.3.2 Cross-Functional Collaboration Requirements 
According to Jacob (2017) and his quality 4.0 framework introduced in Section 2.1.2, 

collaboration in quality management is crucial since quality functions in organizations are 

inherently cross-functional. Collaboration needs to be cross-functional between different 

departments of the organization as was discussed in the preceding Section regarding 

quality procedures like quality inspections. One expert phrased in the survey by Küpper 

et al. (2019) that all functions of an organization need to have ‘skin in the game’ regarding 
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quality. Moreover, Küpper et al. (2019) point out that collaboration is also needed be-

tween chief executives and quality function when digital transformation of quality is 

worked on in the organization. 

Sower (2011, p. 340) discusses about employee involvement and quality teams, and 

states that employee involvement is one key principle in total quality management. Em-

ployees are often involved in development work in teams which vary based on the pur-

pose of the teams. Quality teams can be implemented within a functional area or within 

a broader spectrum as the aforementioned cross-functional team which enables a 

broader set of knowledge, experience and skills. Digitally mature companies (defined in 

Section 2.1.2) recognize the significance of collaboration and are more likely to utilize 

cross-functional teams when implementing digital initiatives compared to their less digital 

counterparts (Kane et al. 2015).  

Cross-functional collaboration provides major quality improvements in the value chain of 

organizations as was stated by Küpper et al. (2019). These use cases that were also 

illustrated in Figure 2.4 are centralization of quality data, end-to-end quality management 

system, and quality cost transparency. Centralized data and collaborative information 

sharing provide valuable insights and enable to identify critical problem areas. (Küpper 

et al. 2019) 

As business models and products are becoming more complex, a siloed view on busi-

ness processes is increasing in large organizations. The siloed approach might seem to 

ease management in a complex environment, but it impedes knowledge sharing and 

innovation and therefore could be a showstopper for improving collaboration. The need 

for collaboration and cross-functional integration becomes even more apparent in BPR 

initiatives when organizations are transformed. Integration is needed to align people and 

organizational culture during BPR when transforming organizations from a silo-based 

functional culture to a process-based culture. (da Silva et al. 2012, Kane et al. 2015, 

Jacob 2017) According to Huq et al. (2006) a process-based approach helps rationaliz-

ing organization-wide results over functional ones. However, according to Palmberg 

(2010) a change from a functional structure to a completely process-based structure in-

creases responsibility of employees which puts pressure on them and thus can hinder 

implementation of BPR. Kane et al. (2015) mentions another important aspect in organ-

izational transformations relating to collaboration which is listening to the people of the 

organization for new ideas and new talents. 

The organization-wide ERP system as a means for connecting multiple functions of an 

organization was discussed in the previous Section. This kind of connectivity makes the 
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ERP system a great platform for improving cross-functional collaboration in BPR initia-

tives. Sun (2002) noted that when it comes to quality processes in an ERP system, it is 

difficult to determine the responsibilities of different functions relating to the quality pro-

cess. However, the aforementioned process-based approach instead of the silo-based 

functional approach can provide solutions to that problem. 

Implementation of re-engineered processes to the ERP system requires process under-

standing. However, only distinct functions of an organization have that kind of deep un-

derstanding of their processes to determine the technical structure of the process to the 

ERP system for strategic, tactical and operational advantage. This can be seen as a 

significant need for collaboration when the inherently cross-functional processes of qual-

ity are implemented to the ERP system. Other kinds of team work are also needed when 

implementing processes to the ERP system. Team work bridges the gap between top 

management and other levels in the organizational hierarchy. Assigning responsibility to 

employees in such teams helps improving process implementation as it increases em-

ployee ownership. (Huq et al. 2006) 

2.4 Challenges of the Implementation 

A successful BPR project is no easy feat as, according to Champy (1995), studies have 

shown that as many as 70 % BPR initiatives have failed. A study about the impact of 

BPR on manufacturing firms states that on average the ineffectiveness of BPR projects 

is due to poor planning or unexpected problems during the implementation phase 

(Guimaeres & Bond 1996). This Section covers, according to literature, the most im-

portant challenges of BPR projects as well as other similar change projects related to 

the premise of this thesis which are digital transformation and BPR projects related to 

digitalization of quality and ERP implementation. 

Grover et al. (1995) conducted an extensive study based on literature research, inter-

views and a survey to identify the most significant problems related to the implementation 

of re-engineered business processes. The study included 239 organizations of which 

105 had conducted at least one BPR project. Almost a third of the organizations operate 

in manufacturing and the remaining organizations represent a broad range of other in-

dustries such as banking, insurance and distribution. 

Based on the results Grover et al. (1995) categorized distinct problems and rated them 

according to problem severity and correlation with success of a BPR initiative. The suc-

cess of BPR was described with a list of success factors consisting of the following: 

overall success, cost reduction, cycle-time reduction, increase of customer satisfaction, 
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increase of productivity, and reduction of defects. Table 2.4 provides a list of the problem 

categories sorted according to the scale of severity and correlation with success. (Grover 

et al. 1995) 

Table 2.4 Ranking of problems in BPR implementation according to Grover et 
al. (1995). 

Problem category Severity level Average correlation with all 
success factors 

Change management High High 

Technological competence High Low 

Strategic planning High Low 

Time frame High Low 

Management support High Low 

Human resource Low High 

Process delineation Low High 

Project management Low High 

Tactical planning Low High 

 

The findings of Grover et al. (1995) presents interesting insights. Change management 

is the only category that resulted in high levels of both severity and correlation with suc-

cess. Other categories have contradiction between the two assessment criteria. For the 

contradictory problem categories this means that while problems might be severe and 

difficult to manage, they still may not have a major effect on BPR success. On the other 

way around, problems that may be less difficult to manage can pose a greater threat to 

BPR success. 

According to Table 2.4 change management is the most critical problem category when 

implementing BPR in an organization. Some distinct difficulties of change management 

mentioned in Grover et al. (1995) are anticipating and planning for change resistance, 

communicating reasons for change, and achieving cross-functional collaboration. Some 

difficulties categorized under management support that relate to change management 

are communication between BPR members and other members of the organization, 

gaining control of BPR efforts, modeling and simulating changes, and assessing BPR 

performance. Difficulties of human resources have also linkages to change management 

and one of these mentioned is training for personnel affected by BPR. (Grover et al. 

1995) 

Al-Mashari & Zairi (1999) conducted a literature research on factors affecting BPR im-

plementation and categorized the factors in problem areas similarly to Grover et al. 

(1995). These problem areas were: 

- change management 

- management compentency and support 
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- organizational structure 

- project planning and management 

- IT infrastructure. 

The list of problem areas determined by Al-Mashari & Zairi (1999) bears much resem-

blance to the list of Grover et al. (1995) in Table 2.4. Both lists of problem areas contain 

similar distinct difficulties of BPR but some of these difficulties are just assigned to dif-

ferent problem areas. For example, Al-Mashari & Zairi listed needs and objectives of the 

re-engineered process under project planning and management whereas Grover et al. 

compiled similar difficulties to a separate problem area of process delineation. The com-

plete list of Al-Mashari & Zairi contains an extensive list of distinct difficulties categorized 

in subgroups within each problem area that could be used, for example, as a checklist 

for companies when implementing BPR. 

The works of Grover et al. (1995) and Al-Mashari & Zairi (1999) illustrate clearly that the 

success or failure of a BPR project in an organization is greatly determined by activities 

and performance of the organization’s management. Effective leadership and manage-

ment are needed to achieve proper alignment and integration within the organization. 

Strategies of BPR and technology needs to be integrated to the corporate strategy. Op-

erational level activities like project planning, process planning, and HR (human re-

sources) need alignment in order to achieve, for example, proper communication, train-

ing, collaboration and progress monitoring (Grover et al. 1995, Al-Mashari & Zairi 1999). 

Appelbaum & Lee (2000) and Grover et al. (1995) point out some possible causes for 

not achieving proper alignment which are rigid hierarchical structures as well as low com-

petence and commitment of managers. 

According to Champy (1995) BPR failures are mainly caused by a lack of integration 

between the BPR initiative and corporate change strategy. One reason for this lack of 

integration is stated to be an overemphasis of information technology and its immense 

portfolio of opportunities and solutions while neglecting the soft systems of management 

(Carr 2003, Cooper & Markus 1995, Scheepers & Scheepers 2008). Moreover, Trkman 

(2010) states that not considering linkages between the hard and soft factors of man-

agement is the main reason for BPR failures. 

Sikdar & Payyazhi (2014) conducted a case study of two companies operating in different 

industries implementing BPR. One of the case companies is an oil and gas producer 

while the other company is an IT service provider. However, problems of BPR implemen-

tation similar to the results of Grover et al. (1995) and Al-Mashari & Zairi (1999) were 

found in both of the case companies. Even if technical dimensions of the BPR were well 
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though-out, implementation of BPR failed because of lack of alignment between culture, 

process, tasks and roles (Sikdar & Payyazhi 2014). 

The oil and gas company experienced a lack of continuous engagement by management 

through the BPR project. Even though, the new process was thoroughly communicated 

within the organization and supported by management in the beginning, the initial mo-

mentum was not carried out through the duration of the whole project. Also, while the 

information about what is to be changed was communicated through the organization, 

the information about why and how to change was insufficient. (Sikdar & Payyazhi 2014) 

Similar change management issues were found also in the other case organization. In 

this company the technical dimensions of the change were addressed carefully but 

needs of change management were underestimated. This resulted in the personnel be-

ing unaware of the rationale of the change. This poor understanding led to even more 

resistance towards the change. In addition, not enough time was allocated to training 

which increased anxiety among the employees. (Sikdar & Payyazhi 2014) 

In digital transformations, Fitzgerald et al. (2014) identify issues with management as 

significant barriers similarly to the aforementioned challenges in BPR. According to the 

survey results of 1559 executives and managers from a broad range of industries, the 

main management related issue in organizations’ digital transformations is having no 

sense of urgency for the transformation. If an organization’s top management has a clear 

vision and a road map for digital transformation and shares them successfully across the 

organization, most employees will agree with management’s urgency about the transfor-

mation. However, developing such a road map can be challenging as digital transfor-

mation can take many forms. (Fitzgerald et al. 2014) 

Institutional challenges also inhibit digital transformation of organizations according to 

Fitzgerald et al. (2014). These challenges relate to negative attitudes towards digital 

technologies, existing IT systems that may be difficult to update, innovation fatigue, and 

politics. Employees of old age seem to be less enthusiastic about new digital technolo-

gies which could be just stereotyping and not a real issue, but legitimate issues in organ-

izations are raised by the old age of IT systems and their updating. Innovation fatigue of 

employees, regardless of their age, can impede digital transformation as employees can 

get tired of fast-paced innovation when keeping up with the newest technologies. Driving 

digital transformation in organizations often needs organizational restructuring which 

may be difficult considering the organization’s political situation and culture. For instance, 

digital transformation can form clashes of culture through having competing priorities 

within departments and individuals of the organization. (Fitzgerald et al. 2014) These 
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kinds of institutional challenges coincide with the problem area of organizational struc-

ture in BRP implementations noted by Al-Mashari & Zairi (1999). 

Kane et al. (2015) identifies lack of integration between process design and corporate 

strategy as a significant barrier to digital transformation. This is the case for organizations 

that are in an early stage of digitalization. Digitally developing organizations also struggle 

with lack of strategy but the top barrier for them is having too many competing priorities. 

The top barrier also for digitally maturing organizations is having too many competing 

priorities while security concerns also come up as a significant barrier. (Kane et al. 2015) 

Similarly to BPR, technological changes like digital transformation, would need to be 

implemented with a holistic and integrated approach that involve aligning the organiza-

tion’s HR practices and strategic deliverables (Sikdar & Payyazhi 2014). 

Also, the challenges of implementing digital quality processes are found similar to the 

aforementioned problems. According to Küpper et al. (2019), while the biggest challenge 

for implementation of digital quality is shortage of digital skills, the following most signif-

icant problems relate to unclear strategy and culture. According to Cimalore (2017) trans-

formations of quality need to be aligned with strategy. Other challenges described by 

Cimalore (2017) related to technology include outdated systems and fragmentation of 

data which are also similar to the situation in the case organization of this thesis as in-

troduced in Section 1.2. Küpper et al. (2019) also note differences between frontrunners 

and followers of digital quality implementation. To frontrunners, that are further in the 

implementation, technology and data related challenges become more evident as the 

implementation moves forward. To followers, challenges of strategy and culture prove to 

be more significant and deter followers from even attempting the implementation. (Küp-

per et al. 2019) 

Challenges of ERP driven BPR which is the premise of this thesis are uniform to the 

challenges discussed in this section. ERP driven BPR induces changes of large scale, 

and this requires alignment and integration of the changes and strategic objectives of 

the company. These changes often affect the organization’s structure, culture and man-

agement process. Another challenge is the ERP system itself and the need to navigate 

the system properly. (Worren et al. 1999, Al-Mashari & Zairi 2000) 

2.5 Leading the Transformation 

This Section presents multiple process models and frameworks for leading transfor-

mations in organizations executing BPR or similar change projects. The challenges of 
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implementing such changes were found in the preceding Section to mainly involve or-

ganizational alignment and change management. 

2.5.1 Organizational Alignment 
Sikdar & Payyazhi (2014) introduced a comprehensive framework for achieving align-

ment and managing organizational change during BPR. The multiple aspects of that 

framework are introduced in this section to guide the way when transforming business 

processes. The foundation of the framework begins from the notion that change not only 

affects the technical dimension but also the human dimension of behavior and interac-

tion. Therefore, implementation of BPR involves a subprocess depicting the organiza-

tional change which runs alongside the technical re-engineering process of workflow de-

sign. The organizational change subprocess includes the aspects of strategy, task, struc-

ture, roles, culture, resources, systems, and allocation whereas the technical workflow 

design process consists of identifying the new value chain, workflow design, and execut-

ing the new value chain. Alignment is needed between these two processes as illustrated 

in Figure 2.6. (Sikdar & Payyazhi 2014). 

Sikdar & Payyazhi (2014) also point out the need to achieve external and internal align-

ment regarding the linkage between strategy and operations. Similar notions are also 

provided by Dichter et al. (1993) and Martinsuo & Blomqvist (2010). All of this raise mul-

tiple questions for management about how to achieve such organizational alignment. 

 

Figure 2.6 Alignment needed between organizational change and technical re-
engineering (Sikdar & Payyazhi 2014). 
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Sikdar & Payyazhi (2014) continue their framework for BPR implementation utilizing the 

works of Kettinger & Guha (1997) and Higgins (2005). This part of the framework by 

Sikdar & Payyazhi is shown in Table 2.5. Kettinger & Guha introduce three phases of 

the implementation divided into six stages that represent steps in BPR. Each of these 

stages then have some activities to be made. The first phase which is the conceptual 

phase is for aligning the process value chain to the strategic objectives. The next phase 

is for designing new workflows and linkages for implementing the new value chain con-

cept. Finally, the execution phase involves rolling out the new design. 

Higgins (2005) developed a model for evaluating strategy which states the eight key 

factors needed to be aligned with the organization’s strategy to achieve strategic perfor-

mance. Higgins’ model is used here to address organizational change alignment during 

Kettinger & Guha’s three phases of BPR. 

Table 2.5 Activities and alignment factors for the phases of BPR (Sikdar & Pay-
yazhi 2014). 

Phases Stages Activities Alignment factors 

Conceptual Envision Establish commit-
ment and vision, 
Discover BPR oppor-
tunities, 
Select processes 

Strategy 

Initiate Inform stakeholders, 
Organize teams, 
Plan project 

Shared values, 
Resources 

Workflow design Diagnose Document and ana-
lyze current state 

Structure 

Redesign Prototype and de-
tailed design of tar-
get process, 
Analyze and design 

Structure, 
Systems and pro-
cesses 

Execution Reconstruct Reorganize HR 
roles, 
Train users 

Leadership style, 
Staff 

Evaluate Evaluate perfor-
mance, 
Continuous improve-
ment 

Strategic perfor-
mance 

 

The framework continues with utilizing the work of Harmon (2007) which states that man-

aging of BPR involves three levels of management: enterprise level, process level, and 

activity level. The three levels of management are needed since they differ in partici-

pants, methodologies and types of support. Objectives and key tasks of the three man-

agement levels are presented in Table 2.6. 

  



37 
 

Table 2.6 Roles of management levels in BPR (Sikdar & Payyazhi 2014). 

Management level Objective Key tasks 

Enterprise level Define goals and measures 
for organizational success 

Strategic positioning, 
Define process architecture, 
Measure performance, 
BPR governance 

Process level Define goals and measures 
for process success 

Create BPR projects, 
Budgeting, scheduling and or-
ganizing resources, 
Define responsibilities, 
Monitor process 

Activity level Define goals and measures 
for activity success 

Job design, 
Develop training, 
Knowledge management, 
IT development 

 

The primary role of the enterprise level management is concerned with achieving organ-

izational alignment. The enterprise level managers envision the value chain and the stra-

tegic objectives during the conceptual phase of BPR. They also create shared under-

standing about the new business process and its strategic goals within the whole organ-

ization. This requires getting acceptance of the process and activity level managers to 

drive the behavioral change of BPR. Enterprise level managers can allocate resources 

towards the new value chain and the new process having the acceptance of the other 

level managers. Alignment factors of Table 2.5 that are utilized by the enterprise level 

management are strategy, shared values and resources. (Sikdar & Payyazhi 2014) 

Process level managers form details to the conceptualized value chain and design its 

workflows and interactions. Therefore, process level managers’ role in seeking alignment 

involves the factors of structure as well as systems and process from Table 2.5. BPR 

would impact structural relationships within departments of an organization and cause 

the need to redirect existing relationships and to forge new ones. Similar impact would 

materialize to existing systems, so modifying them is necessary to align systems and 

processes according to the changes caused by BPR. (Sikdar & Payyazhi 2014) 

Activity level managers are concerned with the details of the operations such as the 

rules, roles and methods of each task in the new workflow. Responsibilities of activity 

level managers include training staff, aligning behavior with the shared values propa-

gated by the enterprise level management, and developing operational measures that 

align with strategic goals. For example, activity level managers should identify employ-

ees that can bridge the gap between the old operational doctrines and the new opera-

tional doctrines. This would help align other employees’ capabilities and attitudes. There-

fore, staff, leadership style, and strategic performance are the alignment factors of Table 

2.5 that are involved in the work of activity level managers. (Sikdar & Payyazhi 2014) 
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2.5.2 Change Management 
According to Povey (1998) change management is hardly addressed in common busi-

ness process improvement methodologies. Povey states that in most organizations 

change management activities are often discontinued after the new process has been 

designed or pilot tested. However, change management is regarded in Section 2.4 as 

the most significant challenge when implementing BPR. 

Huq et al. (2006) studied organizations undertaking BPR alongside ERP system devel-

opment and the challenges of change management the organizations faced during the 

BPR implementation. The study included three case organizations, a hospital, a global 

consumer company and a global consulting company, each implementing an ERP sys-

tem to improve and streamline their processes. As the operating environment of this 

thesis involves the case organization having similar initiative, the results of Huq et al. 

provide worthy information. 

Table 2.7 states, according to Huq et al. (2006), the six most relevant challenges related 

to change management in ERP driven BPR projects and means to handle the chal-

lenges. These six aspects of change management are then discussed separately ac-

cording to Huq et al. (2006) as well as other literature based on the scope of this thesis 

including digital transformation and quality process development driven by ERP imple-

mentation. 

Table 2.7 Challenges of change management and solutions for them (Huq et al. 
2006). 

Issue Solution 

Leadership Deep commitment to the project, 
Demonstrate purpose of the project, 
Offer realistic previews of outcomes and 
changes 

Barriers to change Identify barriers, 
Obtain employee support, 
Coach employees to operate with the new 
process 

Communication Plan carefully, 
Use multiple media and different channels, 
Enable employees to provide feedback, 
Develop end-user documentation and tech-
nical manuals 

Implementation and control Collaboration, 
Align processes with systems 

Culture Establish new standard 

Change review Determine critical success factors, 
Utilize process mapping tools, 
Develop contingency plans, 
Recognize system defects 
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Leadership.  Zairi & Sinclair (1995) state that leadership is the most important facilitator 

in large transformations. This is also supported by case studies of Huq et al. (2006). Also, 

Cimalore (2017) identifies the same in developing quality processes. 

Literature provides contradicting approaches for leading through transformations. Ac-

cording to Fitzgerald et al. (2014) and Kane et al. (2015) digital transformation needs to 

be led by the top management. However, Sikdar & Payaazhi (2014) argue that in order 

to achieve the proper alignment a process transformation like BPR needs, the activities 

should begin at a unit or department level through aligning tasks which are then inte-

grated across the organization. Therefore, a bottom to top type of approach to leadership 

is implied. 

Leadership is needed to develop a mission statement and to define shared values, roles, 

responsibilities, and expected outcomes. If employees have unrealistic expectations it 

could raise resistance to change. Management should clarify that the purpose of ERP 

development driven BPR is not originating only from information system related needs 

but also from market needs. (Huq et al. 2006) This relates to the statement of Fitzgerald 

et al. (2014) that a type of challenge causing transformation failures is not developing a 

business case for the transformation. The case studies of Huq et al. (2006) demonstrate 

that commitment of management is needed for the whole duration of the project. 

Improving and transforming quality processes, according to Cimalore (2017), begins with 

engaging quality processes across functions of an organization and ensuring that the top 

management regards quality as a high priority. Also, Küpper et al. (2019) emphasize the 

need for leadership when implementing digital quality operations. They point out some 

crucial skills for quality managers to drive the implementation of quality digitalization 

which are communication, change management and long-term strategic planning. Simi-

lar necessary leadership skills for quality digitalization are listed by Radziwill (2018). 

These are systems thinking, data-driven decision making, leadership for organizational 

learning, continuous improvement in processes, and understanding how decisions affect 

people. Radziwill (2018) further emphasizes the importance of the last skill in the list. 

Soft skills similar to this are noted important for overall success also by Küpper et al. 

(2019). Palmberg (2010) promotes a combination of hard and soft approaches for lead-

ing transformations. 

Barriers to change. Organizations are composed of individuals and groups that have 

different preferences and interests. When changes are planned due to BPR it is evident 

that at least some of these preferences and interests become threatened, and therefore 

resistance to change is bound to happen. These barriers to change can be, for example, 
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fear of loss of authority and control, company politics, and barriers to education. Com-

pany politics can also be regarded as an advantage when diminishing these barriers. 

This advantage can be utilized by obtaining the support of well-known individuals of the 

company, the politically powerful, and the opinion leaders. (Huq et al. 2006) Identifying 

these kinds of influential people to be used in staff training and bridging the gap between 

old and new procedures was also mentioned above when discussing the activities of 

activity level managers. Support of employees according to Fitzgerald et al. (2014) can 

also be gained by aligning incentives with the transformation. Often these incentives are 

based on soft factors like recognition and personal advancement rather than financial 

incentives (Fitzgerald et al. 2014). The BPR implementation model of Fasna & Gunatil-

ake (2019) introduced in Section 2.1.3 also support the notion that incentives like pro-

motion and rewarding sustain and improve BPR in organizations. 

Communication. Effective communication can reduce confusion and thus diminish re-

sistance. The communication plan, however, must be crafted carefully to have enough 

time for the employees to get used to the BPR project, to capture employee attention 

repeatedly, and to give employees a chance to offer opinions, comments and sugges-

tions. (Huq et al. 2006) If different views of the people involved in or affected by the 

changed process are not gathered, it will be impossible to test the process for its tech-

nical desirability and cultural feasibility (Povey 1998). Evidence of discrepancy between 

current and target state of the process under change should be provided for stakeholders 

of the process in order to increase readiness for change. To achieve further change 

readiness the process stakeholders can be engaged in the process development to in-

crease their sense of control over the outcome. (Armenakis & Harris 2002) In addition, 

Mumford (1995) states that empowering employees in BPR increases the effectiveness 

of implementation as it promotes self-management and collaborative teamwork. 

Implementation and control. For proper implementation and control team building is 

imperative. Collaboration of different teams is needed to understand the operational as-

pects of the business process as well as the technical functionalities of the ERP software. 

(Huq et al. 2006) 

Culture. According to Davenport (1993) a successful implementation of a new business 

process requires efforts in terms of organizational structure, culture and management 

processes which involve the human aspect of management as work relationships be-

tween stakeholders of the changed process are affected. Cultural factors also play a part 

when employees need to accept and learn new operational standards which takes a long 

time depending on the behavior and culture of the organization. Especially ERP driven 

BPR needs cultural transformation in order to have the new ways of working become 
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pervasive. The creation of culture needs to be supportive of the new operations imple-

mented in BPR. (Hug et al. 2006) 

Change review. Change review of the implementation of ERP driven BPR should con-

sists of comparing progress to the set timeline, assessing ERP system compatibility 

across functional boundaries, and planning for any unforeseen obstacles. Process map-

ping tools can be used both for portraying the abilities of the re-engineered process in 

relation to other processes and for fool-proofing the process. For example, the PDCA 

tool (Plan Do Check Act) can be used. (Huq et al. 2006) 

2.6 Synthesis Framework for the Implementation 

The synthesis framework for process re-engineering, implementation of the re-engi-

neered process and the post-implementation phase is gathered from the models and 

frameworks of Fasna & Gunatilake (2019), Sikdar & Payyazhi (2014), Huq et al. (2006) 

and Povey (1998). Povey’s (1998) methodology for business process improvement of-

fers similar notions as the framework of Sikdar & Payyazhi (2014) and the process model 

of Fasna & Gunatilake (2019) introduced in Section 2.1.3. Nevertheless, Povey’s meth-

odology emphasizes activities to be made post-implementation to a greater extent than 

those of Sikdar & Payyazhi and Fasna & Gunatilake. A study by Küpper et al. (2019) 

reaches similar conclusions about the necessary steps in an implementation project in-

volving digitalization of quality. 

Each of the models utilized here are formed based on studies conducted in varied busi-

ness environments. However, according to Fasna & Gunatilake (2019), BPR projects 

tend to be similar in nature or have just minor differences regardless of the environments 

or organizations they are conducted in. Nevertheless, it is worth pondering the applica-

bility of the findings from these studies to the situation and objectives of this thesis. 

Case organizations in the study of Fasna & Gunatilake (2019) operate in apparel pro-

duction, telecommunication services as well as furniture and interior design solutions. 

These do not have much industry specific similarities with the case organization of this 

thesis. However, similarities come in a sense that some of the case organizations con-

ducted BPR for support processes by internal re-engineering teams which is the ap-

proach used also in the case organization of this thesis. 

The BPR projects in the study of Sikdar & Payyazhi (2014), despite the case companies 

being in different industries, bear much resemblance to the situation of this thesis as both 

companies are implementing digital processes. One company is developing a digital pro-

cess that involves multiple departments and emphasizes IT integration. The BPR project 
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in the other company tackled problems of inefficiencies due to manual work, ineffective 

data exchange, and lack of real-time information on utilization of resources. These char-

acteristics fit extremely well to the development and implementation of the ERP-based 

digital quality control process in this thesis. 

Two out of three case companies in the study of Huq et al. (2006) are global companies 

undergoing ERP driven BPR implementation. Integration of processes and ways of work-

ing globally through ERP implementation is also a goal for the case organization in this 

thesis. In addition, also the non-global company in the study was seeking to achieve 

more process-focus over functional focus through the BPR implementation. However, 

the scopes of BPR projects in these companies were much broader than the scope in 

this thesis. 

Studies of Grover et al. (1995), Povey (1998) and Küpper et al. (2019) included extensive 

surveys involving multiple industries which entails that the findings of these studies can 

be generalized in different situations and environments. Moreover, manufacturing com-

panies have been a focal point in studies of Grover et al. (1995) and Küpper et al. (2019), 

and therefore industrial companies similar to the case organization of this thesis were 

most likely included in the studies. 

All in all, the BPR implementation models utilized in the synthesis framework can provide 

valuable information and insights to this thesis and the case organization. As the source 

models of the synthesis framework involve steps of process development in a broad 

sense and not related to a specific process, the steps can be easily implemented to the 

situation of this thesis as well. Managing of BPR implementation and changes caused 

by it can be generalized for many situations as discussed in previous Sections, and 

therefore similar approaches can be implemented in this thesis and the synthesis frame-

work. 

The synthesis framework is compiled in two parts. The first part is a flowchart consisting 

of phases and tasks for different levels of management. The second part is a table that 

provides supporting information to the tasks in the flowchart. The flowchart is presented 

in Figure 2.7 and the supporting information in Table 2.8. 
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Figure 2.7 Tasks for enterprise, process and activity level managers in phases 
of BPR implementation. 

The 12 essential tasks in the framework in Figure 2.7 are compiled from the BPR imple-

mentation models of Figure 2.3, Table 2.5 and Appendix A. The tasks are sectioned into 

four phases: conceptual phase, workflow design phase, implementation phase, and 

post-implementation phase. The phases of the framework are compiled from Figure 2.3 

and Table 2.5. The tasks are assigned to certain levels of management from Table 2.6 

which are the enterprise level, the process level, and the activity level. When multiple 

levels of management are needed to complete certain tasks in the flowchart, such tasks 

cover areas of each corresponding levels of management. 

The supporting information in Table 2.8 consists of certain aspects of change manage-

ment as well as the type of alignment subprocess and alignment factors that are involved 

in the tasks of Figure 2.7 and thus attached to the tasks accordingly. The aspects of 

change management attached to the tasks come from Table 2.7, the alignment subpro-

cesses from Figure 2.6, and the alignment factors from Table 2.5. 
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Table 2.8 Change management and alignment involved in the tasks of the syn-
thesis framework. 

Task Involved change 
management aspects  

Aligment subprocess Alignment factors 

1. Leadership, 
Barriers to change, 
Communication 

Change Strategy 

2. Implementation and control Technical Strategy 

3. Barriers to change, 
Implementation and control 

Change Shared values, 
Resources 

4. Barriers to change, 
Implementation and control, 
Change review 

Technical Structure 

5. Leadership, 
Implementation and control, 
Change review 

Technical Structure, 
Systems and processes 

6. Barriers to change, 
Communication, 
Culture, 
Change review 

Technical Structure, 
Staff 

7. Communication, 
Implementation and control 

Technical Resources, 
Structure, 
Systems and processes 

8. Barriers to change, 
Communication, 
Culture 

Change Leadership style, 
Staff 

9. Implementation and control, 
Change review 

Technical Leadership style, 
Systems and processes, 
Strategic performance 

10. Implementation and control Technical Systems and processes, 
Staff 

11. Change review Technical Systems and processes, 
Strategic performance 

12. Change review Technical Strategic performance, 
Strategy 

 

Gaining the organization’s commitment in the beginning of a BPR initiative is emphasized 

in all the source models of the synthesis framework. Povey (1998) emphasized the active 

involvement of top management which is also one of the solutions to leadership problems 

when it comes to change management issues described by Huq et al. (2006). Identifying 

opportunities and selecting suitable processes for re-engineering are further described 

by Fasna & Gunatilake (2019) in Figure 2.3. Important in this step is to assess the op-

portunities and processes based on organizational goals regarding, for example, strat-

egy, customers, and performance. Basis of the assessment should also include feasibil-

ity of the re-engineering process. The final design of the re-engineered process needs 

to be conducted based on such objectives. 

The actual implementation process starts with testing a prototype of the re-engineered 

process. This is done to assess cultural and systemic feasibility (Povey 1998). Results 

of the testing are then used for further plans of the implementation and to communicate 
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the change within the organization. This is a great opportunity to gather feedback from 

employees in order to develop the process and to address the issues of change man-

agement regarding barriers to change and communication. For a successful and thor-

ough implementation, people participating or otherwise affected by the re-engineered 

process need to be trained for the process. This is also a great way to mitigate change 

management issues. (Povey 1998, Huq et al. 2006, Fasna & Gunatilake 2019) 

In order to evaluate the operations of the re-engineered process, systems for measure-

ment and control need to be established before rolling out the new process. According 

to Povey (1998) requirements of processes are constantly evolving, and therefore con-

tinuous improvement of the process is necessary. This means implementing minor im-

provements to the process, for example, to reduce costs or cycle times. It is also essen-

tial to be aware of technological advancement and other changes in the operating envi-

ronment that may require implementing of more drastic changes to the process than 

continuous improvement can enable. In that case another re-engineering project would 

be launched. (Povey 1998) 
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3. RESEARCH METHODOLOGY 

3.1 Research Approach 

As the objective of the thesis is to develop a new type of process and test its functional-

ities with piloting, the research approach involves aspects of both induction and deduc-

tion (Saunders et al. 2009, p. 124). In the induction aspect, data about the current state 

of the organization and about the requirements of the target state process is gathered 

which forms a base for developing the solution. However, the deduction aspect is present 

when the functionality of the developed solution is hypothesized and put to the test in the 

pilots. 

This research is conducted with a constructive research approach as the description of 

a constructive research approach by Lukka (2003) fits well to the basis and objectives of 

this thesis. Lukka determines that the constructive research approach aims to produce 

innovative constructions to solve real world problems and alongside it to contribute to 

the theory of the field that the construction is applied to. The constructive research ap-

proach also requires that the developed construction is tested for its practical applicability 

and that the researcher is closely cooperating and experimentally learning with the prac-

titioners of the case organization (Lukka 2000). This research also meets the features of 

a case study described by Robson (2002, p. 178) and Yin (2003). 

In this thesis the researcher is seen as a facilitator of change. However, the researcher 

attempts to stay unbiased and form solutions based only on the data gathered in the 

research. As Lukka (2000) noted, one of the key difficulties in a constructive research is 

for the researcher to maintain a neutral and critical attitude towards the research. Also, 

according to Lukka (2000), a key characteristic of a proper constructive research is a 

critical reflection of the findings. 

3.2 The Constructive Research Process Within the Case Organ-
ization 

The phases of a constructive research approach were first described by Kasanen et al. 

(1993), and further developed by Lukka (2000). With the help of these seven phases the 

research process of this thesis can be outlined. Some information about the research 

methods and data sources used in this thesis are mentioned here but are more thor-

oughly introduced in Section 3.3. 
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Phase 1: Finding a relevant practical problem that could also contribute to theory building 

This phase was carried out naturally in the beginning since the case organization had a 

need for this specific kind of research developing and modernizing the organization’s 

quality control. Therefore, the practical relevance was achieved. Also, from the theoreti-

cal point of view this research topic is ideal since the topic in a relevant scope has not 

been thoroughly studied in prior literature. 

Phase 2: Examining the potential for cooperation with the case organization 

This phase was actually omitted since the case organization already had a thorough plan 

for supporting the researcher during the research process. The plan included, for exam-

ple, having assigned teams for cooperation as well as for steering the researcher and 

the cooperation team forward. According to Lukka (2000), ideally the researcher should 

be a member of the organization’s team assigned to the project which was the case in 

this thesis. However, it is noteworthy to state that the commitment of the case organiza-

tion portrayed was reassuring from the researcher’s perspective and raised the re-

searcher’s confidence for conducting the research. Thus, the examination of the potential 

for cooperation can be said to be fulfilled. 

Phase 3: Gaining practical and theoretical understanding of the research topic 

This phase of the research is important in order to enable effective communication be-

tween the researcher and the organization as prior knowledge is needed to be able to 

properly communicate about the topic of research. The understanding gained in this 

phase is also utilized as a basis for further solution development as well as analyzing the 

theoretical contribution of the research. This phase of a constructive research makes a 

big difference to typical consulting projects where the initial effort put into researching is 

only modest. (Lukka 2000) 

Gaining understanding of this thesis topic began with discussions between the re-

searcher and the case organization a few months before the actual initiation of the re-

search project. During those few months theoretical understanding was obtained by lit-

erature research. Gaining of practical understanding commenced from the kick-off meet-

ing on the first day of the research project and continued throughout the research pro-

cess. Understanding of the current state regarding quality control was obtained from 

document database, interviews, project meetings and workshop visits. Documents, in-

terviews and meetings were also a source of information for the targeted objectives for 

quality control. 
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Phase 4: Innovating and developing a solution for problem solving 

Lukka (2000) notes that this phase of the research process is naturally heuristic and 

creative, and that very little methodological advice for the phase exists. However, the 

solution development is still instructed to be conducted by deep and collaborative team 

work with the researcher and practitioners of the case organization both inputting practi-

cal and theoretical knowledge into the development work. This development might be a 

time-consuming process that builds up iteratively. (Lukka 2000) It was also noted by the 

case organization that the problem solving would be an iterative process. The developed 

construction would be iteratively improved after contribution and input from the re-

searcher and other project members in collaborative meetings arranged over the dura-

tion of the research process. 

The first drafting of the developed solution started during the first month of the research 

project. The first draft of the target process was constructed based on vision and targets 

of the case company for the future of quality control. These included the requirements of 

the ERP system for the process regarding process and item data for controlling quality 

inspections, need for integrating quality more into the activities of other business func-

tions, and objectives for data analysis of quality data. The construction drafts were then 

developed in cooperation with the case organization to further meet the needs and goals 

of the case organization and its specific business functions participating in the process. 

Most of the iterative development was made during the setup of the data and the ERP 

system for the process which is also a major part within the process description itself. 

Thus, pilot testing of the process was partly conducted alongside the development work. 

More about this development and piloting is discussed in Section 3.3.3. 

Phase 5: Testing how the solution works 

This phase is the first level market test of the proposed solution and thus is of major 

significance in the constructive research approach. Testing the proposed solution not 

only provides information about how the solution technically functions but also about how 

the whole process flows (Lukka 2000). This notion is of major importance regarding the 

objectives of this thesis since the proposed solution will not reach complete global im-

plementation within the case organization over the course of the thesis work. Thus, test-

ing the overall functioning of the target quality control process demonstrates to the case 

organization what is needed in order to develop the process further and to make the 

organization more prepared for a more thorough implementation. 

Testing the solution in this thesis is done by piloting the complete target state quality 

control process. The complete process consists of not only the quality control procedures 
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but also the prior setup of systems for enabling the process as well as the process im-

provement steps at the end of the process. After the setup is completed for the pilot 

testing, the test continues with creating virtual production and quality inspections for the 

pilot products in the ERP system. Then the quality control process is run in the ERP 

system with the virtual products and their quality inspections. Data analysis for process 

improvement is also implemented in the pilot testing. 

Phase 6: Considering the scope of applicability of the solution 

This phase offers the researcher opportunity to ponder the learning process and analyze 

the results of the research. For this the researcher needs to distant oneself from the deep 

commitment obtained in the constructive research and analyze the results impartially. 

Based on the results of the pilot testing can the applicability of the solution be analyzed 

in the context of the case organization. Furthermore, the results could also provide in-

sights to the applicability regarding other industrial companies. (Lukka 2000) 

Phase 7: Determining theoretical contribution 

This phase is a significant one from the academic point of view. Like in the preceding 

step, the researcher must analyze the contribution of his or her work impartially to the 

results and the case organization. Lukka (2000) highlights two types of theoretical con-

tribution in a constructive research. First one is the innovated construction itself which 

will be regarded as important to practitioners if the construction is working properly. Sec-

ond is the positive relationships behind the construction whether the construction works 

or not. Whilst the researcher conducts primarily pragmatistic test of truth, the underlying 

positive relationships are developed or tested simultaneously as well. (Lukka 2000) 

3.3 Data Collection 

As a multi-method constructive research (Saunders et al. 2009, p. 152), the data collec-

tion consists of multiple methods each chosen according to the objectives and the prem-

ise of the thesis work. This Section introduces all the data collection methods used in the 

research and the rationale behind the chosen methods. Descriptions about the process 

of data collecting for each method are also provided. Each method is then summarized 

in Section 3.3.5. 

3.3.1 Document Review and Workshop Visits 
According to Lukka (2000), both practical and theoretical understanding of the research 

topic is needed before construction innovating can begin. This is Phase 3 in the con-

structive research approach introduced in Section 3.2. Practical understanding of the 



50 
 

current situation as well as information about plans and targets were gathered from the 

case organization’s databases. This data was gathered in the research notes with a 

notetaking software during the learning process. Another source for practical under-

standing were visits to two workshops. Although, the actual inspection procedures and 

the contents of the inspections are out of scope in this thesis, these workshop visits 

helped portray some of the current procedures of quality control conducted in the case 

organization and were helpful when considering the case company’s readiness for BPR 

implementation. Data from the workshop visits was written on paper and then compiled 

to the research notes. Theoretical understanding around the thesis topic was gained 

before and during the actual research process through literature research. The results of 

this are compiled in the literature review (Section 2). 

Phase 4 in the constructive research process is innovating the construction for the pro-

posed solution. The solution of a constructive research approach in this thesis is the 

digital quality control process, so the most intuitive way to construct such a solution is a 

flowchart of the process. The first iterations of the flowchart were conducted based on 

the case organization’s documented views about the target quality control process and 

its digital aspects. The documents provided the most straightforward source of infor-

mation for the target process and were thus chosen for a method and a data source for 

the initial data collection regarding the solution building. These documents were the 

same ones used in the beginning for gaining practical understanding. This data was also 

gathered and compiled in the research notes and later implemented to draft the first 

iterations of the flowchart with a computer software. 

3.3.2 Meetings and Interviews 
For developing the solution further, more understanding was needed which meant that 

more input needed to be gathered from employees of the case organization. Therefore, 

meetings as well as interviews were arranged with employees of business departments 

scoped in the Sections 1.2 and 1.3. Data from each meeting and interview was gathered 

in research notes for further analysis. The interviews were also recorded and transcribed 

into text documents. 

Regular meetings were held with the assigned project team and steering team to drive 

the overall development of the target quality control process and the planning of its im-

plementation. The objective for the project team meetings was to assess progress and 

agree on the next steps of the thesis project. Meetings with the steering team involved 

status reviews and guidance from a broader and higher level regarding the BPR imple-

mentation project. These meetings were arranged less frequently than the project team 



51 
 

meetings. In addition to the regular meetings, more specific collaborative meetings re-

garding somewhat individual agendas and objectives were arranged concurrently. 

For the interviews the type of approach was selected to be semi-structured and explor-

atory. According to Saunders et al. (2009, p. 320) semi-structured interviews have a list 

of themes and questions but the researcher can adjust the interview according to the 

context. This was the case in these interviews as the interviews were directed towards 

the interviewees’ expertise when applicable. In exploratory interviews experts are inter-

viewed to find out what is happening and to seek new insights (Robson 2002, p. 59, 

Saunders et al. 2009. p. 140), which was also the case in these interviews. Employees 

for the interviews were selected from multiple departments of the case organization that 

all have different connection to quality control. As the case organization had begun with 

concepting the target solution before the thesis work, the case organization already had 

a short list of employees suitable to be interviewed. More employees were gathered to 

the list of people to be interviewed as new knowledge was gained and suggestions for 

more suitable interviewees were made. These suggestions came from the collaborative 

meetings as well as other interviews. The interviews helped gain more understanding 

from the perspective of the interviewees’ role in the case organization and thus form an 

overall description of quality control operations in the case organization. 

The questions of the interviews were mainly ‘what’ and ‘how’ questions as they are fitting 

for an exploratory interview. The objective for the interviews was to gather information 

from the interviewee’s perspective on: 

- the current state of quality control and the interviewee’s degree of involvement in 

quality control 

- the target state of quality control 

- how to develop the target state of quality control 

- implementation of the target state process. 

The questions were quite specific regarding quality control operations and how quality 

control relates to the interviewees’ own field of work and daily activities. The semi-struc-

tured questions used in these interviews can be found in Appendix B. 

These interviews were targeted to process specialists in specific business departments 

that have connections to current quality control and the target digital quality control pro-

cess. These departments were product management, production planning and quality 

management. No interviewees were selected from production department even though 

it is in the scope of the target quality control process because production department’s 
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involvement in the target process includes the quality inspection procedures that were 

not included in the scope of the thesis as stated in Section 1.3. Also, employees from 

operations development working with implementation of the target process and data sys-

tems development were interviewed. Besides working in different business departments, 

the interviewees consist of employees of two different business lines that have some 

distinct characteristics of quality control depending on the business lines’ operations and 

products. 

The employees selected for these interviews each had relevant expertise and experience 

regarding the premise of the thesis and the interviews. The interviewed employees’ roles 

in the case organization included, for example, Product Manager, Production Planner, 

Development Manager and Quality Systems Specialist. Overall including both business 

lines and all the business departments in the scope of this thesis, these types of process 

specific interviews were arranged for 13 employees. Complete list of the 13 interviewees 

as well as other details can be found in Appendix C. 

In addition to the process specific interviews it was essential to gain insight from upper 

management as the role of management in BPR was deemed so significant in previous 

Sections of this thesis. Therefore, two business unit level managers with connections to 

quality control were interviewed. Both managers work in the same two business lines as 

the interviewees of the process specific interviews. One of the managers is heading the 

complete delivery operation of a business unit and the other manager has a major role 

in the business transformation induced by the implementation of the new ERP system. 

The objective in the management interviews was to gain perspective on the same topics 

as listed above for the process specific interviews, however, the questions differ as for 

the management interviews the questions are more inclined towards management of 

operations and strategy rather than operating the quality control process. The complete 

list of questions for the two management interviews can be found in Appendix D and 

other details in Appendix E. 

All the interviews and most of the meetings had to be arranged remotely. Therefore, the 

sessions were held via audio connection with a business communication software. Ac-

cording to Saunders (2009, p. 334, 339) it is useful to note facial expressions and other 

non-verbal cues during interviews which was obviously not possible in remote and audio 

only interviews. The software, however, was a great way to record the interviews as the 

audio was undisturbed and clear. This made it simple to transcribe the audio into text 

documents. All the process specific interviews as well as the management interviews 

were planned and arranged either for 60 minutes or 75 minutes. 
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3.3.3 Pilot Testing and Questionnaire 
The next data collection method in the thesis is the pilot testing of the target quality con-

trol process which is Phase 5 in the constructive research approach. The development 

of the target process not only consists of using the ERP system for quality inspections 

but also the setup of the data and the system. This setup process needs to be done 

before the quality control process becomes serviceable and therefore the piloting tests 

are considered to involve the whole development process and not just the ERP system 

tests. The ERP system tests are mainly a source of information on the feasibility of the 

system interface for quality inspections and the overall operation of the quality control 

process integrated to the ERP system. Furthermore, the system tests are a key element 

to see how the setup of the data and the system succeeded in the setting up phase of 

the pilot testing. 

The pilot testing consists of collaborating to plan the requirements of the target process, 

creating the required data for the process, and testing the process flow and process 

control with virtual production and quality inspections in the ERP system. Each of these 

three aspects of the target process provide essential data for the BPR project of the case 

organization, and therefore this kind of pilot testing is one of the most important data 

collection methods for this thesis. Planning of the process requirements was conducted 

by collaborative meetings and data from the meetings was gathered in the research 

notes. Creating the required data for the process involved getting relevant data from 

company databases, documents and employees. This data was gathered in the research 

notes and utilized when inputting the data into the ERP system. 

After the setup was completed the ERP system and the target process control with the 

ERP system could be tested. The tests were arranged within a few sessions where virtual 

production and virtual quality inspections were run for two assigned pilot products in the 

ERP system. The participants for these sessions included employees from operations 

development and production planning to control the virtual production as well as some 

key users of the quality module of the ERP system to virtually conduct quality inspections 

by filling out inspection data to the ERP system. 

Data about user-experience and feasibility of the ERP system and the target process is 

gathered via a brief questionnaire sent to the participants of the test sessions. Usability 

of the ERP system is assessed by criteria introduced by Singh & Wesson (2009). These 

criteria are navigation, presentation, task support, learnability and customization. Also, 

some questions about characteristics of the process are asked as well as an open ques-

tion about developing the usability further. The whole questionnaire is presented in Ap-

pendix F. 
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The questionnaire is created with a survey software which enables the questionnaire to 

be emailed to the participants and produces data in a format easy to be analyzed. The 

questionnaire was sent to 16 participants of the piloting sessions out of which 14 re-

sponded. Majority of the responders work in quality function. Other responders work in 

production planning, engineering or operations development. Almost all responders had 

at least some experience on the new ERP system that was used in the piloting sessions; 

some of them being experienced users. 

3.3.4 Development Workshop 
The final data collection method in this thesis is the process development workshop ar-

ranged after the pilot testing. This is still regarded as a development stage as the process 

designed in this thesis will be developed to be further implemented to the global organi-

zation beyond just the two pilot products that are in the scope of this thesis. The work-

shop is arranged for several employees of the organization. Some of the employees are 

members of the assigned teams collaborating in the thesis project and the rest are other 

operational or process experts of the case organization participating in the thesis project 

for the first time. 

The development workshop consists of introduction to the findings of the research and 

two group exercises. The introduced findings include current situation of the case organ-

ization, requirements of the target process and its implementation identified during the 

research as well as the prevailing flowchart of the target process. Presenting the findings 

should bring the participants up to date regarding the research as well as evoke thoughts 

and insights to be utilized in the group exercises. 

The first group exercise is for commenting and improving the flowchart. The second 

group exercise is for planning the further implementation and finding methods to re-

source and organize a thorough global implementation. Data from the development 

workshop is gathered from the documented comments, answers and solutions produced 

in the group exercises. 

3.3.5 Summary 
All the data collection methods introduced in this Section are compiled and summarized 

in Table 3.1. The aspects of research design and data collection were selected based 

on the research questions introduced in Section 1.3. The ongoing development project 

in the case organization also dictated and facilitated some of the data collection methods 

like piloting tests. All data collection methods except the questionnaire are qualitative. 

To provide answers to the research questions and achieve the objectives of the thesis, 

the chosen data collection methods were seen the most appropriate. 
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Some of the data collection methods in Table 3.1 extend over multiple phases of the 

constructive research approach. This is due to the nature of the developed target process 

as the process itself contains some prerequisites to be made before operationalizing the 

process. Also, the phases of gaining practical understanding and developing the solution 

are somewhat merged together during the research process. 

Table 3.1 Compilation of the data collection methods used in the thesis. 

Phase of the constructive re-
search process 

Data collection method Method for gathering 
and storing data 

Gaining theoretical understanding Literature review Compilation of the litera-
ture review (Section 2) 

Gaining practical understanding Document review, 
workshop visits 

Notetaking software 

Gaining practical understanding/de-
veloping the solution 

Interviews, meetings Notetaking software, audio 
recordings, text docu-
ments 

Developing the solution/pilot testing Participating and observ-
ing in the collaborative 
work 

Notetaking software 

Developing the solution/pilot testing Qualitative assessment 
of the process flow and 
control 

Questionnaire 

Assessment of the solution Qualitative assessment 
of the complete process 
with experts of the case 
organization 

Group exercises in the 
workshop 

 

3.4 Data Analysis 

Data analysis was conducted for each data collection method that was used to gather 

empirical data. From list of data collection methods in Table 3.1 these methods are doc-

ument review, workshop visits, interviews, meetings and other collaborative work, the 

questionnaire from pilot testing, and the process development workshop.  

The analysis methods mainly follow an inductive approach. In this approach theory 

emerges from the data collection and analysis when relationships are identified and prop-

ositions are developed and tested accordingly (Saunders 2009, p. 490). The analysis 

methods used in this thesis are not highly structured methods. Therefore, in order to 

interact with the data, plenty of information about the data itself and about the collection 

of data was gathered in the research notes. According to Saunders (2009, p. 490) note 

taking helps with understanding and integrating pieces of data as well as identifying and 

developing patterns. 

The analysis method for data gathered by document review, workshop visits, interviews, 

meetings, collaborative work and the workshop roughly follows the process of inductive 
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content analysis of qualitative data introduced by Elo & Kyngäs (2008). The process 

consists of phases of preparation, organizing and reporting. In the preparation phase the 

data needs to become completely familiar in order to form insights and theories from the 

data. This was important as there were multiple data sources to produce answers to the 

same research questions. In document review, applicable data regarding the objectives 

of the thesis was noted and summarized in order to get a more concise and coherent 

foundation to build upon subsequent data collection and analysis. Similar concise notes 

were made from the workshop visits. 

Data from all the interviews were also read well in order to become familiar with the data. 

The data was gathered into a single document and categorized according to the ques-

tions asked in the interviews. Further categorization was made according to themes and 

requirements for the target process and its implementation. Data gathered from meetings 

and collaborative work was noted and utilized in a similar way as the interview data. The 

categorization according to themes and requirements resembles the organizing phase 

of the inductive content analysis. Sorting data according to requirements of the target 

process and its implementation is aligned with the research questions of this thesis and 

thus came to be the chosen method for organizing the qualitative data. The categoriza-

tion also formed a method for presenting some of the results in Section 5. This categori-

zation model represents the reporting phase of the inductive content analysis. 

The process development workshop produced data similar to the previous inductive data 

collection methods. Therefore, this data was analyzed in conjunction with the previous 

data to add insights to the previous analysis. Figure 3.1 illustrates the three phases of 

inductive content analysis and the activities made in the data analysis process. 

 

Figure 3.1 Inductive content analysis process conducted in the thesis. 

Analysis of questionnaire data is the only quantitative analysis method in the thesis. The 

questionnaire also contains some qualitative data that was analyzed similarly to the other 

qualitative methods described in Figure 3.1. Quantitative data from the questionnaire 

was gathered with selective choice questions such as the Likert scale. The data was 
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exported in a spreadsheet which enabled analyzing and visualizing the data to ultimately 

provide clear results. 

3.5 Workflow of the Constructive Solution Development 

The solution development follows the synthesis framework for BPR implementation in-

troduced in Section 2.6. Not all the steps, however, are conducted within the time frame 

of this thesis since the thesis worker joined the BPR project during the workflow design 

phase. Also, the thesis work was scheduled to finish after the development workshop 

representing the step number 7 of the synthesis framework. Nevertheless, the whole 

synthesis framework and the activities conducted in each of the framework’s 12 steps 

are described in this Section. 

The beginning steps that were executed before the thesis work were conducted within 

the employees of the case organization, and the activities of those steps are reported 

according to the employees that worked on those first steps of the conceptual phase of 

the synthesis framework. The steps and activities to be completed after the thesis are 

reported according to the development workshop where action plans and activities were 

planned for those upcoming steps. These steps of the synthesis framework include the 

steps of 8-12 in the phases of implementation and post-implementation. 

Construction of the target process and the flowchart for the process were developed 

iteratively beginning from the views of the case organization. The thesis worker then 

added his own ideas to the flowchart. Further development was made in stages accord-

ing to the collaborative input from the case organization’s employees and the thesis 

worker. Construction of the target process is discussed further in Section 5.2. 

The activities made in the solution development for the digital quality control process and 

its implementation during the thesis project are presented in Figure 3.2. The activities 

are placed according to the thesis schedule, the 7 phases of the constructive research 

process, and the applicable phases of the BPR implementation synthesis framework. 

Also, the data collection methods of Table 3.1 are placed to the thesis schedule accord-

ing to the phases of the constructive research process. 



58 
 

 

Figure 3.2 Execution of the research according to the constructive research 
process and the BPR implementation framework. 
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4. OPERATING ENVIRONMENT OF THE RE-
SEARCH 

4.1 Current State of Quality Control in the Case Organization 

Analyzing the current state of operations in the beginning of a BPR project is emphasized 

in each of the BPR implementation models (Fasna & Gunatilake 2019, Sikdar & Payyazhi 

2014, Povey 1998) introduced in this thesis. In addition, Khodambashi (2013), Sikdar & 

Payyazhi (2014) and Cimalore (2017) signifies the importance of gaining understanding 

of the current state as a baseline for developing the target state. 

As the objective of this thesis is to design a digital quality control process that mainly 

improves process control and data flow, this Section only regards the aspects of current 

quality control that relate to that objective and to the scope of the thesis. Some quality 

control procedures that are not in the thesis scope are, however, discussed here if ap-

plicable or necessary to understand in the context of quality control in the case organi-

zation. The information for this Section is gathered from documents of the case organi-

zation, discussions and interviews with the company employees as well as observation 

and questions asked during workshop visits. It is relevant to note that the statements 

mentioned in this Section are only applicable to operations of the business lines, busi-

ness units and products under examination in this thesis. Therefore, the statements do 

not represent the situation in the whole organization. Nevertheless, the statements can 

give some perspective for other business units and operations beyond the scope of this 

thesis. 

The process control and data flow in current quality control processes in the case organ-

ization rely on documents that are manually filled concurrently with production, or the 

data is printed out from measuring devices. These documents represent several inspec-

tion reports that are used to fill in inspected characteristics of a product during its quality 

inspection. The inspection report templates to be filled during quality inspections are 

compiled by a quality specialist with the help of product managers who give the neces-

sary information such as quality requirements for the products. Because the case organ-

ization produces a wide variety of items, there is a need for unique inspection reports for 

different products. Some generalization, however, can be made with certain products 

and product families in case of which an inspection report is suitable for more than one 
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product. One interviewee, however, regards as a challenge to have more general inspec-

tion procedures that would apply to a broader range of products. Furthermore, the em-

ployee states: 

“Products and their quality requirements change constantly forcing the inspection 

reports to be updated regularly which demands considerable resources.” 

The data from quality inspections is input to several documentation systems along the 

quality control process. These documentation systems include network drives, documen-

tation software as well as paper and binders. Utilization of those listed documentation 

systems differ among workshops in the case organization as the procedures are not 

standardized globally within the case organization. For example, in one workshop an 

operator fills a paper report alongside inspecting a product and in another workshop 

similar quality inspection data is filled in a spreadsheet with a laptop computer alongside 

the quality inspection routines. Having differing routines like this is an example of a situ-

ation that the case organization is trying to improve with the implementation of the new 

ERP system. This notion of standardizing routines and creating SOPs (standard operat-

ing procedure) was discussed in Section 1.2. An example of the current quality control 

process and its data flow are presented in Figure 4.1.  
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Figure 4.1 Example of procedures in current quality control. 

The multiple documentation systems used in the data flow of the current quality control 

process increases not only the number of steps in the process, but also the complexity 

of the process. According to several interviewees, having data documented in multiple 

systems makes the data fragmented which hinders visibility and further utilization of data. 

Fragmented data also inhibits data sharing. When data is not shared among workshops 

of the case organization, management and any corrective actions to problems become 

local. Relating to this, one manager states: 

“Without data sharing economies of scale is not utilized to an extent which a global 

organization with locations around the world could utilize.” 
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Fragmented data systems are another improvement area in the scope of the implemen-

tation of the new ERP system in the case organization as mentioned in Section 1.2. 

As the data is in the form of documents such as PDFs in the final documentation soft-

ware, it is practically impossible to analyze the data as this would require significant re-

sources due to the manual work needed. In addition, the rigid characteristics of the doc-

uments prevent customization of quality control reports. This is another challenge ac-

cording to a few interviewees as occasionally it might be necessary to customize reports 

for customer service purposes. 

Another challenge in current quality control that comes from not having data integrated 

across systems becomes apparent in production planning. As quality inspection data 

does not flow within the same systems as production planning, any quality control related 

incidents are not immediately visible for production planners in their planning systems. 

“The current control system does not enforce quality as the system does not require 

any checking to be made in the system when quality procedures are completed.” 

Therefore, quality control is disconnected from the delivery process of the product. In 

addition to this, production planners do not have the visibility through the systems about 

what inspections are made during production and how much time do the inspections 

take. This becomes a problem when planning cycle times of production. Also, there is a 

delay when the quality inspection data is input to the final documentation system as the 

data needs to be manually transcribed from paper documents or spreadsheets to the 

documentation system. 

Another aspect causing challenges regarding the BPR project in quality control relates 

to implementation readiness of the case organization. Many interviewees regard getting 

ready for and managing of the upcoming change the biggest challenges in current quality 

control. From the operators’ perspective, who conduct quality inspections, the willing-

ness to react to changes of ways of working is low. One experienced employee men-

tioned during a workshop visit the following: 

“Old ways of working are ingrained to the operators and many of them do not want 

to learn new ways. Any additional work related to data and computers might feel 

irrelevant compared to the actual machining and assembly work among some oper-

ators.” 

It is apparent that challenges like these hinder the adoption of digital technologies 

needed for the target process of quality control. Because of the operators’ low willingness 

to learn new ways of working and to adopt digital technologies, training for the new ways 

becomes a big part in the BPR implementation. Currently there is a lot of tacit knowledge 
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among the operators about quality control procedures. That knowledge does not pass 

along that well when needed, for example, when other operators are covering shifts in 

an unfamiliar working environment. Therefore, many interviewees agree that proper in-

structions for procedures are necessary. 

4.2 The Case Organization’s View on the Target Process 

Views and opinions about the target state of quality control to be implemented within the 

ERP implementation program are similar among the employees interviewed in the thesis 

project. The views and opinions of the employees can be roughly categorized into four 

topics. These are definition and description of the target process, data requirements, 

collaboration and training. The topic of data requirements includes aspects of process 

control and visibility, ERP system interface, and data analysis. The four topics coincide 

with the research questions of this thesis, so it is also in that regard relevant to have 

these certain categories. In the following paragraphs, views and opinions gathered in the 

interviews as well as the workshop visits are categorized under the four topics. 

Process definition 

The new target quality control process should be well-defined. The defined process 

should enable to standardize methods among different products. However, according to 

multiple interviewees, this is regarded as difficult as many products are unique and there-

fore have different needs. The target process should also be defined to be flexible in 

order to meet unique customer demands and in order to apply to changing demands. 

Most interviewees see digitalization only to improve flexibility of the process. 

According to multiple interviewees managers should be more involved in developing tar-

gets and guiding actions. This would then guide further practical planning and definition 

of procedures and working methods in the target process. One interviewee stated that 

defining the procedures and working methods used with the ERP system in the target 

process should be done first and then implement the data process to the operation. Sim-

ilar vision is shared by another interviewee: 

 “Changing the system is easier than changing people”. 

Data requirements 

The first data requirement relates to controlling the target process. This is the targeted 

view of having quality inspections triggered in the ERP system when the inspection is 

required for an item. This would be done through master data in the ERP system. Ac-

cording to production planners, a proper way to set up the master data-based triggering 
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is to set the master data for steps in production routings. With this approach the routing 

would include quality control steps alongside production steps. When an item in produc-

tion meets a step with a need for inspection of that item, quality inspection would be 

triggered and be visible for workers in the system. Multiple interviewees prefer routing-

based operation over an item-based operation in which inspections could be triggered 

needlessly. 

The master-data based visibility in the ERP system is regarded important by production 

planners. Data that is input to the ERP system alongside production procedures produce 

real-time information to production planners that would help in scheduling production 

routings that involve quality inspections. The interviewed production planners also note 

that signing tasks in the ERP system would also decrease the risk of tasks being missed. 

A manager of operations states that having quality control data visible throughout the 

organization enables a more product-centric view on the operations. This was also noted 

when discussing the PLM integration with quality management in Section 1.2. Many in-

terviewees agree that more visible processes would mitigate the need for tacit knowledge 

about quality control processes among operators. 

For the operators to fill in inspection data, sign the process completed, and produce 

visible data for other users of the ERP system, an easy-to-use ERP system interface is 

required. The inspection report in the ERP system should be visual and easy-to-read. 

Some interviewees are concerned with ERP system’s abilities to support visual aspects 

in the inspection report as effectively as the spreadsheets that have been used before. 

A few interviewees also noted that the procedure in the ERP system should be fast 

enough to not consume much of the production time. One manager emphasized that 

data from the quality inspections should be input to only one place which is the ERP 

system interface: 

“The defined way for data input should become obvious for employees so that no 

work-around methods are created which would fragment data.” 

The manager also noted that data would be safer when it is input to only one system 

instead of being fragmented among multiple systems. 

Data input in digital format to the ERP system enables data processing and thus sophis-

ticated analyses of the data can be conducted. According to the interviewees, the data 

analysis feature in the target process evokes many possibilities as well as requirements. 

The operations manager said that the data should be possible to be processed regard-

less of its source whether it is a supplier, a workshop of the case organization, or any 

other applicable source. The data should also be possible to be processed from different 
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perspectives such as a product perspective or a project perspective. A quote from the 

operations manager: 

“From the product perspective the analysis should be possible to be generalized for 

a range of products to enable analysis of products with unique qualities.” 

Collaboration 

All the interviewees agree that the necessity of inspections as well as their timing and 

place in the overall operations should be determined collaboratively. All the interviewees 

also see the benefit of collaboration. One interviewee noted: 

“Thorough planning and defining of the procedures beforehand decrease the amount 

of fine planning needed to be done during the actual operations.” 

Another form of collaboration identified in the interviews is updating of item data and 

BOMs (bill of material) which should be done in collaboration. Functions of the new ERP 

system rely on item data and therefore updating is important to maintain validity of data. 

Many interviewees note that data management in the target process is more complex 

than before, so resources are needed for it.  

Information sharing is also noted as an important part of collaboration. The operations 

manager noted that product managers should be regarded as the customers of the target 

quality control process and that the data produced in the target process serves the pur-

pose of product managers. One manager mentioned a benefit of having the digital pro-

cess and the ERP system as a platform for data sharing: 

“Data in the ERP system could automatize the information sharing enough that it 

would not be necessary anymore to rely on employees contacting each other which 

is not that collaborative an approach and slows down communication.” 

The same manager added that a broader information sharing procedure would shift the 

management style from a local-based management to a more global management style. 

According to the manager, organizational structure for global information sharing exists 

but it needs to be utilized more. 

Training 

According to the interviews, the target process and its objectives are unclear for many 

employees of the case organization. Therefore, clear vision and instructions about the 

process, its procedures, and new ways of working are needed. Managers of the imple-

mentation of the target process have understanding about the target process and they 

need to transfer that knowledge to other employees which is, however, regarded as a 



66 
 

rather difficult task according to a few interviewees. Therefore, every aspect of the train-

ing needs to be planned well. This includes informing about the upcoming changes and 

the required training, planning the training program, and documenting the training. One 

interviewee added that it is also important to document and inform why the changes are 

to be implemented. 

4.3 The Case Organization’s View on the Implementation 

The new functions and activities of the target process as well as the methods used in the 

implementation require planning to be done in order to implement the target process 

thoroughly in the case organization. The information in this Section about the case or-

ganization’s view about the upcoming implementation is gathered from interviews. The 

topics discussed about the implementation mainly consist of resource management, col-

laboration, training and aspects of change management. 

The interviewees see that resources are needed for the multi-dimensional data manage-

ment process but also for organizing training for the target process. Informing and train-

ing is needed to create a clear vision about the target state of quality control and to 

spread the vision across the case organization. All the employees involved in quality 

control need to be clearly instructed for the new process and its procedures. Quality 

being cross-functional, the instructions are needed to be developed for many functions 

according to their roles in the new quality control process. 

Many interviewees including the operations manager see that departments, teams and 

employees have been siloed in their own operations and methods which could hinder 

the implementation of the new cross-functional process. A quote from the operations 

manager: 

“Different units have personal and unique features that are separate from other units 

and this makes it more difficult for the units to see other kind of operations and meth-

ods as a replacement to their own current operations.”  

The same manager also added that regarding the current operations as satisfactory and 

not needed to be changed might increase resistance towards new ways of working. 

When discussing this matter with another interviewee, he stated that the new ways of 

working must be conveyed to employees in a way that enables the employees to see the 

benefits of the new process. 

“It needs to be explained well what is to be changed and why.” 
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In addition to informing and explaining, training is required so that employees truly un-

derstand the functions of the target process. 

“When training is conducted, every employee should get the same vision about the 

target process so that varying interpretations about the target process would not exist 

among employees”. 

According to a production operator that has experience on the new ERP system stated 

that the new quality control process is advanced and difficult to learn. He also suggests 

that training for the implementation should be organized gradually. In addition, he said 

that the training should include theoretical and practical aspects. 

“The operators should not only learn how the procedures are done in the ERP system 

interface but also learn the logic behind the process”. 

The operations manager shares somewhat similar views. He states that informing about 

the changes should be conducted gradually and the information should not be too theo-

retical. Some employees are more aware of the changes than others and thus informing 

and training should be organized according to the needs of all employees. The manager 

thinks that seeking out employees that are enthusiastic about the change and having 

them participate in the implementation could be useful. These employees could be given 

some responsibility and control over the implementation and have them inform and 

spread ideas to other employees. Another method for a thorough implementation, ac-

cording to the manager, would be to test the new process with a small group involving 

enthusiastic employees as well as resistant employees. 

Another manager mentions the organizational structure of the case organization and how 

it could be utilized for a thorough implementation. He says that the area organizations 

could be used to drive the implementation forward in their own areas. He also thinks that 

the cultural changes of different areas of the world would not be that big an issue since 

the locations of the case company around the world share a similar enough company 

culture. However, a few interviewees stated that readiness for the implementation varies 

among different locations of the case organization. 

Both managers that were interviewed agree that ways of measuring and controlling the 

implementation should be developed to assess how the implementation is proceeding. 

The operations manager suggests some KPIs (Key Performance Indicator) to assess the 

implementation. These could be done, for example, by tracking how much the new pro-

cess is used, how much work-arounds are created, and how much improvement sug-

gestions are made by employees. Both managers share the notion that criteria for as-

sessing the implementation would be useful. In order to come up with some criteria, it is 
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important to understand the current situation to identify what challenges the implemen-

tation could cause. The case organization’s readiness for the implementation could be 

assessed in the training phase of the implementation since the training sessions should 

indicate about employees’ abilities to adopt new ways of working. Quote from the oper-

ations manager: 

“In the pilot testing phase, the process testers should be listened to carefully when 

they give feedback about the process.”  



69 
 

5. RESULTS 

5.1 Requirements for the Target Process 

Table 5.1 contains a compilation of the requirements for the target process. The require-

ments and the bases for the requirements are gathered from the interview data in Section 

4.2. The requirements are compiled into categories representing the research questions 

of the thesis. In addition, applicable literature references and the Sections the matters 

were discussed in are attached to each requirement to support the statements. 

Table 5.1 Requirements for the target process according to the case organiza-
tion and supported by literature. 

Category Requirement 
Basis for the 
requirement 

Supportive literature ref-
erences and Section dis-
cussed in 

Digitalization 

Visibility for process 
control 

Real-time information Radziwill 2018 in 2.1.2 

User-friendly and 
efficient ERP inter-
face 

Interface should not 
lead into problems of 
digital know-how 

Küpper et al. 2019 in 2.4 

Data in digital for-
mat 

Enables data analysis 
Jacob 2017 in 2.2 
Küpper et al. 2019 in 2.2 

Flexibility 
Meet evolving cus-
tomer demands 

Küpper et al. 2019 in 2.1.2 

Data connec-
tivity 

Data updating Maintain data validity 
Küpper et al. 2019 in 2.2 
Fitzgerald et al. 2014 in 2.4 

Data not frag-
mented 

Improve efficiency 
Data remains safe 

Jacob 2017 in 2.3.1 
Cimalore 2017 in 2.3.1 
Huq et al. 2.1.3 

Data analysis 
Solve problems 
Improve quality and 
profitability 

Jacob 2017 in 2.2 
Küpper et al. 2019 in 2.2 
Radziwill 2018 in 2.2 
Lee et al. 2019 in 2.2 

Collaboration 

Planning of proce-
dures in the target 
process 

From siloed operations 
to a process focus 

Huq et al. 2006 in 2.3.2 

Information sharing 
More global and stand-
ard operations 

Sower 2011 in 2.1.1 
Küpper et al. 2019 in 2.2 
and 2.3.2 
Huq et al. 2.1.3 

Consider internal 
and external cus-
tomers 

The quality control pro-
cess as a support pro-
cess to serve product 
management 

Sower 2011 in 2.1.1 
Martinsuo & Blomqvist 
2010 in 2.1.1 
da Silva et al. 2012 in 2.3.2 
Kane et al. 2015 in 2.3.2 
Jacob 2017 in 2.3.2 
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5.2 Descriptions of the Target Process 

This Section describes the iterative development of the target process. The target pro-

cess was planned according to the needs of the case organization. As new information 

was gained during the research the target process was developed further according to 

the information. Multiple descriptions of the target process were produced during the 

thesis. However, the development of those descriptions was conducted in roughly three 

stages which are introduced in the following Sections. 

5.2.1 Preliminary Description 
Solution building phase of the constructive research approach began with initial descrip-

tions of the process. The initial descriptions were mainly guided by the sub-research 

questions 2 and 3 pertaining to the data requirements as well as the collaboration re-

quirements of the target process. The data requirements come mainly from functionali-

ties of the ERP system and the needs of the case organization. ERP system functional-

ities determine how the process enabling data in the process architecture needs to be 

defined in the ERP system. This includes, for example, product structures and other item 

data, production routing for the products, and the characteristics of quality inspections. 

These also form the basis on which the quality inspection can be triggered in the ERP 

system. 

Collaboration requirements between the stakeholders of the process are determined for 

the steps that require collaboration. At this stage specific requirements for collaboration 

could not yet be determined. However, the necessary stakeholders were known as they 

were determined in prior planning phases. The stakeholders are product management, 

production planning, production, and quality management. 

The data management procedures occur before a quality inspection can be triggered 

and thus these are regarded as prerequisites for the digital quality control process. Also, 

determining collaboration requirements and responsibilities in the process can be re-

garded as prerequisites. However, determining collaboration requirements and respon-

sibilities are conducted outside of the scope of the digital quality control process and thus 

are left out from the process description. 

After completing the data management procedures, the quality inspection can be trig-

gered. Thus, the physical inspection procedures come next in the process. However, the 

process does not involve any other details of the inspections as they are not included in 

the scope of the thesis. After the quality inspection, a major part in the digital process 

comes next which is the input of digital data into the ERP system. 
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Digital data in the system enables processing and analyzing of the data. The next part 

in the process regarding the requirements and objectives for the process is the data 

analysis step. This step is designed to be executed outside of this process and therefore 

this step is not examined further within the scope of the target process. Data analysis is, 

however, a significant feature in the target process and it will be defined as a subprocess 

within the process description of the target process. The final steps of the process de-

scription include a review of data analysis and implementing possible corrective actions 

to the process according to the findings of the data analysis. 

The process description defined within the first stage of designing the target process is 

illustrated in Figure 5.1. In this stage the description is in a concise format only illustrating 

the main phases of the target process. 

 

Figure 5.1 First stage of target process description. 

5.2.2 Description for the Pilot Tests 
The development of the target process was continued with the preliminary process de-

scription from the previous Section as a baseline. The development work was carried 

out further according to feedback from the project team participating in the thesis project. 

The developed process description introduced in this Section was the one used in the 

pilot tests and presented in the development workshop to be developed further. 

The preliminary process description suggests a structure for the process consisting of 

four distinct phases. These phases were determined for this iteration as the following: 

prerequisites, quality inspection, data analysis, and continuous improvement. The steps 

that were introduced in the previous Section were specified as individual steps for this 

iteration. Also, collaboration between process stakeholders was determined for the steps 

that were regarded as collaborative. All the steps were divided and assigned for the 

stakeholders. Division of the steps represents the responsibilities of different stakehold-

ers in the target process. 

In this stage of describing the process a cross-functional flowchart was required to illus-

trate the functionality of the process. The flowchart was structured according to the afore-

mentioned four phases and sectioned into five swim lanes representing the different 

stakeholders of the process and the systems utilized in the process. Figure 5.2 illustrates 

the flowchart. 
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Figure 5.2 Process description utilized in the pilot tests and presented in the 
development workshop. 
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5.2.3 Final Description 
The description of the target process presented in this Section was formed based on the 

results from the process development workshop and the piloting test questionnaire. The 

process description was assessed in the workshop and findings from the assessment 

are further discussed in Section 5.4 alongside findings from the piloting questionnaire. 

Therefore, this Section only presents the modifications done to the process description 

based on the two data collection events. 

Modifications to the final description involve only a few added features. The activity of 

checking/maintaining item data was added also to Production Planning to widen the col-

laboration for that task. Thus, the collaboration mark was also added to this task. It was 

identified that the collaboration tasks altogether needed some clarifications about organ-

izing and resourcing of the tasks. Therefore, assignment of roles was conducted with the 

help of RACI matrix (Responsible, Accountable, Consulted, Informed).  The letters R, A, 

C or I were marked within each needed role of a collaborative task according to the 

activities planned for each role in the designed quality control process. The final descrip-

tion of the target process is presented in Figure 5.3. Also, more detailed definitions of 

each assigned role in RACI matrix can be found in Figure 5.3. 
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Figure 5.3 The final description after the pilot tests and the workshop. 
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5.3 Requirements for the Implementation 

Table 5.2 contains requirements for the implementation compiled into categories repre-

senting the type of requirement. The categories represent the findings of the literature 

review about challenges of process implementation. The requirements and bases for the 

requirements are gathered from the data of interviews and the workshop visits. Also, 

literature references and the Sections the topics were discussed in the literature review 

are attached to each requirement to support the statements.  

Table 5.2 Requirements for the process implementation according to the case 
organization and supported by literature. 

Category Requirement 
Basis for the 
requirement 

Supportive literature refer-
ences and Section dis-
cussed in 

Guidance of 
management 

Commitment 
through the 
project 

The needs for re-
source allocation and 
targets for further de-
velopment 

Povey 1998 in 2.5.2 
Huq et al. 2006 in 2.5.2 

Define objectives 
Fasna & Gunatilake 2019 in 
2.1.3 

Achieve 
alignment 

Multiple references in 2.1.3, 
2.5.1 and 2.5.2 

Change 
management 

Manage barriers 
to change 

Production workers’ 
willingness to change 

Grover et al. 1995 in 2.4 
Povey 1998 in 2.5.2 
Huq et al. 2006 in 2.5.2 
Mumford 1995 in 2.5.2 

Communication 
Informing about the 
changes to ways of 
working 

Fasna & Gunatilake 2019 in 
2.1.3 
Martinsuo & Blomqvist 2010 
in 2.1.3 
Grover et al. 1995 in 2.4 

Organizational 
structure 

Better utilization of 
organizational struc-
ture for efficient infor-
mation sharing 

Al-Mashari & Zairi 1999 in 
2.4 
Fitzgerald et al. 2014 in 2.4 

Training 
 

Effective 
instructions 

Increase confidence 
of workers 

Sower 2011 in 2.1.1 

Documented 
processes 

Ensure understand-
ing of the process 
and enable process 
measurement 

ANSI/ASQC Q9000-1-1994 
in 2.1.1 

Have employees 
participate 

Prevent change 
resistance 

Huq et al. 2006 in 2.5.2 

 

It was stated in the development workshop that in order to gain the commitment of man-

agement the benefits of the process implementation need to be presented in a concrete 

manner. Example of this could be demonstrating the added value and the improved re-

lation of inputs and outputs compared to the old ways of working. In addition, financial 

rationale behind the implementation needs to be justified. 
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5.4 Assessment of the Solution 

The constructed solution is assessed via the questionnaire and the development work-

shop which were described in Sections 3.3.3 and 3.3.4, respectively. The workshop in-

cluded group exercises to review the target process flowchart and produce improvement 

suggestions as well as planning of the upcoming implementation of the process. Im-

provements to the flowchart were presented in Section 5.2.3 as the final description of 

the target process flowchart. These improvements clarified the process and responsibil-

ities of some tasks. This is important as it is necessary to form clear responsibilities in 

order to achieve effective collaboration. 

Assessment of usability of the ERP system, which was the main objective of the ques-

tionnaire, produced mixed results. The results of how the responders see that the usa-

bility criteria of Singh & Wesson (2009) are fulfilled are visualized in Appendix G. 

Half of the responders either disagree or strongly disagree that it is easy to navigate the 

ERP system and access relevant information. However, a third either agree or strongly 

disagree to it. Visual presentation of the ERP system interface received slightly more 

positive responses as nearly half of the responders agree or strongly agree that the in-

terface has a good level of understandability, visibility and intuitiveness. The criterion of 

task support received the most mixed responses out of the five criteria of usability. Nearly 

a third of the responders agree or disagree about a good level of task support in the ERP 

system. However, strong disagreement was more prevalent than strong agreement. The 

last two criteria of learnability and customization received the highest and the lowest 

levels of agreement, respectively. More than half of the responders agree or strongly 

agree that the ERP system is easy and quick to learn. More than half disagree or strongly 

disagree that the ERP system can be customized according to user preferences. 
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6. DISCUSSION 

6.1 Attainable Improvements from the Process Implementation 

In this Section the identified improvements gained by implementing the target process 

are discussed and reflected on. The improvements are assessed based on the identified 

requirements for the process and its implementation (Sections 5.1 and 5.3) and the find-

ings of the literature review. The main attainable process improvements are gained by 

three overall aspects of the target process that each provide several distinct improve-

ments. These three aspects are ERP control, default data storage and data analytics. 

These are the topics that came across the most during the research and were thus se-

lected here to represent the areas of process improvements. 

6.1.1 ERP-based Process Control 
Figure 6.1 presents the areas of improvements that are gained by ERP control of the 

process. It is apparent that ERP control meets requirements from all categories of Table 

5.1: digitalization, data connectivity and collaboration. 

 

Figure 6.1 ERP control induced improvements and their interconnectedness. 

Quality control process controlled by the ERP system enables better integration of deliv-

ery processes and quality management which improves cross-functional collaboration. 

ERP systems are a great way to integrate processes (Sun 2002, Huq et al. 2006), so 

this improvement can be regarded as a default when implementing a new ERP system. 

However, the state of integration achieved in the case organization can be connected to 

the concept of integrating business IT and operational technology (Jacob 2017). 

It is regarded as an important development to integrate quality management to other 

management systems. This PLM integration which is discussed in Section 1.2 can be 
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moved along with the target process and its implementation. The more integrated ap-

proach between quality management and delivery processes is useful in the develop-

ment of management systems of these processes. This is achieved by connecting data 

of production planning, product management and quality management. 

Integration of information systems and delivery operations provides major improvements 

in visibility and transparency of the processes. Better visibility can increase quality and 

decrease quality costs as areas that need development are more easily identified. This 

also improves the approach to continuous improvement of processes. Customer experi-

ence can also be improved as better visibility and transparency of information result in 

more efficient processes and better quality. Increased availability of information about 

quality control can also improve presenting of information to customers and other stake-

holders. 

The improved visibility would be enabled by the automated triggering of inspections as 

well as signing tasks completed in the ERP system. Inspections that are triggered in the 

system are easily visible for quality inspectors and allow following the status of inspec-

tions through the system interface. Inspectors would fill in inspection data, complete the 

inspection, and sign it through the ERP interface. This means that, for example, infor-

mation about the durations of quality inspections becomes available through the ERP 

system. In addition, with ERP control critical inspections can be set to block certain steps 

in the delivery process when necessary which improves process control. 

The automated ERP controlled procedures enable that execution of steps in the delivery 

process does not rely on employees’ own sense of control and memory. Therefore, ac-

tivities controlled and followed in the ERP system are not forgotten. Without the system 

backing up the process control, human errors could happen. This is significant especially 

with inspections that need blocking. By automating procedures, a more dynamic process 

is achieved as automation makes it easier to adjust the process. In addition, automating 

certain steps saves time. Business benefits of automated and real-time digital infor-

mation flow are also acknowledged in literature (Jacob 2017). 

Information sharing is needed to break siloed operations and boost collaborative opera-

tions in the case organization. This moves emphasis more towards organizational goals 

from functional ones (Huq et al. 2006). Information sharing also enables shifting man-

agement style more towards global management. Having localized management style 

and lack of data sharing were deemed as missed opportunities in the case organization. 
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Increased availability and visibility of information as well as automating data procedures 

improves information sharing. With these characteristics of ERP process control, em-

ployees do not necessarily have to rely on manually contacting each other to spread 

information or ask questions.  

The ERP controlled process brings about well-defined process steps and work instruc-

tions that reduce variation and increase employee morale (Sower 2011, s. 138). Also, 

having standard operations within the organization improves information sharing about 

the operations of the process. Thus, tacit knowledge about the operations is not needed 

among workers. Another reason for the diminishing need for tacit knowledge is the over-

all availability and visibility of information through the ERP system. 

6.1.2 Data Input and Storage 
The ERP system used for inputting and storing quality control data can be regarded as 

a quality information system (QIS) introduced in Section 2.3.1. Data from the quality con-

trol process is input to the ERP system in the right place and the data is flown and ac-

cessed according to the ERP system’s predefined data processing logic. This kind of 

defined way to input data about the procedures improves documentation of quality con-

trol (ANSI/ASQC Q9000-1-1994, vii). 

Having quality data documented and available for future access and retrieval is neces-

sary in manufacturing businesses like the case organization. The case organization man-

ufactures products according to customer requirements and it is important to have a data 

reference from the delivered products. The documented data can be used when custom-

ers need service for those products, or the documents can be referenced in customers’ 

inquiries about similar products. 

Having the data input in the ERP system as a default way to operate prevents fragmen-

tation of data which is of major importance in managing and running processes in an 

organization (Huq et al. 2006). However, the right way to input and store data needs to 

be instructed well so that the objective of having a single place for the data can be 

achieved and maintained. A well-defined and instructed data procedure enables infor-

mation sharing between business functions (Cimalore 2017). As the data in the ERP 

system is visible for all employees of the organization that have access to the system, 

the information is shared without any effort put into the sharing which was discussed also 

in the previous Section. 

Having a defined and instructed method for storing data digitally in the ERP system in-

creases data safety. Not only does it prevent the safety issues that can stem from frag-

mented data, but it also makes updating of data easier (Küpper et al. 2019). A system 
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that connects all relevant data simplifies tracking and managing of information (Cimalore 

2017). 

The data input in the ERP interface should not be a complex procedure. If the procedure 

involves going through multiple sessions and clicks in the ERP system, it takes time and 

is very complex to learn. For the most efficient process the inspection should be possible 

to conduct within a single view in the ERP system interface and no other external docu-

ments or spreadsheets should be needed. This kind of an efficient process would im-

prove information flow, save time, and reduce the amount of work. In addition, the ERP 

system interface should be able to guide employees to the correct way of operating. In 

other words, the ERP interface should be intuitive (Singh & Wesson 2009). 

The feasibility of the data input to the ERP system received mixed reviews in the pilot 

testing questionnaire. According to the results, overall usability of the interface is not 

regarded to be on a good level. Most responders of the questionnaire are fairly new to 

the ERP system and probably cannot instantly see benefits in the digital process. Also, 

it is likely for employees to regard any changes to the familiar way of working as negative. 

Therefore, negative results in the questionnaire might easily predominate. The results, 

however, have a lot of fluctuation meaning that there is not a common agreement on the 

level of usability among the responders of the questionnaire. This entails that the concept 

of the digital quality control process is not that acknowledged among employees and 

therefore more information and instructions are needed. 

6.1.3 Data Processing and Analytics 
The ability to process data and to conduct data analysis is definitely the most significant 

process improvement of a digitalized quality control process. However, the data analysis 

itself induces a myriad of more possibilities for improving the overall quality control that 

were identified during the thesis project. Furthermore, it is relevant to note that more 

improvements can be recognized after operationalizing the quality control process as the 

aspects of data analysis are put into practical use and new ideas for the data analysis 

are found. 

Some of the more apparent improvements gained by data analysis are the abilities to 

follow certain indicators like work hours and quality costs. Following these indicators can 

point out areas where some inspections could be removed or more inspections should 

be implemented. Analyzing data of certain products can identify opportunities to improve 

their profitability. Constantly collecting and analyzing data enables following and identi-

fying long-term trends. Similarly, information about root causes of problems can be pro-

vided. Without data collection and analysis these kinds of trends and problems can be 
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missed. Furthermore, conducting data analyses can result in identifying needs for other 

types of analyses and find correlations between the analyses. Overall, conducting data 

analyses makes decision making in the organization more evidence-based (You 2017, 

Lee 2018). 

The data that the digital process produces is seen to improve flexibility of the processes. 

With this improved flexibility the produced data can be utilized in multiple ways that can 

induce process improvements and developments from multiple aspects. These can lead 

to, for example, decreased quality costs and improved customer experience (Fitzgerald 

et al. 2014). In addition, it was mentioned in Section 4.3 that the data produced in the 

target process should be possible to be analyzed regardless of the source of the data. 

This means that a link is needed to support migration of supplier data and other neces-

sary data to the case organization’s ERP system. However, planning of the utilization of 

data and its analysis is necessary as it is not that well-known in the case organization 

how the quality control data could be analyzed to produce relevant information. Most 

suitable for the situation and the needs of the case organization would be predictive 

analytics for monitoring trends and utilizing statistical process control (Jacob 2017). 

The target process could produce data about quality control for product managers to 

identify what is the state of quality and what causes defects or other problems to prod-

ucts. This way the reporting would follow horizontal reporting where people directly af-

fected by the reported data are informed (Sower 2011, p. 128). Also, in this sense prod-

uct managers can be regarded as internal customers of the quality control process 

(Sower 2011, p. 6). Horizontal reporting can be regarded as a more collaborative ap-

proach compared to vertical reporting where the information is sent directly to the top 

management. When information is sent to the process level and activity level managers, 

the different departments affected by quality control can collaborate based on the re-

ceived information from the data analysis and formulate action proposals when neces-

sary. However, in order to utilize the data effectively the product managers and the work-

shops of the case organization need to be capable of identifying and delivering the re-

quirements for the data analyses in order to produce relevant information from the data. 

6.2 Further Implementation 

Although the actual organization-wide implementation of the target process will take 

place after this thesis project, the objective of this thesis still includes gathering infor-

mation about the implementation, assess the organization’s readiness for the implemen-

tation and plan the implementation according to the findings of the thesis. This Section 
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presents action plans for further implementation. The action plans discussed in this Sec-

tion and suggestions introduced in Section 6.1 are presented as individual steps in Table 

6.1 according to the synthesis framework introduced in Section 2.6. 

Readiness for implementation was assessed throughout the research process alongside 

the data collection. Many people in the case organization see that a thorough global 

implementation will be a challenge. It might be difficult for employees to see the benefits 

of the new way of working and the degree of changes might be overwhelming. In addi-

tion, the structural changes to the case organization’s IT infrastructure and data pro-

cesses made alongside the ongoing implementation of the new ERP system can cause 

difficulties among employees. 

However, the pilot tests proved that the ERP-controlled quality control process is feasi-

ble. Setup of the pilot tests was successful, and the tests were completed as planned in 

the ERP system. This implies that all the process-level IT functionalities are available. 

However, the pilot tests were conducted with a simplified item data structure and aligning 

the data to fit needs of different businesses of the case organization beyond the scope 

of the pilot tests is complex. Therefore, the master data and item data management part 

of the target process is regarded as a challenge in further implementation. However, 

detailing the data management process in different businesses of the case organization 

provides great opportunities to unify processes across the case organization. 

Relating to the item data, it can be beneficial to define the new procedures and working 

methods within the ERP system before defining the data process and flow of data. This 

is appropriate since some practicalities in the process can determine some aspects of 

the ERP enabled process control. For example, blocking of steps in production that follow 

an inspection might be necessary for some products but can impair the flow of production 

for other products. 

To help employees cope with vast changes, certain procedures in the quality control 

process can be implemented in stages. For example, implementing the ERP enabled 

process control first and implementing data input in the ERP interface later in stages. 

Having production workers to abruptly start using the ERP interface and inputting data 

concurrent with production procedures can cause problems to the overall production pro-

cess. Therefore, at beginning stages of implementation data input would still be done in 

paper documents and transferred to the ERP system. Inputting data into the system later 

and not concurrent with production procedures would also be a good opportunity to train 

production workers in using the ERP system 
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It was widely agreed in the case organization that high-level managers should guide the 

actions more and create targets for business units and business functions. This is also 

supported by literature (e.g. Povey 1998, Huq et al. 2006, Fasna & Gunatilake 2019). In 

addition, commitment and support of management are important to enable sufficient re-

sources for the implementation. When allocating resources for the implementation, nec-

essary roles like process owners and other persons responsible for activities need to be 

determined. Also, it can be beneficial to divide different tasks regarding the implementa-

tion into smaller pieces. Importance of assigning responsibilities and dividing tasks were 

also noted by Povey (1998). 

The implementation requires a lot of resources which could be a challenge for some 

departments. However, the implementation should produce process improvements in the 

long run as processes are unified within the ERP system. This makes the allocation of 

resources worthwhile. In addition, a unified way to operate globally among different busi-

nesses enables utilizing a specific resource in multiple cases. For example, an expert of 

a unified process can provide expertise globally as opposed to having local processes 

and dedicated process experts for each location. 

Line managers have a key role in the implementation as they are responsible of driving 

the implementation thoroughly among their team members. Besides having line manag-

ers drive the implementation forward, the case organization could utilize its organiza-

tional structure more widely. Organizational structure is identified as one of the factors 

affecting implementation success according to Al-Mashari & Zairi (1999). The case or-

ganization has different organizational structures for different purposes. Product organi-

zations are responsible for their products globally whereas area organizations control 

activities locally within their areas. For example, global organizations would organize the 

process definition and process control aspects regarding their products while area or-

ganizations would proceed with the practicalities of implementation within their areas. 

Challenges will, according to employees of the case organization, arise in the activity-

level of quality control. For example, the switch from inputting quality control data into 

the ERP interface instead of a paper document. These kinds of significant changes in 

ways of working will require thorough and effective training and possibly dealing with 

resistance to change (Huq et al. 2006). Section 2.5.2 provides ways to combat any chal-

lenges related to change management during the process implementation. One method 

mentioned in Section 2.5.2 was also discussed in the interview of the operations man-

ager. This method involves increasing the involvement of employees in order to deal with 

resistance to change. 
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Thorough implementation requires formal and well-planned sessions to train and instruct 

employees (e.g. Povey 1998, Huq et al. 2006, Fasna & Gunatilake 2019). In these ses-

sions a well-defined and documented process should be introduced and clear instruc-

tions for every procedure in the process should be laid out for the employees. However, 

it is also important to listen to the employees for new ideas (Kane et al. 2015). That is 

also a good method for increasing employee involvement in the implementation. 

The flowchart presented in Figure 5.3 could be used for informing, training and instructing 

employees for the new process. However, driving implementation into more specific ar-

eas that the flowchart of Figure 5.3 does not involve will be required in the future. There-

fore, more detailed flowcharts depicting subprocesses of the whole process should be 

made and used when instructing employees. 

Well-defined processes and instructions are important as it was mentioned in Section 

4.3 that employees should not have varying interpretations about the process to be im-

plemented. Misconceptions about the process can spread among employees which 

would hinder the implementation. Also, it should be made clear for employees that oper-

ating in the old ways of working is not possible (Fasna & Gunatilake 2019). Besides, 

without a well-defined process and clear instructions, employees could create work-

arounds for certain procedures in the process. This would not be desirable to enable 

proper control and monitoring of the process and its data. 

As mentioned in Section 4.3, both managers interviewed in the thesis agreed that some 

form of criteria for assessing the thoroughness and effectiveness of implementation 

would be useful. Examples of these kinds of KPIs were mentioned in Section 4.3. If global 

implementation materialized in stages, it would be possible to utilize the determined KPIs 

in later stages of implementation and adjust the KPIs or the implementation process ac-

cordingly. In this regard, KPIs of the earlier stage implementations would provide im-

provement suggestions for later stages of implementation. 
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Table 6.1 Detailed steps for further implementation according to the synthesis 
framework. 

Step in the synthe-
sis framework 

Task Subtask Responsible 

Develop action plans 

Set up item data 
management for 
other product fami-
lies and products ac-
cording to their pro-
duction characteris-
tics 

Arrange meetings 
with stakeholders in-
volved in production 

Process level 

Create a link to mi-
grate supplier data to 
be utilized in data 
processing similarly 
as in-house data 

 Process level 

Define scopes of im-
plementation and im-
plement in stages 

Assign responsible 
leaders for each 
scope 

Enterprise level 

Assign and involve 
local and global units 
to support implemen-
tation 

Enterprise level 

Train process 
stakeholders 

Organize training 
sessions 

 Process level 

Involve employees in 
defining ways to op-
erate 

 
Process level, 
activity level 

Instruct the process 
Utilize process 
flowcharts 

Process level 

Implement 
measurement and 
control 

Define KPIs for as-
sessing effectiveness 
of implementation 

Utilize KPIs in later 
stages of implemen-
tation 

Enterprise level, 
process level 

Define a process for 
continuous improve-
ment 

Horizontal reporting 
of data analytics 

 
Process level 

Operationalize the 
process 

Execute according to 
the defined scopes 
and stages of imple-
mentation 

Gather data and use 
as reference in later 
implementations 

Enterprise level, pro-
cess level, activity 
level 

Continuous 
improvement 

Assess and utilize 
improvement sug-
gestions 

 
Process level, 
activity level 

Evaluate 
performance 

  
Enterprise level, pro-
cess level, activity 
level 

 

6.3 Assessment of the Results 

The findings of the thesis are assessed on two purposes. The first is assessing how the 

research followed the synthesis framework described in Section 2.6 and the second is 

how the objectives of a constructive research were achieved. 
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According to the steps in the synthesis framework, the steps in the conceptual phase 

(steps 1-3) were completed in the case organization before the thesis. Commitment to 

the project was gained since multiple participants were assigned to the project before 

the thesis work commenced. Thus, the third step of establishing participants was also 

fulfilled. However, the commitment of top management may not have been on the level 

that literature suggests as it was stated in the interviews that more defined objectives are 

needed from top management to guide the implementation forward. The step of analyz-

ing processes to identify development opportunities is conducted in the case organiza-

tion within the ERP implementation program and this step is thus fulfilled. 

The workflow design phase includes the steps of analyzing the current process and de-

veloping the target process. These steps were completed fully as managers from all the 

management levels took part in the analysis and development in the form of collaborative 

meetings or interviews. For the interviews, a root design of the process was created and 

used as an introduction to further development. The meetings and interviews produced 

information that was used to develop the target process further iteratively as suggested 

in the constructive research approach. Iterations of the target process were developed 

also according to the pilot tests and the workshop. Assessing requirements for the pro-

cess listed in Table 5.1 demonstrate that the process was developed according to the 

case organization’s objectives. 

Preparing and testing a prototype of the process in the implementation phase was con-

ducted according to the synthesis framework. Process and activity level managers par-

ticipated in setting up the process in the ERP system as well as testing usability of the 

process. Next step in the implementation phase which is also the last step included in 

the thesis work was conducted by arranging a workshop. Plans envisioned in the work-

shop were combined to the rest of the research findings and action plans for the imple-

mentation were then developed. 

The constructive research approach was a suitable choice of methodology for conduct-

ing this thesis. The approach discussed by Lukka (2000, 2003) and Tuomela (2005) 

provided clear guidelines for conducting the thesis from the beginning stages to the data 

collection and ultimately to the discussion. This research successfully fulfills the core 

features of a constructive research listed by Lukka (2000). The following list provides 

descriptions of the core features in the premise of this thesis: 

- The research provides a practical solution to improve quality control in an indus-

trial company 

- The solution is constructed in close collaboration with the case organization 
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- Implementation of the solution is pilot tested, and applicability of further imple-

mentation is inferred 

- Prior theoretical knowledge is linked to the solution, and the findings of the re-

search are reflected to theory 

The completion of phases 1 to 5 in the constructive research process are described in 

Section 3.2. However, the completion of phase 6 (Considering the scope of applicability 

of the solution) and phase 7 (Determining theoretical contribution) need to be discussed 

further in order to validate success of this constructive research. 

Kasanen et al. (1993) describe market-based validation to assess validity of constructed 

solutions. There are three levels of market tests which are the following: 

- the weak market test: at least one manager responsible for financial performance 

is willing to apply the solution to complement decision-making. 

- the semi-strong market test: the solution is implemented widely in the organiza-

tion. 

- the strong market test: using the solution has systematically improved financial 

results. 

In the premise of this constructive research it is quite difficult to determine the market-

based validation since the complete implementation of the target process will take place 

in the future. However, it is already determined that the implementation will be global and 

thorough, and, in that regard, the semi-strong market test will be passed. Also, if the 

attainable improvements of the target process were to be achieved, financial results 

could be systematically improved, for example, through decreased quality costs. There-

fore, the strong market would be passed. 

According to Lukka (2000) theoretical contribution is achieved if the constructed solution 

is working properly and regarded as important among the practitioners. The target pro-

cess in this thesis was working in the pilot tests, however, the situation could be different 

in a broader scale implementation. Nevertheless, the target process is regarded as im-

portant in the case organization within the business transformation induced by the new 

ERP system. Therefore, based on the success of pilot testing and the case organization’s 

view on the target process, theoretical contribution is achieved in this thesis. 
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7. CONCLUSIONS 

7.1 Achievements of the Research 

The objective of the thesis was to design the digital quality control process and to assess 

the case organization’s readiness for global implementation of the process. The process 

was designed successfully, and the flowchart of the process is illustrated in Figure 5.3. 

Readiness for implementation was assessed through wide data collection throughout the 

thesis. It was found out that the digital quality control process is feasible, but more work 

is needed for wider implementation beyond the scope of the pilot tests conducted in this 

thesis. Also, readiness for implementing the activity level procedures of quality inspec-

tions is not at a desirable level. Therefore, more training is required in using the ERP 

interface during quality inspections. 

Answers to the research questions are provided through literature research and empiri-

cal research in the case organization. The main research question concerns how to 

achieve thorough implementation for the designed target process. A model for a thor-

ough implementation was provided through literature review in the form of the synthesis 

framework in Section 2.6. The findings from literature conclude that the process re-engi-

neering involves all levels of the organization and that the implementation needs to be 

driven by top management. The re-engineered process should be analyzed thoroughly 

to discover improvement opportunities according to performance and value. The re-en-

gineering causes changes to familiar ways of working which requires aligning organiza-

tion towards process-focused goals and managing issues caused by the change. The 

most prominent issues in the case organization caused by barriers to change were found 

in the activity level when radical changes to familiar procedures in quality inspections are 

implemented. Another challenge is found in the restructuring of the item data process to 

enable the ERP-based control in the process. 

In addition to the main research question, the thesis answers to three sub-questions. The 

sub-questions concern process improvements gained by digitalization and requirements 

for the digital process in terms of data processes and cross-functional collaboration. 

According to literature, digitalizing quality processes can provide improvements in the 

whole industrial value chain. Typical improvements include process monitoring, real-time 

data collection and analytics. Collection and analysis of data also improves decision-

making. (Radziwill 2018, Küpper et al. 2019) Despite these studies being conducted 
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within a broad scope and range of industries, similar results were found in the case or-

ganization of this thesis. However, many studies of digitalization of quality discuss about, 

for example, artificial intelligence, machine learning and smart sensors which was not 

the objective in the case organization and in this thesis. It was noted during this research 

that studies involving digital process control and analysis of data enabled by an ERP 

system are not readily available. Therefore, it is relevant to note that the studies about 

process improvements utilized in this thesis are general studies and not specifically con-

nected to the premise of this thesis. 

Findings from literature about data systems requirements introduce aspects of data con-

nectivity, process-focused way of working and cross-functional characteristics of quality 

(e.g. Jacob 2017). It is concluded that utilizing ERP systems enables all these aspects 

(Sun 2002, Huq et al. 2006), and therefore ERP systems are a great platform of digital-

izing processes. Section 5.1 presents the data systems requirements identified by the 

case organization. These are similar to the ones found in literature, but the requirements 

of the case organization include also usability of the ERP interface and flexibility of the 

digital process to meet evolving demands. 

Quality processes require collaboration of different functions of an organization as quality 

management inherently includes multiple stakeholders. Therefore, it is apparent that 

quality processes need to be cross-functionally managed. This leads to more process-

focused operations instead of functions being siloed. (da Silva et al. 2012, Kane 2015, 

Jacob 2017, Küpper et al. 2019) It was found in this thesis that implementing an ERP 

system to control quality processes is a good way to enable and improve collaboration. 

Similar results are also discussed by Sun (2002) and Huq et al. (2006). These studies, 

however, did not specifically determine which activities should be conducted by each 

business function in a cross-functional quality process. This is determined for the digital 

quality process designed in this thesis. The activities of the process that require collab-

oration are assigned for the business functions, and responsibilities of these activities 

are also indicated. Figure 5.3 presents these findings. 

Major practical significance was achieved in the research since the plans for the target 

process designed in this thesis pass the strong market test introduced by Kasanen et al. 

(1993). Also, the findings of the research are of significance according to the case or-

ganization. The findings provided valuable information that was utilized during the re-

search when designing the target process. Also, information that will be helpful in the 

future when proceeding with the implementation was provided. 
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As was mentioned already in Section 6.3, theoretical significance was achieved since 

the target process is regarded as important in the case organization. However, the thesis 

contributes to the theory also in other ways. Literature has prior to this thesis lacked 

research about ERP-controlled digital quality control processes. This thesis, however, 

provides information on how digital aspects of ERP-control can be utilized in quality con-

trol. Also, the framework for implementing such digital processes complements to the 

theory. The new kind of digital quality control process would most likely cause needs to 

change ways of working in organizations implementing such a process. Therefore, a 

formal framework is needed to achieve a thorough and effective implementation. After 

all, according to Champy (1995), 70% of BPR initiatives fail. It is undoubtable that with a 

proper plan for the implementation the chances of belonging to the other 30% signifi-

cantly increases. 

7.2 Practical implications 

Although the premise and objectives of this thesis are specific for the case company and 

its goals for the ERP system implementation, this research can provide insights for other 

organizations as well. This thesis introduces topics of quality control digitalization, busi-

ness process re-engineering and process implementation. These topics are investigated 

during an ERP system implementation and business transformation. Many organizations 

can be in a similar situation when implementing a new ERP system or otherwise rede-

signing processes utilizing digitalization. 

The constructed target process is specific to the situation of the case organization and 

its ongoing ERP implementation project. Therefore, recreating similar results elsewhere 

would require a similar premise. Industrial companies seeking to utilize ERP systems in 

their quality control can find the most value from this thesis. However, the developed 

digital quality control process, its requirements for collaboration and data systems, and 

its implementation is just an example of a BPR implementation that companies can un-

dergo. Thus, the process development methodology and implementation frameworks 

used in this thesis could be applied for other kinds of process development and imple-

mentation initiatives as well. Therefore, the thesis provides contribution even beyond 

development of digital quality processes and thus could provide benefits to wide range 

or practitioners. 

7.3 Reliability and Validity of the Research 

Limitations for the research are imposed by two aspects. The first is having to scope out 

some activities due to the limited time available and having to maintain an appropriate 
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focus regarding the viewpoint of the thesis. Because of the six-month schedule set for 

the thesis, the implementation of the digital quality control process was not able to be 

completed during the research. The time frame is short in a sense as, according to Su-

omala & Lyly-Yrjänäinen (2011, p. 104), immersive case studies like this thesis typically 

last years. If there had been more time available, more steps and activities from the 

synthesis framework could have been executed.  With more steps executed, the imple-

mentation had been studied further and more findings could have been made regarding 

the main research question about the thoroughness of implementation. However, the 

thesis successfully answers to the main research question by laying out necessary re-

quirements for a thorough implementation. But with more time to study the implementa-

tion, the applicability of the requirements could have been confirmed. 

The other aspect that can lead to research limitations is the trustworthiness of the re-

search and its findings. Guba (1981) proposes four criteria that can be used to assess 

trustworthiness of a qualitative research. These four criteria are credibility, transferability, 

dependability and confirmability. The four criteria are detailed according to Shenton 

(2004) and discussed how each criterion was considered in this thesis to produce trust-

worthy results. 

Credibility, a key criterion for assessing validity of a research, concerns ensuring that 

the research truly measures or tests the phenomenon that was intended and that the 

findings coincide with reality. In this thesis well-established research methods were used 

which increases credibility (Shenton 2004). The method of pilot testing is an integral part 

of the constructive research process and therefore an important data collection method 

for the thesis. The development workshop arranged to assess the target process and 

plan its further implementation was encouraged by the case organization. Workshops 

are also suggested by Povey (1998) and Fasna & Gunatilake (2019) as a part of BPR 

projects similar to the one in this thesis. 

Utilization of multiple data collection methods is a method of triangulating data which 

increases credibility (Shenton 2004). When collecting data through multiple methods, the 

informants of the data collection were informed how the collected data will be used and 

that the informants’ anonymity will be kept. This ensures honesty of the data (Shenton 

2004). Alongside the data collection, frequent debriefings were held with members of the 

research project. Gathering perceptions and insights from others can help broaden the 

researcher’s vision as well as indicate alternative approaches and draw attention to any 

possible flaws in the research plan (Shenton 2004). 
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Developing familiarity with the culture of the case organization is regarded as another 

factor inducing credibility to a research (Shenton 2004). Gaining familiarity in the form of 

practical and theoretical understanding about the research topic and the case organiza-

tion is also an important phase in the constructive research approach. Thus, appropriate 

familiarity with the case organization’s culture was gained during the research when go-

ing through the constructive research process. 

Transferability concerns the extent of which the context of the research is described in 

order that the reader can justify applicability of the research and its findings to other 

settings. Transferability is achieved in this thesis through the detailed description of ac-

tivities provided. After all, providing a clear description of the research process is char-

acteristic to the constructive research approach. These descriptions are presented in the 

most transparent way possible without disclosing any sensitive information about the 

case organization’s strategic and operational objectives. Complying with the non-disclo-

sure agreement, all specifics could not be described in this thesis which somewhat de-

creases the transferability. However, regarding the objective of the thesis, enough infor-

mation about the research process is provided. 

Dependability concerns the ability of the research to be able to be repeated exactly by 

another researcher to reach similar results. Proper dependability can be achieved by 

including the following in the research report: description of what was planned and exe-

cuted in terms of research design, description of data collection activities done in the 

field, and reflecting effectiveness of the research process. Dependability and credibility 

are linked in a sense that proper credibility often ensures dependability as well. In that 

regard, triangulation of data collection methods used in the thesis also increases de-

pendability in addition to credibility. (Shenton 2004) 

Other ways to demonstrate dependability in this thesis are the given descriptions about 

the research. The research plan and the premise which determines some qualities of the 

research are given in detail in the Introduction. Data collection of all methods used are 

described in detail in Section 3.3. The findings are assessed and reflected in Section 5.4 

and in the Discussion.  

Confirmability concerns demonstrating that the findings have originated from the col-

lected data. To achieve confirmability the researcher must be objective towards the data 

and recognize any preferences that might affect objectivity. Also, to achieve confirmabil-

ity the researcher should thoroughly describe how certain decisions were made and how 

the chosen methods were adopted. (Shenton 2004) 
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Choosing the research approach as well as decisions of research process, data collec-

tion and data analysis were thoroughly detailed in this thesis. When presenting findings 

from the data, it was described from which data collection method the information is 

gained. Objectivity of the researcher is not risked by having any preferences towards the 

research as the researcher was new to the development project conducted within the 

thesis. However, as the data collection and analysis were conducted for almost the whole 

duration of the research, some preferences towards the objectives of the research may 

have formed. Therefore, any contradicting data towards the thesis objectives may have 

been unintentionally underemphasized. Also, as multiple data collection methods were 

used and the data from multiple sources were combined, some modifications needed to 

be made to present the data. When presenting the combined and modified data, any 

contradicting findings may yet have been unintentionally underemphasized. 

7.4 Ideas for Future Research 

During the research process a few possible topics for future research were identified. 

Measuring effectiveness of transformation was mentioned in one of the interviews in this 

thesis. However, when assessing the readiness of the case organization to adopt the 

target process and thus undergo a major business transformation, no methods to meas-

ure the transformation were suggested. Therefore, conducting research about how to 

measure transformation in industrial companies could provide useful information. More 

specifically, information about industrial companies undergoing digital transformation 

would be interesting and provide relevant information relating to this thesis. 

Continuing with the digitalization of industrial companies another future research topic 

can be suggested. Kane et al. (2015) and Fitzgerald et al. (2014) discuss digital strate-

gies of companies. Sikdar & Payyazhi (2014) discuss the need of having organizational 

alignment when conducting BPR. Regarding this thesis, it would be interesting to conduct 

research on digital strategies of industrial companies similar to the case organization. 

Worth researching would be the propensity to adopt digitalization and initiate BPR pro-

jects involving digitalization in industrial companies. It would be relevant to also know 

how these companies involve digitalization in their strategies and how do they align their 

organization to prepare for BPR driven by digitalization. 
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APPENDIX A: BEST PRACTICE BPR 
METHODOLOGY ACCORDING TO POVEY (1998) 

Steps Description and activities 

1. Executives to be person-
ally involved in the ef-
forts 

- Creating a vision 
- Developing strategies 
- Achieving active commitment 
- Particularly important when change is radical 

2. Analysis of processes 
and selection of priorities 

- Each process to be assessed 
- Prioritize development to the most critical processes 
- Assess processes based on customer perception, perfor-

mance or business value 

3. Train staff, form im-
provement teams and 
plan next phase 

- Designate process owners 
- Train teams in the tools and techniques of process im-

provement 

4. Develop a root design of 
the re-engineered pro-
cess 

- Establish the purpose or objectives 
- Understand perspectives of all the stakeholders of the pro-

cess 
- Identify sources of resistance to change 
- Create conditions and culture for successful change 

5. Map and analyze the 
current process 

- Identify essential value-adding activities 
- Identify problems to be eliminated 

6. Develop the target pro-
cess 

- Consider new technologies and their capabilities to achieve 
process objectives 

- Benchmark others using similar operations 
- Analyze root causes of problems identified in the previous 

step 

7. Compare the current and 
the target process 

- Identify all needed changes 
- Understand implications of the changes 

8. Assess cultural and sys-
temic feasibility 

- Conduct process walk-throughs, simulations and pilot tests 
to identify and anticipate possible problems with implemen-
tation 

- Utilize perception data gathered in step 4, obtain more 
feedback, and finalize changes 

9. Develop action plans - Divide tasks into small pieces 
- Assign owners to be held accountable for every activity 

made 
- Manage resources, actions, schedules and milestones of 

the project 

10. Train staff in the new 
process 

- Training is needed to ensure correct operation of the pro-
cess and to help remove fears and uncertainties caused by 
change 

- Strengthen commitment and involve people 
- Do not force change and give a sense of choice 

11. Roll out the new process - Have defined requirements and a measurement system 
- Ensure the process is stable and consistently meeting re-

quirements 

12. Implement continuous 
improvement 

- React to evolving customer needs 
- Strive for reduction of costs and cycle times 
- Follow emerging technologies and capabilities 

13. Assess processes regu-
larly 

- Detect when process no longer meet ever-changing re-
quirements 

- Analyze data gathered by measurement system imple-
mented in step 11 and repeat process assessment of step 
2 

14. Re-engineer process 
when necessary 

- Act before the deteriorating performance of the process 
starts affecting business 

- Initiate another process improvement starting from step 1 
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APPENDIX B: INTERVIEW STRUCTURE OF THE 
PROCESS SPECIFIC INTERVIEWS 

Theme Question 

Current quality control 
process 

How do you/your business function participate in defining quality 
control currently? 

What challenges are there in the current quality control process 
from your perspective? 
Specifically, system usability and data usability 

Is the current set up of inspection reports reasonable 

Current item 
management 

How do you participate in item management process currently? 

How does quality master data affect items currently? 

How are you considering quality inspection requirements cur-
rently? 

Objectives of target 
state process 

Is it clear what is required to achieve the target state of digital qual-
ity control? 

How to define quality master data to control the process? 

How does quality master data affect item management process in 
the target state? 

What kind of collaboration is needed between different functions 
in the target state? Why is it needed? 

Development of target 
state process 

What requirements and needs do you see for the master data and 
ERP-based process? 

What opportunities are there for work queue, data content and 
documentation? 

What opportunities (operational or business improvements) do 
you see in using the target state process? 
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APPENDIX C: INTERVIEWEES OF THE PROCESS 
SPECIFIC INTERVIEWS 

Job title Business function Date Duration 

Product Manager Product Management 22.4.2020 48 min 

Development Man-
ager (Global Imple-
mentation Owner, 
Quality) 

Quality Management 27.4.2020 38 min 

Group interview: Two 
Production Planners 

Production Planning 29.4.2020 1h 20 min 

Operations Support 
Manager (Local Im-
plementation Owner, 
Master data) 

Sales & Operations 
Planning 

11.5.2020 56 min 

Quality Systems 
Specialist 

Quality Management 12.5.2020 50 min 

Global Key User Quality Management 14.5.2020 60 min 

Global 
Implementation 
Owner 

Production 19.5.2020 51 min 

Supervisor Production 25.5.2020 40 min 

Quality Technician Quality Management 28.5.2020 (E-mail) 

Group interview: De-
velopment Manager, 
Supervisor and Pro-
duction Planner 

Engineering, 
Production, 
Production Planning 

17.6.2020 69 min 
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APPENDIX D: INTERVIEW STRUCTURE OF THE 
MANAGEMENT INTERVIEWS 

Theme Question 

Current state if quality control 
What challenges are there in current quality 
control from your perspective? 

Target state of quality control 

What are your expectations for the target 
state quality control process? 

What kind of business benefits would be 
achieved? 

How collaboration should be organized be-
tween the stakeholders in quality control? 

Implementation 

What would be the biggest challenges for 
global implementation? 

Can you describe some approaches of change 
management needed for a thorough imple-
mentation? 

What would be the criteria for assessing the 
organization's readiness for global implemen-
tation? 
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APPENDIX E: INTERVIEWEES OF THE 
MANAGEMENT INTERVIEWS 

Job title Business function Date Duration 

Director of delivery 
operations 

Operations 26.5.2020 41 min 

Director of 
management 
systems 

Finance 3.6.2020 52 min 
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APPENDIX F: QUESTIONNAIRE FOR THE PILOT 
TESTING 

Objective for the questionnaire is to gather information about user-experience of the ERP 

system for conducting quality inspections alongside production operations and inputting 

inspection data to the system interface. Initial questions are for categorizing the re-

sponses. Usability questions (adapted from Singh & Wesson 2009) are for assessing the 

usability and user-experience of the ERP system. Development questions are for devel-

oping the quality control process further. 

Section 1: Initial questions (Choice selection) 

1. Which business line do you belong to? 

2. Which business function do you belong to? 

3. How much experience do you have from using the new ERP system? 

Section 2: Assessing usability of the ERP system (Likert scale) 

4. Navigation of the system and access to information 

• Necessary functionalities of the system can be found quickly and 

easily. 

• User-interface supports navigation and guides user through the 

process. 

• Functionality to search for information is available. 

• Information is easily found. 

• Multiple ways to navigate the process supports different interac-

tions styles. 

5. Presentation and visuality of the interface 

• Information provided by the interface is appropriate and under-

standable. 

• The interface enables clear visibility into other functions besides 

quality. 

• The user interface is intuitive. 

6. Task support 
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• The terminology used by the system is compatible and consistent 

with the terminology of the user. 

• The system develops and supports information flow between de-

partments. 

• The information provided by the system is in real-time. 

• The system supports efficient completion of quality control tasks. 

• The system automates redundant routine tasks. 

• Clarity and productivity of quality control work are increased. 

7. Learnability 

• Functions of the system can be learned intuitively by using the 

system. 

• Functions of the system can be learned quickly. 

• The system is intimidating and complex to learn. 

8. Customization 

• It is easy to update processes in the system or add new ones. 

• The system supports user-level customization. 

Section 3: Functionality and development of the digital quality control process 

9. Compare features of the digital process to the former way to operate. (Lik-

ert scale) 

• It is useful to connect quality inspections to product structures and 

items. 

• It is useful that contents of the inspections are assessed together 

with process stakeholders before implementing them in the ERP 

system. 

• The digital process controlled by the ERP system improves oper-

ations compared to the former way to operate. 

10. What advantages can the ERP controlled process provide? 

11. What disadvantages comes with the ERP controlled process? 

12. How could the ERP controlled quality control process be developed fur-

ther? 



107 
 

APPENDIX G: QUESTIONNAIRE RESULTS OF 
ERP USABILITY 

Usability of the ERP system was measured according to the criteria discussed by Singh 

& Wesson (2009). Fulfillment of the five criteria (Navigation, Visuality, Task Support, 

Learnability and Customization) was assessed based on the agreement of responders 

to the usability questions in Appendix F. Number of participants is 14. Questions from 

each of the five usability criteria were grouped together resulting in number of responses 

for each criterion to be greater than 14, and therefore percentages of the responses were 

used in this data visualization. 

 


