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ABSTRACT

The implementation and application of Enterprise Resource Planning (ERP) support the
organizations in managing their resources, processesto integrate all the business
processes into a single unified platform. ERP system application increases the
information flow between the departments or business units worldwide, as well as
collaboration with partners, supplieesxd customers. On tlegher hand, Industry 4,.@s

a new technological concepims to support organizatisto complete digitalization and
automationof their processes and funct®rspecifically in the manufacturing Industry.

This study analyzes the evolution of ERP gysteand the current trends dfeir
implementation and application, also the organizaioreadiness for further
digitalization. Many studies confirm that organization are struggling in the
implementation and applidgan of ERP systemdn supportof the evalation of the
maturity of implementation and application of ERP systems, three maturity models are
identified during this study, but they lack defining the completegs® which suppat

the organization to check their maturity level of ERP systems by themselves. The study
analyzes the impact of different factors tlaffiect the successful implementation and
application ofan ERP system. In addition, this study hagestigaed whether strategic

use of IT positively affects the ERP selection, implementation, and application process,
as well as if appropriate ERP selection has a positive effect on the implementation and
application and the role of ERP implementation anERP applicatiorAlso, the impact

of the applicationon Business Perfmance Based on the undertaken study, a new
maturity model to measure the implementation and applicatien®&RP system is
proposed. The proposed ERP Maturity Model (ERPMM) willpgarp organization$o
understandtheir organization status related to the ERP system implementation and
application. A prototype that applies the proposed maturity model is developed in support
of the organization for selévaluation.Primary data was usetd analyze if the ERP
application can be used to predict the readiness of the organszftroimdustry 4.0.
Furthermorethe study presents an analysis of the integration of ERP and Industry 4.0
and does ERP application support the organization to ¢hduky are ready for further

digitalization, specifically for Industry 4.0 technologies.

Keywords: ERP systemimplementation, applicatiomaturity model, Industry 4,ew
technologiesdigitalization
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1. INTRODUCTION

Doing business in the era of globalization, by providing services and products for
customersin most industries is becoming motemplexand more internationalized,
which means that managing and using information efficiently is very important for the
succas of modernorganizations Managing all operations in a company requires
information systems that can integrate aigvingfrom managerialevelto production
andmust beavailable for use at any time and accurately. Marganizationsare using
solutions thatinformation technologyrovides, such as Enterprise Resources Planning
(ERP)systemsThese systemsupport organization tmanage theiresourcesprocesses

and integrate all the various operations to increase the flow of information within the
company as well as collaboration with partners, suppliers, and cust&@R&ssystems
assistan organizationn many areas starting from increasing bettérmation sharing
between departments, improving workflow, better supply chain managentegtation

of data, processes, and technology in-tima¢ across internal and external value chains
(Mabert et al., 2003; Shang & Seddon, 2002; Thomas F. Gattiker,. Fa0®H)ermore

they declare thahese systems suppdine standardization of various business practices,
improve order managemenand accurate accounting information of inventory

management.

On the other hand, industrial production started witHiteegenerationwhere machines
wereused formechanized produion by using water and steairhe secondgeneration
beganwith mass production by using electricifjhe hird generatiorcameas a result of

theusageof computers and electronics to autonranufacturing processes

13
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Moreover, now, we have the 4th generation or Industrywihich is in the beginning
phase This generation enablesomputers and automatiaonnectivity by using loT
devices, starting from suppliers, distributors, manufacturing facjlisestage when
robots and machindgmvebegun to replace human workeaiad also collaborate with them
(Forbes, 2016; Haddara & Elragal, 2015)

This studyanalyzes the evolution of ERP systems and the current trends of ERP systems
implementation and application by idegtifg the currentchallenges of ERP systems
implementation and application and the challenges to integrate thesyReémand
Industry 4.0.The Webster and Watson approach was usethéoliterature reviewto
understandhe current state of the art of ERP teyss and Industry 4.0/ebster &
Watson, 2002)The literature is collected from electronic databases from the field of
Information Systems, Computer Sciencasd Business Managemeiats well asthe
industry opinions and reporéseconsidered because of their expertiskich ha avital

role in the undertaken study. The applied approadendedto identify the problem
statement and to define the aim and objectives ofdbearchBased orthe aim and
objectives of the studyesearch questions and hypo#sdsave been generated

Based on the undealten studyit is proposé a new maturity mode(ERPMM) to
measure the maturity of implementation and applicationthefERP system in the

organization.The quantitative methodology was applied checkthe reliability and

14



validity of the proposed modeThe proposednodel(ERPMM) to measue the maturity

of ERP systenimplementation and applicatiomill supportorganizationsn generating

a clear picture of themrganizatiorstatus related to the ERP syst@enplementation and
application. In this way, tlyecanevaluate the benefits of implementation and application
of an ERP system, and whether they should do something in the way they are applying
the ERP systemThe study also anatgs the impact of different factethat affect a
succesfu ERP system implementation and application.

Moreover, it has been examinedtlife strategic use of IT positively affects the ERP
selection, implementationand application processs well asif appropriate ERP
selection ha a positive effect on the ERP implementatiomdaapplication.The study
analyzed the relationship between different stages of ERP implementation and
application The results of the studwevealthatthe ERP application has a positive impact
on business performance aBed on the proposedaturty model it has beemeveloped

a prototype that suppor the organizatios to evaluateits status of ERP system
implementation and applicatio®n the other hand, the study presert analysis of the
integration of ERP and Ingtry 4.0 which is done based on seconddata Whereas,
primary data was used to anadyif the ERP application can be used to predict the
readiness of the organization for Industry 4.0ug tthisstudy presents the chailges of

integration of currenERP systems with Industry 4.0.

1.1 Problem statement

Nowadays, to create a competitive advantageganizationsmust be effective and
efficient in managing andlelivering their services and products. This can be achieved
through the digitalization dfusiness processasore specificallywith the help of ERP
systems. An ERP implementation requires to have standardized processes for all the
functiors of the orgaization. In the context of ERP systems, these processes are
supportedby IT resources.According to a survey in 2018, Panorama Consulting
Solutionsshows that the main reasons why organizatimplement ERP systems are to
improve business performanog64%, to position the company for grow#md to reduce
working capital by 57%Panorama Consulting Solutions, 2018pased on the same
survey, 42% of the organizations declatteatthey had success in the implementation of
the ERP system, 30% still doot know and, 28% failed in the implementation process.

The implementation and application of ERP systems is a long process that has to go

15



through several phases to achi¢kie implementation and application of ERP system

maturity.

During the implementation and application of an ERP system, there areCGniéiogl

Success Factor€EH that need to be analyzed to have successaimplementation

and applicationof ERP systemsSome of them arethe support of management in
changing business processes, ERP project management, to define business requirements,
to deermine the costs and duration of ERP implementatsord other CSF¢Ehie &

Mad<en, 2005; Ngai et al., 2008; Ram et al., 2013; Somers & Nelson, 2001; Umble et al.,
2003)

Based on the literature reviewurrently, the majority of thematurity models are not
clearly definedand cannotsupportthe organization directlyo evaluatdts ERP system
implementation and application llgemselvesThis study investigatethe factors that

have an impact onthe implementation and application of ERP systearsl the
relationship of different stages s implementation and apphtion in support of
developing a new maturity model helpthe organizatioin the process of evaluation of

the ERP systerand itsimpact on the business performance. Initially, shely aimgo
present an overview of the maturity situation of ERP systémplementation and
application in Kosovdased on quantitative resear@me datavhich will be collected

from the organizatiamnin Kosovo will be usedo validatethe new ERP system maturity
model. Also, Industry 4.0as a new concept in the field offénmation technology
presents several opportunities for integration of ERP systems and Industry 4.0.
Furthermore, lie study aims to identify the impact of Industry 4.0tloe ERP systems
approachand if ERP application can be used to predict the readiness of the organizations

for Industry 4.0

1.2 Aims and objectives

The overall aimof this thesisis to analyze challengeas well as tadentify crucial
elements of ERP systems implementation gudieation.Based on the undertaken study
a new maturity model fothe implementation and application BRP system will be
developed.Data gathering in support tfie development othe maturity modelwill be

done ondifferent industries in Kosovsuchas manufacturing, retail, ICT, professional

16



and financial services, public sector, education, heatth etc At the same time, the

researclwill try to understand the relationshyetweerdifferentstageof implemenation

and application of thERPsystens, business performancandindustry 4.0.

Objectives to be met after the completion of tesearch are

i

(I xS e B

To create a theoretical backgroundedRP lifecycle and models to meastine
maturity level of ERP systesrimplementation and application

To create a maturity model for ERP systemplementation and applicatipn

To determinethe relationship between different stages of implementation and
application of ERP systems;

To assesshe effect oERP applicatioron business performance;

To developa prototypeto measure the ERP maturity;

To create a theoretical background of Industry 4.0;

To definethechallenges to integrate ERP dndustry 4.0

1.3Researchquestions

This thesis will gather datnd analye themto answer the following research questions

1.

What is the relationship between ERP selection, ERP implementation and ERP
application withtheorganizatio® B Strategy?

What is the impact of ERP selection on ERP implementation ER&
application?

Does the ERP implementation have an impact on thedpRIRation?

Is there any significant evidence that ERP application has a positive impact on
organizatiorperformance?

What is the impact of Industry 4.0 on the ERP systems approach?

17



1.4Research hypothess

This researclwill test the followinghypothess to achieve the objectives of thieesis

Tablel Research hypothes

Strategic use of IT significantly and positively affects ERP
Implementation

Strategic use of IT significantly and positively affects ERP
Selection

Strategic use dfT significantly and positively affects ERP
Application

H1 Main Hypothesis
H1.1 SukHypothesis

H1.2 SukHypothesis

Appropriate ERP Selection has a positive impact on ERP
Application

Appropriate ERP Selection has positive impact on ERP
Implementation

H2 Main Hypothesis

H2.1 SukHypothesis

ERP Implementation has a significant and positive impact
ERP Application

ERP Application has a positive impact on Performance
Indicators

H3 MainHypothesis

H3.1 SukHypothesis

ERP Application can support organizatiomvaluate their

H4 Main Hypothesis readiness for Industry 4.0

1.5Thesis structure

In order to achieve the aim and objectie# the stud, this thesis is organidan eight
chapters. A short description for each of the chapters is described below:

U Chapter 1presentsan introduction to the thesis and a short overview of the main
concepts which are studied during the resedroh.problem statement is defined
to understand the relevante study this topicand based on thahe aim and
objectives of the thes are identified, followed by research questions and
hypothess are generated,;

U Chapter 2 presents the presiis studies related to the research topic, aititus
on ERP systems evolution, ERP implementation and application lifecule

other ERPsystem pointsthat are important to be investigated in order to generate

18



the necessary knowledge for further steps. Also, the IT governance frameworks,
maturity moded in general and current ERP maturity models are presented;
Chapter 3 introducesa detailed @proach that was applied to achieve the aim
and objectives of the thesis, starting by definition of research design, research
plan, questionnaire development and testing, selection of thealeseathods,

and sample size determination. Furthermthre field survey and field interviews
details are presented;

Chapter 4i presentsthe proposed matuyitmode| which is developed and
validated based on this study. The description of each construct of the model with
the detailed items and weigdmdthe maturity level classification are presented;
Chapter 5 presents the statistical approach and all the statisthalysis that
supported to check the reliability and validation of the model

Chapter 6 the results of the hypothestesting of the thesis are presented. For
each hypothesjghe testing results that supported or not the hypeshekthe
studies e discussed. Also, the answer to the research questions of the study are
presented in this chapter;

Chapter 7i the developed ptotype is presented and described, including the
presentation of thelient-side, serveside, and ER diagram for tldatabasge

Chapter 8the discussion and conclusion of the research and the contribution of
the studyare presented. Also, the future recommendation for the area of the

research topics proposed

1.6 Summary

The introduction to the research topg presentedinitially, it describeshe coneps

which are analgedin this thesisStartingwith an overall definition of the ERP systems

and theirrole in the organization and the industrial generation waitbcus n Industry

4.0. Also, the problem statementaims and objectivesof this study are defined.

Furthermore the research questions and hypothesre presented, including a short

description for each chapter of the thesis.
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2. LITERATURE REVIEW

2.1 Definition of ERP

Leon defines ERP asthe techniques andonceptsfor integrated management of
businesses as a whole from the viewpoint of the effective use of manageswmtes

to improve the efficiency of enterprise managerh@reeon, 2008)He declares that ERP
concepts are supported by ER&tkagesintegrated software packagesich can cover

all the business functions his bookhedefines"ERP software is a mirror image of the
major business processes of an organization, such as customer order fulfillment and

manufacturing” (Leon, 2008)

According to Monket al, ERP systems are core software programs that can support
enterprise information sharing in every businasxess ranging from entering data into

the system and generating information or reports that can help in planning through a
single databasgMonk & Bret J. Wagner, 2013 ERP systems support the efficient
functioning of business processes by integrating sales, marketodyction, logistics,
accountingand human resources tasks, as well as interconnection and coordination with

customers and suppliefslonk & Bret J. Wagner, 2013)

WallaceandKremzar in their book, state that ERP is not softwanedan ERP is not

only concerned with resource plang but also with other business proceq#®allace

& Kremzar, 2001) These authorpresenthe evolution of ERP ifour stepswhere ERP

IS now seen asnaenterprisewide set of tools that helps enterprises in three main
directions in forecasting, planning, and schedulasywell asin specific business
processes, like linking customers to suppliers on a supply chainjragsighe process

of decisioam&king and coordinang various business activities of sales, purchasing,
marketing, logistics, finance, operations management, product development and human

resource managemefWallace & Kremzar, 2001)

According to Aberdeen Groupghe ERP system offers complete mature business
applicatiors, providing the necessary infrastructure that can help in operational and
transactional system recor@sberdeen Group, 2008)hey view ERP as a strategic move
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in standardizing and automating business processes across the enterpsisdeattdt

implementation of ERP can be viewed as addedafaluthem(Aberdeen Group, 2008)

Gartner definedERP"as the ability to deliver antegrated suite of business applications.

ERP tools share a common process and data model, covering broad and deep operational
endto-end processes, such as those found in findmrean resource$iR), distribution,
manufacturing, service and suppmigan” (Gartner, 2013)Accordingto Gartner, ERP
systems can bappliedin many industries, and they help companies in different areas.
However,Gartnerdeclarel that theimplementation and application of such systems are

often complicated anthe costs araotalways easyo justify (Gartner, 2013)

According to SAP, ERP systems integrate all the core businessgses into a single
system, starting with finance, HR, manufacturing, supply chain, services, procurement,
and othemprocesse$SAP, 2018) These systems cassist inhavingbetter information
sharing between departments in +iae andcanprovide a clear view over the operation
inside enterprises by using ERP system ,datsich can give insight and help in the
decisionmaking process to manage the enterprise performaneer@attime (SAP,

2018)

Somers and Nelsommn an earlier studydefined ERP system as IT innovation, which
aims to enhance organizational performance by integrating all the deparizneint

functionsof an enterprise into a single computer sysf8omers & Nelson, 2001)

2.1.1 ERP evolution

The usage of #htechnology starteih the 1960s where most of thecompanies were
focused on productiorandthe need to apply inventory managemsygtemsemerge.
During this time most of the companies were focusedtmapplication ofacentralized
computing system for inventory management by using inventory control packages

(Rashid et al., 2002 able2 presents the evolution of ERP systems.
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Table2 Evolution of ERP

Year

Type

Objectives

2010s

2000s

1990s

1980s

1970s

1960s

Cloud ERP

Enterprise Resource Planning Il
(ERP 11)

Enterprise Resource Planning
(ERP)

Manufacturing Resourcédanning
(MRP 1I)

Material Requirements Planning
(MRP)

Inventory Control Packages

Usage of resources suabERP
systems froma distance withtthe
usage ofheinternet to enable the
availability, scalabilityand
flexibility of computer resources ir
supportto offer a single platform
for resource management of the
enterprises

New integrated modeas;
Application of ebusiness; Usage
of theInternet for communication
between ERP modules in differen

locatiors;

A single system for enterprise
management;

Better information sharing;
Improve interaction between
departments;

Improve order management;
Reduce costs, etc.

Finance Management;

Human resources management;
Resource Allocation;

Accuracy of results;

Optimized operation and
processes;

Availability of information
compared to MRP

Planning necessary products and
parts;

Management of stoeut situation;

Order management.

Inventory management;
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Forecast future inventory demanc

based on the products on the stor

Material Requirements Planning (MRP) - The ERP life beganwith the Material
Requirement$lanning (MRP), which was applied byhe manufacturing organizatien
to automate production and inventory management.

According to Rashid et alMRP systemsupportedhe master production schedule by
planning the necessary products and gaased orthebill of materials and helped the
prioritization of the productionsector(Rashid et al., 2002)

MRP helped the companies manage the statksituation, purchasinmappropriate
materials etc, by having a clear overview of the proditte companies proded,such

asraw materialsandstock management.

Manufacturing Resource Planning (MRP Il) - In the 1980s MRP evolved in
ManufacturingResource Planning (MRP). MRP Il systems aim was to optimize the
manufacturing operations and processesnbggrating the materials with production
requirements(Basoglu et al., 2007)Into MRP Il system were included financial
accounting, financialmanagement, distribution managemedémand management,
human resourgend engineerin{Basoglu et al., 2007; Rashid et al., 2002; Umble et al.,
2003)

According toGanestet al, MRP Il wasa new concept composed three components:
planning skills, data integrityand computing resources of different organization
departmergto ensure efficient usage of resour(@anesh et al., 2014)he integration

of different modules into a single systesupported companies to optimiaed prevent

unwanted situatiamand al® could helpas a simulatioin production and planning

Enterprise Resource Planning (ERP} With the application and success of MRP I, the
need tamprove and expand these systems appeared. By the, F986grise Resource
Planning (ERP) washe new version of MRP Il with new features. ERP enabled
organizatios to integrate all resource planningara single system for the enterpsse
starting fran product design, warehouse management, material planning, human
resources, finance, project management, production planning, sales and distribution,

controlling, operations and logistics managengeimble etal., 2003)
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The implementation of ERP resultedincreased productivity ahe organizatios and
helped them create competitive advantagesording to Sumnerthe incentivesof
organizatios to implement ERRBystemarethe following legacysystemgeplacement
simplification and standardaion of systems;gain of strategic advantagemprovel
interactions with supplierand customers;ease of upgrading systemink to global
activities;restructuing company organization argtessure to k&p up with competitors
(Sumner, 2@4). Also, in the same bookperformance outcomesf ERP system

implementation and applidgah arepresented

Table3 ERPperformance outcomesiopted bysumnerSumner, 2014)

ERP Performance Outcomes

Quickened information response time
Increased interaction across the enterprise
Improved order management/order cycle

Decreased financial close cycle

Improved interaction with customers

Improved ortime delivery
Reduced direct operating costs

Lowered inventory levels

Table 3 presents many performance outcomes organizatioenefits after the
implementationNowadays, there are differdBRP systenvendorsandthe most know

are SAP, Oracle, Microsoft, Epicor, Infand Open Source ERP or €omized ERP
systemsased on the organizatismeedsIntegration of all organization functions made
possiblefaster information sharing across the departments, improved communication
with clients and suppliers, better decision makiagd reporting which hasa direct
impact on the effectiveness and efficiency of organizations. While in the aspect of
inventory management, the delivery time was faster than the previous vemsiders
management was more accuratgeration costs wemdecreaed which led to decreased
financial costs.

Enterprise Resource Planning(ERP I1) - By the 2000st he new name AE
ERPsO was coi ned, o versiorivdsintegrated new maelutes suchl nt ¢
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as Decision Supporting Systems (DSS), CustoRaationship Management (CRM),
Knowledge Management (KM), Supply Chain Management (SCM), Business
Intelligence (BI), Data Warehousing (DW) abataMining (DM) with ebusiness also,

the internet was used for the first time for communication between different stakeholders
(Caserio & Trucco, 2018)n this new modele-commerce not only refers to buying and
selling, but is also about enhanced productivity, reaching new customers, and sharing

knowledge across institutions for competitive advan{agemas & Prusak, 1998)

Cloud ERP - While the technologies advanced with fast stepsiew innovative
technological approach called Cloud Computing appedteid.new approeh enabled
theusageof the internet for accessing and using IT resources &distanceAccording
to Abd EImonem et al., Cloud Computing providesorganization an environment with
low cost that enables availability, scalabiliand flexibility of computer resourcéébd
Elmonem et al., 2016)

Cloud Computing offers three typs of operation Infrastructure as a Service (laaS),
Platform as a Service (Paag@hd Software as a Service (Sga@)ich are described in
detail in ChapteR onIndustry 4.0 section(Wang & Xu, 2013)The application of Cloud
Computing allowed the upgrade of ERP to Cloud ERP to offer serinca cloud
environmenprovided via th&Saa§Caserio & Trucco, 2018 loud-based ERP doemt
require to install or configure any softwame the user siddt can be accessed by a web

browser over the internéAbd EImonem et al., 2016)

According to Casao et al.the main challenges @floudERP aredata security (servés
managed and controlled by the Cloud ERP Vendor) and integration (integration of
different application that organization hawo Cloud ERP because tfe diversity of
technologies applied by the vendor or the organizafi©ayerio & Trucco, 2018)

2.1.2 ERP architecture

At the beginning of MRP and MRP, lthe software packages were available only in
mainframe computer platfornfseon, 2008) In this way the usage othetrue potential
of these systemsasglimited. Later on, with the introducin of ERP,the client/server

environmentvas availablewhere a considered number of clients could use services from
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a single servent the same timeThe dient is considered the application of laptops,
computes, or other technologies thahablego request a service or share resources with
theserver. On the other harttie server is a connection point that hosts applications and
provides services for many clienBRP applis a threetier architecture: presentation
layer, application layerand databse laye(Rashid et al., 2002According tohim, below

are presented a short descriptioneach layer:

U Presentation layeGraphicalUserlInterfaces (GUIpr WEB interfaces to access
the systenused by the user to pass or get the information from the application
layer,

U Application layer:Serves as a mediate layer for the presentation layer and
database server, all the logical operatoil functionsare processed heralso,
it servesas a workbad distribution;

0 Datebase server Data repository, data are managed in this layer with the
permission to read and writdhe operationis managed by Structured Query
Language (SQL).

2.1.3 ERP project life cycle

Based on the literature revievgsearcherhave different approaches related to the ERP
project life cycle.In hisstudy, Rosshas identified five stages of ERP implementgtion
according to hm, the ERP implementation stages aredesign, implementation,
stabilization, continuousimprovenent, andtransformation(Ross, 1999) Dey et al, in
their paper, managing the enterprise resource planning projsttel that ERP
implementation needs three phasgdanning, implementation and handover,
evaluationand operationfDey et al., 2010)Another study by Zhang et alepatedthat
the process of ERP implementation mainly inclufites stagespre-preparation stage,
implementation preparation stage, test operataond customization stage, and new
system operation stag€Zhang et al., 2006)}urthermore Chenet al, in their paper
used a fousstage implementation mogdethich includesinitiation, contagion, control

and integratiorfLaw et al., 201Q)

An earlier study done by Esteves and Padiwey proposed a framework about ERP

lifecycle, which consistsof the following stages: adoption decision, acquisition,
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implementation, use and maintenance, evolution, and retirement(flstesees & Pastor,
2001) Another implementation methotbgy is described in the paper®dinet al.were

based on literature review they highlighted five stages that are mostly used when
enterprises implement ERP, suciCaganizational readiness assessneRR selection,

implementation, final preparation and lwen (Sun et al., 2015)

Table4 Number of stages aording to different researchers

Author Nr. of stages Stages

Jeanne W. Ross 5 1. Design
. Implementation
. Stabilization

. Continuous Improvement

a b~ W N

. Transformation

[EEN

Dey, Clegg, & Bennet 3 . Planning

2. Implementation

w

. Handover, evaluation and operations

Zhang, Guo, Liu, & 4
Choi

. Prepreparation stage
. Implementatiompreparation stage

. Test operation and customization stage

A W DN P

. New system operation stage
Law, Chen, & Wu 4 . Initiation
. Contagion

. Control

A W DN P

. Integration
Esteves & Pastor 6 . Adoption decision

. Acquisition

. Implementation

. Use andnaintenance

. Evolution

o o1 A W N P

. Retirement phase
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Sun, Ni, & Lam 5 1. Organizationateadiness assessment
2. ERP selection
3. Implementation
4. Final preparation

5. Live-run

According to this study, the number of stages in the framework proposdiffdrgnt
researchers varies from three tomigsentedn Table4. However, after analyzing all the
stages in the content, it is viewed that almosthallstagesave similar activities, except

that theyarepositioned in differentmplementation and applicatictages

The most significant difference identified duritigs research is in the Esteves & Pastor
framework, in the sixtBtage theretiremenstaggEsteves & Pastor, 200Ihey defined
this stage as the point where enterpramsdeif the ERP system becomes inadequate to
the business needs basa ofchanges in thatrategic approach, lost trust in the ERP
vendor, implementation partnear experience in implementation. This stage is closely
related to the critical success factor and key perémce indicatorsf theimplementation

and applicabn of ERP systerms

On the other hand, anotheritical stage mentioned in Rassframework isthe
transformation stag€¢Ross, 1999) Although this paper isvritten earlier, Ross has
somehowpredicted the future of ER$ystemsandnowadays this is an important topic.
Below is a quote from his paper:

"We will focus more on combinations of products and services to address customer

needs. Over the last 58D years we sold what we wanted to make. In the future, we
will provide the products and services that customers need, relying, when

necessary, on external sourcing. This means we will be increasingly connected with

our suppliers, partners, and customers. (Business Vice President)

According toEsteves & Pastor famework below is presentednoverview d the six
stages of ERP lifecycl@Esteves & Pastor, 2001)
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U Adoption decision In thisphasemanagers should be able to understand if their
organization needghe application of an ERP system to address the current
challenges and to improve their organization performance. Activities in this phase
include analyzing the impactof ERP adoptionn the whole organizationthe
definition of system requirementmd definition ofgoals and objective

U Acquisition- In thisphasetheorganization must select the best ERP systems that
fit on their business processes to eliminate or minimize thefoe&RP system
customization andnalyseshe return of investment compared to the selected ERP
vendor. Involving a consulting company that will support organizasiam the
future ERP lifecycle is very importamtostlyin the implementation stagalso,
otherfactors of ERP system such as functionality, price, traj@nd maiterance
shouldbeanalyzedand definedn this stage

U Implementation- This phase deals with the process of harmngizand
customizing ERP packages with the business processes tohmewterd of the
organization. In most of the casasconsultant will suppotheorganization with
the methodologies, best practices, and training;

0 Use and maintenanceThis phase supports the organization on the application
level. The system must be maintained because malfunction has to be corrected at
the same timethe onrgoing processes on the system must be optimixks,
new general systems requirements haveetonplemented. This shall ensure the
functionality, usability, and adequacy of the system to fulfill the organization
goals and objectives;

U Evolution- This phase consists of the ability of the organization to integrate new
capabilitiesinto the ERP sysim. It shall include new innovative solution on
planning and scheduling, supply chain management, customer relationship
management, data warehouses, big data analytics, integrating communication
channels with partners, electronic servjces

U Retirement phaseln this phasgorganizatios canidentify or evaluate thahe
ERP system becomes inadequate for their organizatiead. Managers should
decide if they must changlee ERP system with new technologies or information

systems to fulfill the organizatin's goals and objectives.

ERP implementation is a project of system engineering or practice of system science,

which is related to organizational transformation,dmd business process management
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(Dey et al, 2010; Ross, 1999; Zhargt al, 2006) It can leadto a new business
organization environment by impacting the increased performance in processes, strategic
vendor alliancesand constant change, with a focus to creatlynamic organizatioto

increase the competitiveness

2.1.4 ERP critical succesdactors

The implementation and application of an ERP system is a long process, which itself
includes a large number of activities, in different stages of implementation and

application ERP system life cyc{Pey et al, 2010; Esteves & Pastor, 2001; Latval,

2010; Ross, 1999; Zharg al, 2006) The success tfieimplementation and apphtion

of anERP system is correlated with a large number of factors that will be presented below,

based omlifferent researchers

Somers and Nels@roposed a list of 2@ritical Succesg-actors(CSF)that has an impact
ontheimplementation and application of ERP systé®smers & Nelson, 2001Y her
focus was on the IT implementation, business processes, project managamient
different case studies of ERP implementation in more than 110 compamatserstudy

from Sunet al.created an initial list of CSFs from the literature and selected a few of
them using expert opinionthen analyzing themrhey classified CSFs based on their
relevance to the ERP system implementation stégeset al, 2015) Umble et al.in

thear study,in addition to other factolidentified by other researchers, ideigt$fas crucial
points in the implementation of ERP systems, whether the organization harong
objectives for implementing suchsgstem, and what are the expectations and benefits of
implementationof an ERPsystem(Umble et al, 2003) Also, there areother studies,
which identified many CSFs related to the implementation and application of ERP
systems. Tablb presents CSfHidentified by the literature review as well as the reference
of the researchers.

Table5 ERPimplementation ashapplication CSFsdentified by researchers

CSFs References

Top management support (Ehie & Madsen, 2005; Ngat al, 2008; Somers &
Nelson, 2001; Suat al, 2015; Umbleet al, 2003)
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Effective communication (Ngaiet al, 2008; Ranet al, 2013; Suret al, 2015)
Clear understanding of strategic (Ngaiet al, 2008; Ranet al, 2013; Umblest al, 2003)
goals

Project management (Ehie & Mads@, 2005; Ngaet al, 2008; Ranet al,
2013; Somers & Nelson, 2001; Seihal, 2015; Umble
et al, 2003)

User training (Ehie & Madsen, 2005; Rast al, 2013; Somers &

Nelson, 2001; Suat al, 2015; Umbleet al, 2003)
Expectations and performance (Ngaiet al, 2008; Somers & Nelson, 2001; Umlale

measures al., 2003)

ERP Vendor/customer (Baki & Cakar, 2005; Ngaet al, 2008; Ranet al.,
partnerships 2013; Suret al, 2015)

Use of Consultants (Baki & Cakar, 2005; Ehie & Madsen, 2005; Ratral,

2013; Somers & Nelson, 2001)
ERPCustomizatiofpackages (Baki & Cakar, 2005; Ngaat al, 2008; Somers &
Nelson, 2001)
Business process reengineering (Ehie & Madsen, 2005; Ngadt al, 2008; Ranet al,
2013; Somers & Nelson, 2001)

Implementation cost (Baki & Cakar, 2005Ehie & Madsen, 2005; Somers &
Nelson, 2001; Suat al, 2015)

Implementation timeline (Baki & Cakar, 2005; Ranet al, 2013; Suret al, 2015)

ERPImplementatiorteam (Ngaiet al, 2008; Somers & Nelson, 2001; Setral,
2015; Umbleet al, 2003)

Change management (Ngaiet al, 2008; Somers & Nelson, 2001; Setral,

2015; Umbleet al, 2003)
Defining goals and objectives (Somers & Nelson, 2001; Sat al, 2015)

Ongoing vendor support (Baki & Cakar, 2005; Somers & Nelson, 2001; ®tn
al,, 2015)
Data management (ICA, 2015; Ngaiet al, 2008; Somers & Nelson, 2001

ERP implementation methodolog (Ngaiet al, 2008; Rarret al, 2013)

Theliterature reviewpresents that there aadarge number of CSFk the table above,
are selected CSFs that have bewstlymentioned byariousresearchers. It islentified
thatTop ManagemenBupporthas a very high impact on the success of implemeratn
ERP system. AlsoProject Management during the lifecycle of implementing an ERP

system has beaonsidered by many researchers as an ess@gHkl
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2.1.5 ERP selection

One of thecritical aspects during the ERP implementation and application is selecting the
ERP vendor that offers the ERP systarhich canfulfill the organization's requirements.

During the ERP selection decision, according to Panorama Consulting, the organization
should e focused whatrethe functions they will need for the next five years, what are

the business goals, which is related with their IT strategy or digital strategy of the
organization (Panorama Consulting Group, 2020bgre are many studies which have
idertified thatthe adequate selection of the ERP systemsdeuaial concern which is

related to ERP Customization or selection of the packages which has an impact on the
success of the ERP implementation and applicg#doini et al., 2012; Baki & Cakar,

2005; Ngai et al., 2008; Somers & Nelson, 20049cording to Aloini et al., wrong
selection ofan ERP vendor and packages will lead to a mismatch betveepackage,
business processes, and strategies, and to eliminate the vendor and packages should be
evaluated in functionality, technology, support, and o@dtsini et al, 2012) Based on

the earlier studiesanother factor that has an impact on the ERP implementation and
application success rate is the selection of the adequate ERP vendor and the partnership
between the ERP vendor and the organization that impleiieRP systeniBaki &

Cakar, 2005; Ngai et al., 2008; Ram et al., 2013; Sun et al.,.2D#rwise, inadequate

ERP vendor selectignvhich is not in line with the strategic goal of the business
dangerougitfall that impacts the success of ERP selection and implemen(Afimini

et al., 2012; Haddara, 2014t the same timehe use of consultants amyolvementof

both management and user representatives in the evaluation process has an impact on the
success of ERP implementation and applicatfdaini et al., 2012; Baki & Cakar, 2005;

Ehie & Madsen, 2005; Ram et al., 2013; Somers & Nelson, 2001)

According to Aloini et al., the software and hardware required for the implenoentét

the selected ERP system areessentialechnical point that must be analyzed during the

ERP selection procegaloini et al., 2012) Considering that top managent support is

one of thecritical factors that have the highest impact on the ERP implementation and
application based on previous studiess gvident that they should be very supportive on

the ERP vendor selection procéEhie & Madsen, 2005; Ngai et al., 2008; Somers &
Nelson, 2001; Sun et al.025; Umble et al., 2003An article published by Panorama

Consulting Group has identified 6 ERP selection criteria for evaluation of ERP systems,
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specifically for those organization who wants to upgrade their ERP syBEbese criteria

are presented bmv (Panorama Consulting Group, 2020)

U Deployment Optioni organizations should carefully evaluate the transition from
onpremise to on cloud, specifically those who are categorized in Tier | due to the
limiting factors On the other sideERP vendors may stop to develop or support
organizatios thathave implemented ERP quremises. A careful analysis should
be on this point regarding the deployment of an ERP system on the organization;

U ScalabilityT even that some ERP vendors target large organizattaesard to
find which is the best formulaf an organization to decide which ERP vendor
will fulfill their requirements. In case thenumber of customers, users,
transactions, and volume of data increagaseans that the software should be
able to process themareakttime environment that wilncrease the organization
costs. In this case, the system scalability wifal to support the organization
growth, and at the same timi can be expensive;

U Technical fiti it is essentiathat an ERP vendor understaritie organizatioal
culture on the aspect of business proced§egretheorganization presents them
step by step in order to map the ERP system requiremBated on the
organizatiorspecific requiremenishe ERP vendoremastheir system, even that
they may have already integrated and @f@efunctions for the industry the
organization operates. On the other hand, not always ERP veadadress all
the business requirements, the organization must focus on the resnisemith
the highest priorities which could be customized on the software;

U References finding if the ERP vendor has implemented ERP systems in the same
industry is anotherital issue, which may support the organization in the selection
process. The oampization must be able to investigate if the ERP vendor
understand the industrial norm where their organization operates, do they
implemented before the functions that the organization needs, does previous
organization where they implemented ERP systdmesaed the desired results;

U Return on investment during ERP selection, if the focus is on return on
investment (ROI) rather than the total cost of ownership and if the ERP system is
customized based on optimized processt® ERP implementation and
applcation will supportthe organizationmuch more to increase the business

benefits, a good example that may help to quantify the benefits of ERP
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implementation and application is by developing a business case or even run a
preimplementation pilot;

U Productviability i analyze and understand what are the plans of ERP vendor for
their ERP system on the future, do they want to invest and upgrade their product,
will they give support after the implementation for a long term or they may switch
their business obgtives It may be very costly for the organizatiorho has
implemented this ERP systdfithey need further customization on the future if
the ERP vendor stops supportiagoarticularproduct thatthe organization has

implementedPanorama Consulting Group, 2020)

It is evident that during the ERP setion it is essentiato analyzethe portfolio of the

vendor in terms of technical and financial capacities, what is the solution that the vendor
canoffer, will this solution supporthe organization to increase the performaAdso, it
isimportantto analyzethe infrastructure thahe ERP vendor requires to implement the
ERP system on the organization, where depending on the deployment option, the number
of business units, numbers of users will affect the ability of the organization to invest in

such investment.

2.1.6 ERP implementation

Depending on the organization, the implementation of ERP systems requires a feasibility
study to determine which is the best solution to implement an ERP system. The decision
for implementation of an ERP system is related to the strategy of the orgamanadi the
determination of the goals and objectives the organization aims to achieve with the ERP
system implementation. According to previous studies, the definition of goals and
objectives, expectation and performance measurements for ERP system imglieme

are some of the factors that must be carefully identified and planned in order to reduce or
eliminate the negative impact on the ERP system implementation(dlgset al., 2008;
Somers & Nelson, 2001; Sun et al., 2015; Umbkd.e2003) The success of ERP system
implementation is also related to project planning and management. Project planning and
management such as the definition of project costs, implementation timeline, project
management on overall can determineghecess of ERP system implementatiBaki

& Cakar, 2005; Ehie & Madsen, 2005; Ngai et al., 2008; Ram et al., 2013; Somers &
Nelson, 2001; Sun et al2015; Umble et al., 2003)The external ERP consultant
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engagement is a critical point during the ERP implementation, also the implementation
team expertise thatan bridge the gap between the existing workflow and new ERP
business practice by approggachange management in the organization results on the
success of ERP implementation where it is known that before the implementation it is
required that the organizatialefine wellthe business process@aki & Cakar, 2005;

Ehie & Madsen, 2005; Maril, 2018; Ngai ef
Umble et al., 2003)ERP systems users as an important stakeholder on the organization
and in the project must be trained during ERP implementation, as this is considered that
user training is a key factor that may impact the success rate of ERP implementation and

application on the organizatiofRam et al., 2013; Sun et al., 2015; Umble et al., 2003)

During theimplementation ofthe ERP system there are three main aspects: people,
processes, and technology that must be analyzed to choose whichsySEm
implementation strategy fits for the specific organization. Different EygBtem
implementation strategieseaidentified, but most of them are derived from the following:
Big Bang, Phased, Parallel, Pil@ind Hybrid(Khanna & Arneja, 2012; Leon, 2008;
Panorama Consulting Solutions, 2019; Wallace & Kremzar, 2@H9ed on the cited

sources, below is e description for each of the mentioned ERP implementation strategies.

U Big Bang strategy this approach allowthetransition from an old to a new ERP
system at once. The organization starts to apply the new system at the same time
on dl the departments and business units. Because of the risk of this strategy, it
finds more applications in organizations that may have one or two business units.
On the other hand, there is no need to create new interfaces that are used during
the transiton from the old to the new system@nd it enables centralized data
management at the same time on all business wiitsh has a positive effect on
reporting and analyzing the data. Careful planning and execution may result in
success in implementationtti@rwise, it mayail;

U Phased strategythis strategy enables the organization to choose between phasing
by module or business unit implementation. The implementation is done based on
chronological order or step by step approach, starting wigliomomous module
or business unit while the integration is done later on when all the modules are
installed on all business units. This strategy has a positive effect ensend

acceptancevhere they have more time to learn the adaptafidimeonew sytem.
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On the other hand, theplementation costay be higher compared to the Big
Bang approach. Also, it is necessary to use interfaces to bridge the gap between
the old and new ERP systems until the complete implementation

Parallel strategy this implementation strategy enables the applicatiorthef
legacy system and a new ERP sysfarallelly for a specific time frame. The
time length of the parallel operation of both systems could be from day,toay

to yearsdepending on the size of theganization. In this way, the organization
can compare the output of the new system compared to the old one, and the risk
of switching to the new ERP system will be lower compared to other strategies.
In case ofan error in the new system, the organizatioould react without
effecting the process flow. Users could learralmgw system while operating the
new system. On the other hand, more effort is required because the dalee must
entered in both systemwhich require more labor force. The parallel &gy is

used until the organization evaluates that the output from the new system is
correct

Pilot strategy this strategy enables the installation of the system on the specific
area of the organization to have a clear overview of the processes of ERP
implementation. In this way, organizations will understredbenefits, obstacles,

and challenges of migrating to a new system di@s strategy helps the
organizations decide whether it is worth moving to a new ERP system. Using this
strategy the organiation will have a low risk and cost compared to other
strategies, while the time of implementation could be more intensive

Hybrid strategy based on the organization's culture and complexity, this strategy
allows the combination of different implementatistrategies in order to get the
best of the ERP implementation process. étsisentiathat during the planning to

be identified all the implementation strategies and to decide which is the suitable
combination that fits the specific organization id@rto meet their unique needs.
Based on the@rganization in some cases, this strategy may be the appropriate
oneg which results in effective and efficient ERP implementation. Having a clear
picture over the complete process of implementation is nottedsy captured
because of the combination of the different strategies, which in the worgtasse

an impact on the time and costtbéimplementation.
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According toKhanna et a).the implementation strategy must be selected according to

the specific neds of the industry that the organization oper@fesnna & Arneja, 2012)

Considering the mentioned studies, the organization should carefully identify the aim and
objective to implement and ERP systems, which malsb be alignedwith the
organization's business strategy. Alsb,must be definal as the key performance
indicatas in order to evaluate if the implementation and application of the ERP system
achieved the planned aims and objectives. Selecting the appropriate strategy for ERP
implementation is very important for the organization because the success of ERP
implementéon is closely related to it. Studies emphasize the expertise of consultants it
IS necessary during the implementation, where they can support the organization in the
definition of requirements, business processes reengineering, and to support the
organiation in the integration of the new system on their organization for a successful

ERP implementation and application.

2.1.7 Benefits of ERP application

The needfor an organization to increase thdiusiness performance is relatedthe
improvement of business processes. ERP system implementation and application support
organizatios to achieve thie goals and objectieto increase the performance tbie
organizationat the same time helps them tocbene more competitive with their
competitorsAccording to Sumnetthe benefits of ERP application can harempact

on different areas such as: moving from statahe systems to integrated systems;
supportingthe coordination across business functiomsinaging datanto a single
datdase; unified maintenance where changes are affected on all the systems in the same
time; single interface; regime information which suppa@the decisiormaking process;
standardized business proceg&smnner, 2014)

According toSadrzadehrafieet al, based on a study in the digod packages industry
benefits of ERP application can be cptezed based on the business fundion
(Sadrzadehrafiei et al., 2013hey emphagedthatthe benéts of ERP application are
in three ares{Sadrzadehrafieet al, 2013)
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U Strategicarea- Improve supplier performance; Generate product differentiation;
Finance information accuracy and fasticisionmaking capability; Improve
employee performance management; Improve the interaction witbnoeis;

Better customer satisfactipn

U Tactical area Tying the suppliers to the ERP system; Improve the interaction
between business units; Improve cash management; Improve the performance of
the industry; Improve the customer services; Better custorsgomsiveness;

U Operatiomal area- Realtime data access across multiple sites; Improve order
management/order cycle; Decrease financial close cycle; General information

integration; Reatime data access across multiple sites; Improvéoadelivery.

Monk et al, in their book states that the application af ERP systemasanintegrated
information system enabldbe organization to create efficient business processes that
result inareduction of the cos{#onk & Bret J. Wagner, 2013)\Iso, they declare, ERP
vendorsnowadays allow integration of business swih a global level, which removes

the obstacles of currency exchange rates, languages, and culture. Theyzatidtase

ERP systemintegrates people and data into a single unified system, which indirectly has
animpact on the number of workforce engagematthe same timemanagement lsa

clear pictureof the business urstwhere they can analyze and react to improve the

business pcesses.

Table6 Benefits of ERP application

Benefits of ERP Application References

Integratedsystem, single database (Leon, 2008; Monk & Bret.)Wagner, 2013;
Panorama Consulting Solutions, 2018;
Sadrzadehrafiei et al., 2013; Sumner, 2014)

Consistent realime information (e.g.  (Leon, 2008; Monk & Bret J. Wagner, 2013;

about customers, vendors) Panorama Consulting Solatis, 2018; Rivard &
Smith, 2010; Sadrzadehrafiei et al., 2013; Sumr
2014)

Decisionmaking process (Leon, 2008; Monk & Bret.JWagner, 2013;

Panorama Consulting Solutions, 2018;
Sadrzadehrafiei et al., 2013; Sumner, 2014)

38



Improved inventory management (Leon, 2008; Monk & Bret J. Wagner, 2013;
Panorama Consulting Solutions, 2018; Sumner

2014)
Reduce costs (Leon, 2008; Monk & Bret J. Wagner, 2013;
Panorama Consulting Solutions, 2018)
Improved operation management (Leon, 2008; Monk & Bret J. Wagner, 2013;
Panorama Consulting Solutions, 2018)
Manufacturing lead timand (Leon, 2008; Monk & Bret J. Wagner, 2013;
production capacity Panorama Consulting Solutions, 2018;
Sadrzadehrafiei et al., 2013)
Improved customer services (Leon, 2008; Monk & Bret J. Wagner, 2013;

Panorama Consulting Solutions,13)
Sadrzadehrafiei et al., 2013)

Increasd number ofcustomers or sales (Monk & Bret J. Wagner, 2013)

Increased employgeerformance (Sadrzadehrafieat al, 2013)

Improved on-time delivery (Leon, 2008; Panorama Consulting Solutions,
2018; Sadrzadehrafiet al, 2013)

Another approacko ERP benefits is presentetdlLeons book wherehe categorizethe
benefits of ERP as tangible and intangithleon, 2008) According to his book, the main
bendits of ERP application are Information Integration; Reduction of-tead; Ontime
shipment; Cycle time reduction; Better customer satisfaction; Improved supplier
performance; Increased flexibilitiReduced quality costs; Improved resource utilization;
Better analysis and planning capabilities; Improved informadimuracyand decision
making; Use of the latest technolo@deon, 2008)

Panorama Consulting Solutions presented aofishe benefits of ERP implementation
based on a survey they did 2018. According to this report, 80% of the companies
declared the ERP application resulted with #wvailability of information, 55% with
improved data reliability, 46% increased interaction/integration of business
operation/processes followed by improved productivity and efficiency and improved lead
time and inventory management by 44%. Based on the sfpoe anotheressential
benefit was better decision making by 38%, followed with other benefits such as
reduction of operation costs/labor costs, improved interaction with custoareds

improved interaction with customers.
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Based on the literature, there are many areas whecesaful ERP implementation and
application has positive impactTable6 presents some of thmostmentionedoenefits

by prevous studiesthat are achieved with the successful ERP implementation and
application. Identification of these benefits supportdte development o& maturity

model forthe ERP application benefits and business performance.

2.2 Businessprocesses

The application and implementation of EBYstens aredepended on the organizati®n
business processes. Business processes haessantialrole in designing the ERP
system for a specific organizatiomhe husiness process is a collection sgfiquential
activities that takes input and produce an output that generates valuenfexteral
customemwho can be someoneho buys products or servicesr aninternal customer
such as a colleague from another department inside glamization/Anand et al., 2013;
Monk & Bret J. Wagner, 2013)

Accordingto Von Rosinget al, abusiness process is a set of defined activities or tasks
which have a consistentoehaviorthat gives as an output a specific product or service
(Von Rosing et al.,, 2014)Businessprocesses can be classified onQperational
processe$ activities on the levebf the organization value chaiand 2. Managerial
processes activities on administration, coordination, communicateord controlling of
resourcegAnand efal., 2013; Mooney et al., 1995; Zdlzer, 2008)

Business Process Reengineering (BPR) is a process innouhabrsuppors the
alignment of IT resources with the organizatisrbusiness strategy to increase the
business valuéMooneyet al, 1995) They declare that business process reengineering
enables designg processes that support organizasionthe successful application of IT

resources to automate the activities.

According toSumnerthe elements of Business Process Reengineerind.aBeisiness
Processe$ the organization should not focus @utomationof actual processes but
should focus on designing new business procg8shkgegratiori Integraion of business

processes; 3. Techngjpi application of technology to redesign the business processes;

40



4. Crossfunctional coordinabn i designing new business processeshmcontext of
crossdepartment communication; 5. Timingmproving process continuity; 6. Objective

i implementing sategies witrafocus on marketlriven to increase the competitiveness
of the organizatiofSumner, 2014)The success of Business Process Reengineering is
dependenbn five dimensions, startingvith clear project scope, support of tgvel
management, resource allocation, project gangentand change managemédtrisch

et al., 2012) Tale 7 present the facts that haveanimpact on the success of Business
Process ReengineerifBPR).

Table7 BPR success factor adopted fraharisch et al(Jurischet al, 2012)

BPR dimension Stages

Project Scope 1. Realistic expectations

2. Clear vision and goals

=

BRR knowhow
IT: Use, role and adoption of IT

Top-level management

N

commitment
ProjectManagement Process Analysis

Implementation map/concept
Flexible and adaptive methodology

1

2

3

4. Plan execution
5. Continuous control
6

Handling of barriers and risks
Change Management Organizational readiness for change
Motivation/resistance to change

1
2
3. Training/new skills
4

Cooperation and communication

According to Weskeet al, Business Process Management (BRiBctby different
systems such as Workflow Management (WFM), Case Handling (CH), Enterprise
Application Integration (EAI), Enterprise Resource Planning (ERP), Customer Relation
Management (CRM), et¢Weske et al., 20041 heydefineBPM as follows:"A generic
software system that dgiven by explicit process designs to enact and manage operational
business processe@Veskeet al, 2004) According to Van De Aalst, Business Process
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Management is the evolution wiorkflow waves (Van Der Aalst, 2004)In the context

of operationalprocesseshe defines BPM as:Supporting business processes using
methods, techniques, and software to design, enact, control, and analyze operational
processes involving humartgganizations, applications, documents and other sources of
informatiort’ (Van Der Aalst, 2004)

The scope of business processeves all the departmenter functioral areasof an
organization. Depending on the organization prafiiefunctional aracan be marketing

and sales, accountingumanresource management, material management, production
and planning, procurement, marketiagd sales. Each of the mentidrfanction haone

or more business processes. While on the other hand, business reengineering enables the
re-designing of business processealtow the organization to increase competitiveness
reduce costsincreasethe effectiveness andefficiency of operationsand better
satisfaction of the customeBusiness Process Management is an ongoing activity inside

an organizationthat aims to improve the organizatisnperformance by analyzing,
modeling, monitoringand improving the processe&vith the support of business process

reengineering.

The implementation and applicationtbEERP systemmareclosely relatedo the business
processes of the organizatji@andall the business processes must be defined clearly in
orderto have success ERPsystemimplementation and application. Depending on the
organization, itis necessaryto do the business process reengineering betioee

implementation and application tife ERP system.

2.3 Maturity models

A maturity modelanalysesand evaluates the current state of an organization processes
and enables the classificatiasf business maturity into different levels. After the
evaluation they support organizatisrwith actions they should take to improve ithe

businesgperformance.

According toVon Scheekt al, the maturity model is a structured collection of elements
that support organization to assess they capabilities to identify the necessary actions to

improve their organization sustainabilfyon Scheel et al., 2014Based on the same
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study, they declare that the first maturity model was developed by Richard and L. Nolan,
in 1973 with thepurpose to evaluate the IT organizaiovion Scheekt al.declare that
measuring the maturity level of business process managementhetpganization to

set a baseline where their organization ssamdelation with business processes and after
the evaluation how they can react to improve and further development of their business
processegVon Scheelet al, 2014) Below are presentedCapability Maturity Model
Integration CMMI) and ERP maturity models.

2.3.1 Capability Maturity Model Integration (CMMI)

The first version othe Capability Maturity Model (CMM)was developeth 1995 and

was designed for software organizations to analyze the software development process
(SEI, 2010) CMM aims to improve the business processes in an organizataserves
asaframework to desde the evolution of processes from ad hoc to mature processes
(SEI, 2010)

According to Greiner, in the beginninthe CMM was applied as a tool to evaluate
software development for government contrex{Greiner, 2007)According to Pauét

al., CMM provides a guide to achieve the maturity of processes by provatidg
recommending best practices on the process of development and maintenance of software
(Pauk et al., 2011)Paulet al, in theirpapertheydeclareghat CMM can be used by four
levels of organization: 1. Assessment teams; 2. Evaluation teams; 3. Upper management;
4. Technical staff and process improvement groups which will help the organization
identify strengths and weaknesseentify risks inthe contractor selection process and
monitoring themjdentify activities to start a software process improvenagratdefine

the improving processes in their organization. CMM applies five levels to evaluate the
maturity of the processes were each of thelseigemeasured based on five Key Process
Areas (KPA) such as 1. goals, 2. commitment, 3. ability, 4. measurement and 5.
verification (Greiner, 2007; Paulkt al, 2011)

Figure2 preserd the five levels of softare process maturity. According Raulket al,
organizatios categorized on the first level apply ad hoccbaotic processesp they
need to establish the basic business processds where maturity level is ® 5, they

must focuson achieving higher level of maturity by creating standard processes and
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procedures, on the same time continually improving their business processes based on

best practices.

.(5) Optimized

(4) Defined Continuously
. ; Predictable improving
(3) Defined processes processes

Standardized,

.(2) RepeatableCOHSlStent

o rocesses
Disciplined P

processes

® 1) Initial
Ad hoc or
chaotic
processes

Figure2 Five levels of Process Maturigdopted fronPaulk et al(Paulket al, 2011)

Below are presented the five levels of CMM presented by Greiner anddRalifPaulk
et al, 2011)

i

Initial T the organization started to apply new processes for software develppment
but they lackin providing a stable environment. The processes in this level are
classified as ad hoc or chaotic;

Repeatablé application of new processes is established the organization ba
control over the processeshiismanaged to createbasicprocess management
environmentThe pocesss repeated based on previous simparjects;

Definedi the organization created standardized processes for developing and
maintaining products and services in the level of managers and technical staff.
The standardization of business processes supports them on better visibility on the
ongong projects;

Managedi the organization managed to set in place quantitative methods to
measure the performance of business processes and for project management;

These assessments allow them to create criteria in managing processes;
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U Optimizedi the organiation is focused continually to improve and optimize the
business process performance by applying new innovative processieslatesbt

technological trends.

Capability Maturity Model Integration (CMMI) is the upgraded version of CMM. Both
of them weraleveloped by the same instit&El, 2010) According to Wendler, CMMI

is a frameworkhatsuppors organizatios in product and service development with the
best practice§Wendler, 2012) The application of CMMI enables the organization to
achieve the business goals by integrating the organizabosiness processes into a

singleframework to have a better view on tivhole organization levels and to improve

their business performan@@reiner, 2007; SEI, 2010)

2.4 IT governance

Nowadays, the usage of IT is a critical point to improve business governance practices,
which means that managing and using IT services is very important for the success of
businesses. IT Governance supperserprses to effectively manage IT resources b
different frameworks(National Computing Centre, 2005)T Governance support
companies to manage and controtrélated projects, starting with prioritization and
justification of IT investments,antrolling, budgetingand authorization leve(®oeller,

2013) Accordirg to Moeller, IT Governance is the process of aligning IT investments
with the business processes and governmental laws and indiegling professional

standards, and it manages and controls IT services.

IT Service Management focus is mainly concerwétl the operational excellence of IT
related services, wherells Governance focuses on enabling, controlliagd assisting

the decision making at the strategic level.

IT Governance is an integral part of the enterprise governance in defaidership,
organizational structures and processes to achieve the planned objectives and to increase
the sustainability of enterprises, with the focus to improve the management and control
the information technologffiT Governance Institute, 2004; National Computing Centre,
2005) IT Governance covers fikey areas for IT management and control, such as IT

and Business Strategy Alignment, Value Delivery, Risk Managg¢mResource
Management and Performance Measurer{i@nGovernance Institute, 2004)
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There are different framewaskelated to IT Governance, such as ITIL, COBIT, CMMI,
COSO, and these are the bpsdctice approachés regulatoy and corporate governance
compliance where each of them on their owsdgeecific strengthgCalder, 2008)

2.4.1 IT Infrastructure Library (ITIL)

ITIL describes the best prticesandapproaches in IT Service Management, starting from
strategy generation to the continual service improvements. ITIL was published in the
1980s, by the Central Computer Telecommunications Agency (now Office of
Government Commerce). The first vensiof ITIL has 31 associated books covering all
aspec of IT services. In the year 2000, was published the second version of ITIL as a
set of revised bookihatbecome universally accepted falequat IT service provision

and in 2007, ITIL V2 was enhart@and consolidated to the third version of ITihich
covers IT service lifecycle.

The current version of ITIL (ITIL V3) introduces a framework for IT Service
Management lifecycle and highlights outcomes that must be achieved to successfully
implement and manage IT servigeSMF, 2011) ITIL V3is a library that contains a set

of five books and 26 different processes inside different phases of its lifecytle tha
describe the processes that need to be implemented in an organization and provides a
systematic approach in the area of IT Governance, management, operations and control
of IT services. Each of the five ITIL books gives the best practices for provifling
services efficiently and effectively. ITIL V3 framework contains five phases: 1. Service
Strategy; 2. Service Design; 3. Service Transition; 4. Service Operation; 5. Continual
Service Improvemer(ttSMF, 2011)

U Service Strategy phase This phase can help IT planning by five key processes:
StrategyManagement for IT ServiceService Portfolio Management, Business
Relationship Management, Financial Managenmeami Demand Management, to
mapthe current situation of the enterprises. It helps identify the IT services that
are needed by the organizations to understama these seices should be
delivered, to define the customers, develop the offer, identify strategic assets,

guantifying the value of service, financial forecast for the services aarthtge
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how changes in the business environment would affect the IT services. The
outcomes are the detailed description of thesé&Fvicethat is delivered to
customers, IT planning to achieve institution objectives, financial budget
performance plafitSMF, 2011) Moeller, suggest that companies initially should
assess their servictrategy by answering themselves the questions below about
their IT servicegMoeller, 2013)

A Which of our IT services or service offerings are the most
distinctive?

A Which of our services are the most profitable for the overall
enterprise?

A Which of our customers and stakeholders are the most satisfied?

A Which areas oservices are potential problem points or areas for
dissatisfaction?

A Which of our activities arthe most different and effective?

Service Design phase Service design phase includes eight processes: Design
Coordination, Service Catalogue Management, iSenLevel Management,
Supplier Management, IT Service Continuity Management, Information Security
Management, Availability Managemerand Capacity Management. Service
design phase ensures that all IT units can deliver quality services, meet all the
enterpise requirements bthe alignment of IT and business needs, improve IT
Governance, improve quality of service, improve consistency between IT units,
and easier implementation of new servi@e&SMF, 2011) According to Moeller,

there are five key aspects of service design: 1. Design of each IT service offered,;
2. Design of theservice management systems and tools; 3. Design of IT
architectures and management systems; 4. Design of processes needed to install,
operate and improve IT services and processes; and 5. Design of measurement
methods and metrigdoeller, 2013) He classified activities into three categories
planning, improving and measurirggtions, with a focus on service delivery
capacity management. These depenanultiple inputs, including requirements
regarding the availability of the business; information on reliability,
maintainability, recoverability, angerviceability and informabn from the other

processes, incidents, problems, and achieved service (Maddier, 2013)
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U Service Transition phase- This phase helps control and manage the risk of IT
service failure by using contingency plans to manage the risk when new services
are transitionedo a new operation level of service. It ensures thatcilhnges
comply with institution requirements to improve the consistency and quality of
new service implementatidqitSMF, 2011) This phase includes seven processes:
Change Management, Release and Deployment Management, Service Validation
and Testing, Change Evaluation, Service Asset and Configuration Management,
Knowledge Managenmt, and Transition Planning and Support. According to
Moeller, this phase helps in utilized standardized methods and procedures to
ensure safe change management and to minimize the impact of changes in service

delivery quality (Moeller, 2013)

U Service Transition phase This phase contributes to perfang the dayto-day
opemtion of the processes that manage the IT services. This can be achieved by
the applicationof five processes: Event Management, Incident Management,
Problem Managemenand Request Fulfilment. It is also where performance
indicators for the services aratgered and reported, and value is real{#S&MF,

2011) Moeller divided his phase into these categories: Service Operation Event

and Incident Management and Service Operation Problem Management

0 Continual Service Improvement phase Continual service improvement phase
is responsibldor identifying and evaluating institutiomeeds and implementing
improvements to IT services to support institutional goa&MF, 2011) This
phase helps improve the process efficiency and effectiveness by thegseesctivi
lifecycle: Service Strategy, Service Desigpervice Transitionand Service

Operation.

ITIL helps companies in organizing the IT service activities inside the organization to
improve the quality of IT services delivered frausiness and customperspective
(ItSMF, 2011) According to Moeller, ITIL is a framework designéal support IT
functions and outlines the best practices that are crucial for IT Governance, starting from
checklists, tasks, procedurasdresponsibilities(Moeller, 2013) He identified some of

the advantages of ITIL framework applicationcreased user and customer satisfaction

with the IT services providedimproved serice availability, directly leading to
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potentially increased business profits and reverugncial savings from reduced
rework, lost time, improved resource management and usageyved time to market

for the IT aspects of new products and servigagroved decision making and optimized
risk for all IT-related processes.

The latest version published 2019 is ITIL 4, where the key components are the ITIL
Service Value System (SVS) focused on the establishtnenlT service management
practices to support the organization on customer experience, value staganibe
digital transformation of the organizatio(®xelos, 2019) According to Axelos, core
components of ITIL 4 are ITIL service vall&€IL practices ITIL guiding principlesand
continual improvement. To consider the core components that ITIL 4 offers, it is outlined
in the fourdimensional model of service managem@nelos, 2019)

0 Organization and people
U Information and technology
U Partners and suppliers

U Value streams and processes

ITIL implementation offers and requires a culture chaagdinstitutiors should prepare
employees and management of institugibow ITIL implementation will help them in

the working environment. Accordirtg Parvizi et al. they emphagie that COBIT and

ITIL can link the bridge between the operational and head managers of the organization
(Parvizi et al., 2013)

242 COBITS5

COBIT 5 is a comprehensive framework that suppartorganization to achieve the
goals and objectives which focus on effective governance and management of IT
resourceglSACA, 2012) According to ISACA, information is key for all organizations

and technology plays wtal role in it. As a frameworkCOBIT is more oriented as a
controlling methodthatis focused omisk management. The aim of COBIS to meet
stakeholdés needs; cover enterprise eaeend; apply a single integrated framework
and enable a holistic approach and separate governance from manaf)SMeEn,

2012) Based on ISACA, the application of COBIT support organization on value
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creation, user satisfash, compliance with different standards, better alignment of
business neegand IT objectivegISACA, 2012) COBIT 5, can be usdd identifyrisks

and eliminates ther{Tsai et al., 2016)According b ISACA, below is presented a short
descriptionof its five principles:

U Meeting Stakeholders NeedSCOBIT 5 helps transform stakeholeneeds in
specific objectives on all the levels of the organization to fulfill the stakefwlder
overall goal and ragrements in support of IT and Business Alignment

U Enterprise End to End Coveragsupport on the integration of governance of the
organization with the IT governance, while it sees IT not only as an IT function
but as an organization asset. This prireipd supported by identifying the
governance enablers and governance scope, which are followed by the description
of the roles, activitiesand relationship between them;

0 Applying a Single Integrated Framewdrlenableghe organization to integrate
different framework and standards. COBIT is used as a framework integrator as
called COBIT 5 Knowledge Base by mapping current situation and giving content
filtering based on COBIT 5 family to provide #g-date guidance and good
practices for management andsgmance of IT resources;

U Enabling a Holistic Approach here are applied seven categories where are
describedasthe factor that leads to the achievement of organization objectives.
Starting by identifying policies and frameworks, processes, organizitiona
structure, culture, information, service and infrastructure, people ,s&iild
competences

U Separating Governance from the Managenietite aim of this principle is to
makea clear distindbn between management and governance. Management is
responsiblefor making possible the achievement of governance objectives by
planning, building, runningand monitoring organization activities, while
governance is responsilfta evaluating direct and monitor performance to make

sure that stakeholdemeeds arbeingmet.

According toTsaiet al, implementatiorof ERP systemunder the COBIT 5 architagte
has a positive impact on information quality, business value through internal control and
IT governancé€Tsaiet al, 2016) Also, they declare that applying COBIT during the ERP

implementation will support organizati®to review the processes, remove unnecessary
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activities and business processergineering to reach the organizatsayoal to increase

the business valu@l'sai et al, 2016) Another resarch declaethat COBIT is an IT
governance todhatidentifiesrisks and manageherisk that couldootentiallyhavean
impact on ERP implementatigRarviziet al, 2013) The application of COBIT supports
organizatios on different levels, such as: aligning IT with the business strategy, resource

allocation and risk management.

2.5 ERP as IT and Information System

Information systems empower the organizations to increase their competitive advantages
by integratingnformation technology and business processbgh can be reached with

the implementation and application of ERP systems that support organizations to improve
their performance. In order to make sure that the ERP system will have a positive impact
on thefuture, special care should be on the ERP evolution in coordination with all the

stakeholders to eliminate the chance of disintegration.

A succesful application of information systesracross the enterprise and using the
software to apply the best pracéis on business process manageméhéffect an overall
improvement of the organization, specifically aftee implementation and application of

ERP systemgBourgeois, 2014)Furthermore Bourgeios declares thabrganization
functions which include finance, accounting, and quality control depended on
InformationTechnology(IT), and ERP systems are an example that represents the role
of IT in these functions on the organizatiqB®urgeois, 14) Per unov hale et &
taken two companies as a case study on their research, where these companids declare
that IT applicatios are integratedand synchronizednto ERP system in support of
business processes, an ERP system is a backbdnesofftware element of IT in their
company( Per unovi [.Klaus in kislbookde@afed tRa} suitable ERP strategy

and appropriate software systems are linked thighiT infrastructure of the organizan,

which is closely relatetb the standardization of the business processes and internal and
external master data for a successful ERP implement@immnwald, 202Q)Lecerf and

Omrani on their study, declare that there is a relationship between innovation and IT
adoption, while the implementation of ERP systems, they relate it with IT investment in
the organization that can support SMEs twéase the export performance and to achieve

better global competitivenesghich leads to a better global business environitheaerf
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& Omrani, 2020) Another study whichvasdone by Aloini etal. declares thahereason
why companies implement ERP system is to get the benefits that IT, cifiers asa
shared databaghat support the integration tie company intoa unified systemwith
the consistency of data which removes the need for agpasmputer systemgpeople
and data integration, open architecture, afsb in business process€aloini et al.,
2012)

On the other hand, ERP systems are classifiethaaterprisewide information system

that supportghe organization to coordinate resources, information, and activities and
empower the organization in the aspect of enterprise integration, business peoces
engineering, standardized systems apdocesses, global information system
infrastructure, etq{fNawaz & Channakeshavalu, 2013)so, they declare thdahe ERP

system provideanorganization with a comparyide information systerthatcovers all

the busiess processefn a realtime environment to improve customer service.
According to Samara, ERP system evolutias ot just a vendor issue, he emphasized
that all the stakeholders such as firms, vendors, consultantssheiald be involved in

this piocess, in order to be walbordinated to make sure that information system
integration could be improved with the ERP system applicatitirerwise information

system disintegration could ocdi®amara, 2015Karimi et al, in their studyidentified

that information system resources are crucial in creating the ERP capabilities in an
organization that has an impact on the positive outcome of the business processes (Karimi
et al., 2007)At the same timehey declare that there is a need to focus on the synergies
among information system resources, ERP system capabilities, and the value of IT at a
process level and not only in IT infrastructure resources investikenmi et al., 2007)

ERP system can be used asrdormation systentool that supposgthe organization to
collect and save the data for a period of time and use these data by Big Data analytics
solutions such MapReduce, Hadoop, Alpine Mines, or even usage of ERP Vendors
solution such as SAP offer for his ERystems. The application of Bigata analytics

will empower the organization in four dimensgooptimize business operatiodertify
business risk, predict new business opportunigaes comply with laws or regulatory
requiements(EMC, 2015) According to EMCthe Big Data analytics lifecycle has 6
phases: 1. Discovery, 2. Preparation, 3. Model Planning, 4. Modeldiiyil
Communicate resultend 6. Operationaliz€EMC, 2015) In this scenario of Big Data
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lifecycle, ERP systems can support the organization as a repository database on the
discovery phase where is necessary to check for historical data of the organization in
termsof sales, projects, people, technology, time, andrdictors which are generated
with the usage of ERP as an information system for business process management.

In the current wave of globalization, the need for the digitalization of the organizations
requires a complete transformation of their busipessesses to improve their products
and services in order to satisfy the needs of customers, paanérasll the stakeholders.

To achieve a successful digital transformatibere isaneed to apply the adequate tools
and information systems whietill support them to fulfill the requeaments of the market
and to be very accurate on what the organizati@saodatthe same time to have real
time data from the business processes and operations.

2.5.1 ERP maturity models

The maturity of RPapplicationis related to the project lifecycle of ERP implementation
and application and the performance outcomes of the organization after the
implementatiorandapplication ofthe ERPsystem Also, it is required that the business
strategy must be aligned with I$trategy where the aim and objectives of the
organizatiorwhat they wanto achieve after the implementation and application of the
ERP system. In order to measure if the implementation and application achieved the
planned aim and objectigdt is necessary to create key performance indicators that will
support the organization in this process. On the dihed,application of assessment
tools by applying the ERP maturity model supports organization on the evaluation process
in order to identy the weakness in the implementation or application process compared
to the key performance indicators or the business performance awetalunderstand

the maturity levelaboutthe ERP implementation and applicat The application of
maturity modelswill support the organization in understanding where they stand in
relation to the ERP applicatipmnd in this way, they can continually improve and
optimize the application of ERP systems to increase the performance of the organization.
According to thditeraturereview, threematurity models to measure the maturity of ERP
system implementation and application are identified. THesemodels are described

below.
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U Holland and Light proposed a framework to measure the maturity of the ERP
system(Holland & Light, 2001) Their model isclassified itto five theoretical
areas, the ERP implementation process: 1. strategic use of IT, 2. organization
sophistication, 3. penetration of the ERP systenyiglon and 5. drivers and
lessons. Based on these five areas, they developed &thgeemodel to evaluate
the ERP system maturity cycle. The first stage presents the management of
existing systems and planning activities related to the implementation of the new
ERP system. The second stage introduces the impact of applying the ERP system
to business processesdatihe organization of the enterprise after ERP system
implementation. The third stage involves the strategic use of the ERP system
using innovative business processes and IT initiatives that extend ERP transaction
data to support new functionalities angbahilities in areas such as supply chain
management.

0 ERP Maturity Model (EMM), was proposed by Parthasarathy & Ramachandran
to measure the usage of ERP maturity in enterpriBasir maturity model has
three levels: 1. Legacy System level, wherdvad andnanual processes are used
to manage ERP projects; 2. Designed level, presents that improvements are
identified, and requirements engineering method is used; 3. Improved level,
presents that business goals are achieved, business proesggne=ring is
improved, and continuous business improveneidentified (Parthasarathy &
Ramachandran,0®8).

0 Scanzo proposed a maturity model for ERP implementati@proposed model
applied the togdown approach where his model focus on: Complexity of ERP
implementation such as a Project (implementation strategy, dimension, impact)
and Organization Context (culture, ICT governance, structure, technology,
financia); and the Capacity of the organization on BERIplementation Process
(skills, resources, methods) and Risk Management Process (skill, resource
methods); to plan, control and manage of processes which will support the
organization on the determination aictors that affects the implementation and
application of ERP system. While the maturity of ERP implementation is
presented on five Clustewith the actios that the organization should follow to

increase the success of ERP implementation and appli¢&tanzo, 2011)
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2.6 Definition of Industry 4.0

I ndustry 4.0 is the fopreéeéedventndutshei ol ams
application of new and innovative technol
uses the internet to connect factories i

definitions accordsi.ng to different reseail

According to the German Federal Ministry of Education and Research, the term Industry
4.0 had existed since 2011 whastrategic manufacturing roadmap was developed to

promote the digitalization of manufacturing. Industry 4.0 is also célledma r t ', i nd u ¢
Oi ntel |l i gésnmaritndfuasdtsagray 't fBasinask lasider,2®16)n g '

Hartmut Raued sxplanation regardintpdustry 4.0is as follows "The implementation

starts with small steps here and there, and there won't be a big bang that is going to
introduce Industry 4.0. On the contrary, it will come step by step. But if we look back in

ten years we will see that the world hbiscenged si gniycantly. " (H

Executive Director Mechanical Engineering Industry Association (VDMA), 2012).
Based on Shafigt al, "Industrie 4.0 is the integration of complex physical machinery

and devices with networked sensors and siywused to predict, control and plan for

better business and societal outcoh{&hafiq et al., 2015)

55



>

-
/'/
/ Industry 4.0 \\
i \
=1 —
£ g I8 s
= |2 12] [E] |B] E ol | 2
= - 3 g = - = = =
= 2| | € e a2 58 |8 = ~
- g = =R = St 4
2 5 = g5t = s £ = ) =
g o s T = 138 | & g z
£ S o g & = = = S
S| |2 | & o | S] 187 [P] | & |8
Sl 15| | 2| |=]| |5 =1 | &
- RR
Nine technologies
Figure3 Industry 4.0 technologies
| ndusitarsy a4 new concept, to fulfil]aptpHhea emso
nine tecwmiodlmgaes pr e3 @iaBmandet al, 013 iTHhes e
technol ogies all ow mor e -tfilneex i ba riittoyr,iimg,p

and reactioni hassdnoatr e@m@lhermendrse four d
t hergani zati ont mennpl efmeccusat oon onfi zlan d wntal
technol ogi ¢cadd a meir&aataitdomsanlet al ., 2017)

Industry 4.0 aims to reduce the complexity of operation in manufacturingrease the
efficiency and effectiveness by application of fiade data and information which are
interconnected by IoT sensors to reduce costisefong-term for companie§Santoset
al,2017)Bel ow ar e hpeeebeoktegi es of I ndustry 4

2.6.1 Cybersecurity

Cybersecurity is a cruci al point in I ndus
thate interconnected. I ndustry 4.0 requi
protocol s. Many devices are used irns,|l ndj
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sensors, manufacturing bionebhataybeosbadeur i
wi || increa$®:; @meatimyad 20 4b5¢ gysiesndoi @Insure th
communiecgautii mer o tporcol s are secured to proc
cybersecuifheyi mpaeatstf Cyber sectuhneutmiper s
ofobj evhhticch are interconnected bePWwgshncala

Syst ems.

Shafiget al.defineCyberPhysical SystendP§ as the established global network which

is implemented in global networks for busineskich is combined from physical and
digital worlds that includes: warehousing systems, machinery, and production facilities
(Shafiget al, 2015) According to Shafieget al, CPS on the manufacturing industries
referredto as CybetPhysical Production Systems (CPPSs), antcamprise smart
machines, storage systems and production facilities capable of autonomously exchanging
information, triggering actions and controlling each other independg@hafiget al,

2015)

Monostori and Vancza definition of CPS i€yberphysical systems are assembled of
collaborating computational entities which are in intensive connection with the
surrounding physical world and its-gioing processes, providing and using, at the same
time, networked data accessing and gatacessing services available typically on the

Internet (Vancza & Monostori, 2017)

According to Gandhi from SAP, CPS can adapt to dynamic requirements and therefore
are seloptimizing. That helps irautomationand decentralization of processes in
collaboration network with machines, products, objects, warehousing systand
producton facilities(Gandhi, 2015)

2.6.2 Cloud computing
Cloud computing is defined as an Interbased service or IT infrastructusarting from

applications delivered as a service or hardware and software in the data centers provided

by a service provider that is always availalflembrustet al, 2010)

57



Cloud computing is divided into three categofjV@#s Wu et al., 2011)Software as a
Service (SaaSjs a model of software where a provider licenses an applicatianis
delivered over the internet. SaaS providers host applications on their wels sexder
simplifies the utilization of a large number of software applications remotely, elastically
and seamlessly{Wang & Xu, 2013) Platform as aService (PaaS):A software
development framework and components all delivered on the network. A PaaS model
packages a computing platform includiag operating system, programming language
execution avironment, database, atite webserver. A PaaS clieaaindevelop and run

its applications at the software lay@Wang & Xu, 2013) Infrastructure as &ervice
(laaS): An intgrated environment of computing resources, storage, and network fabric
delivered over the network. Offered as ardemand, pay for usage mo@élang & Xu,

2013)

According b Zhonget al, the application of Cloud Computing offers greater flexibility,
cost reduction, elasticity, better resource allocation that enables the organization to
increasats competitivenes§Zhong et al.2017) Cloud Computing allogatheringthe

data from multiple manufacturing into a single database in Cloud by connecting
machines, dataand people that results in better asset performance management and

operation optimizatioiZhonget al, 2017)

2.6.3 Additive manufacturing

Additive Manufacturing isatechnologythatenablescompanies to produce a prototype,
individual componentsand 3D printing. "With Industry 4.0, additivenanufacturing
methods will be widely used to produce small batches of customized products that offer
construction advantages, such as complex, liglgwedesigns. Higiperformance,
decentralized additive manufacturing systems will reduce transport distances and stock
on hand (RuRmanret al, 2015)

According toJosé Horset al, Additive Manufacturing plays aessentiatolein Industry

4.0, by supporting decentralized production processes and allowing rapid protptyping
which ha animpact on time and costand efficiencies of the procesddesé Horst &

De Almeida Vieira, 2018)
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2.6.4 Augmented reality

Augmented Reality (AR) can be defined asahgity to combine the physicakalworld
environment information by adding virtual informatitmatis generated by computers
(Carmigniani et al., 2011; H. K. Wu et alQI3). Yang defines AR as the technology of
the future, who can develomext generation, realitbased interface(Yang, 2011)
Augmented Reality has many advantages compared to Virtual Reality. The main
advanage of AR is the abilityto integrae the virtual environment and reaorld

interaction(Yang, 2011)

By using the Augmented Reality, users can incréfaseapability of finishing tasks by

using virtual information from different sources directly to his work environment like the
live-video streaming, or just getting the ingttion how to operate with different kinds of
equi pment 6s event i f the technician i s no
which is presented in SAP and Vuzix cooperaffeAP&Vuzix, 2014) The Architecture

of the AugmentedReality System is a proceizathas four steps: scene captuseene
identification for choosing the accurate information for boostiregéne processingnd

visualization of the augmented scgAdékhamisi & Monowar, 2013)

Augmented Reality based systems nowadays are used in different aspaetstime
situation, starting from warehouses, maintenance instructions, etc. which help the users
of this technologyto improve decision making and work procedu(BsiRmanret al,

2015)

2.6.5 Big data and analytics

Big data representsi@xtensie data set aoftructured and unstructurekta thais hard
to be processednd mampulatedby using traditionatools Accordingto EMC, data

structures can be classified into four typeMC, 2015)

U Structured Datd data which are classified based on the data type, format and
structure;
U Semistructured data textual data files such as XML data files which are

defined by an XML schema,;
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U Quaststructured data textual data erratic data formats that requires tools to be
formatted,;

U Unstructured data data that does not hawainherent strature which is stored
in different types of file¢EMC, 2015)

Big data can help companies analyze the past, present and predict the future, by using an
analytical application to generate value from the available data, bagedfive V 0 of

Big Data: Volume, Variety, Velocity, Veracitgnd Volume(Hadi et al., 2015; IBM,

2016; Viceconti et al., 2015Below are presented some facts from an IBM aracié
description for each of the fivedv@Hadi et al., 2015)

U Volume (Scale of datd) The quantity of data collected by the organizatiod an
can be used to increase the knowledge for a specific or overall obj&&dseof
todayds data has been created in the |
bytes of data

U Velocity (Speed of data) Data processing for a period of time that supports an
immediate response to increasing efficierityery 60 seandsthere are 7hours
of footage uploaded to YouTube, 216000 Instagram posts, or 204000 emails sent.
50T GB/sec is the estimated rate of gloinéérnet trafficin 2018

U Variety (Diversity d data)- Refers to the type of data that can be structured data,
semistructured data, quastructured and unstructured d&86% of data is video,
images, and documents and 90% of them are unstructurestgtyhotos, etg.)

U Veracity (Certainty of data) Represents the scale of trust onc¢bbecteddata in
order to make a decisioh,in 3 business leaders do not trust the information they
use to make decisions

U Valuei This refers to theaddedvalue that the processes/analyses of the collected
data can bring to the organization, which is closely related to the volume and
variety of data.

In a current competitive environmerir the organization in order to understand the
market trends, ustomeis preferences, unknown correlations, and other business
information they need to apply business analytics t¢@lsonget al, 2017) Business
analytics andbig data support therganization to unerstandts positionaboutthe market

and on the other hand, to forecast and plan the fulthis technology h@animpact on
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increasing customer satisfaction based on customer relationship management (CRM)
systemdata, increase the productivity amodmpetitivenesof the organization by
analyzing the data from the processes and macldtemnget al, 2017) According to
Hadi et al., in the new era of digitalization of government services, Big Data support on
policy and decision making to increase the collaboration between the governments,

citizens, and business(Hadi et al., 2015)

2.6.6 Horizontal and vertical integration

Vertical integrationfocuseson the connection of different levels in company with the
help of IT systems, especially in production management, manufacturing, afel/&w
Programmable Logic ControllePLC) systems like machine controllers, sensors, etc. that
exists within the comparin order to increase the flexibility and performance in planning
and managementiCA, 2015) Integration of Vertical networking with the Cyber
Physical Production Systems (CPPSs) support organization plant to react based on the
stock level or the faults on the system inside smart factories, als@rhearot focused

only intheautonomous orgaration of production management but alsanaintenance

managemen(iDeloitte, 2015)

Horizontal integration implies the connection between all the components of the value
chain, starting from internal company logistiproduction, sales and services, to external
partners, suppliers, customers, energy suppliers, etc. to create a value chain as
autonomously acting participan(ECA, 2015) The horizontal integration enablése
organization talevelopanew business modebncerning:ooperation between customers
and partnes, based on the principle optimized reatime networksthat support the
transparencyandflexibility to react on problems and faults and better global optimization
(Deloitte, 2015)

Application of Horizontal an® ertical integration enables the companies to create new
values in their organization applying smart factoriesvhich canincrease the flexibility

of anorganization, better communication with all stakeholders, autonomous organization

and maintenance management, and organization perfornmageeeral
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2.6.7 Simulation

A simulation is a tool for predicting and evaluating the performanceanélytically
intractable systemsBy integration of sensing, computing, and control, Xieet al.
definesthat simulation optimization helps companies in the decisiaking process

which provides the fAsmart braino requiredc
industrial systemgXu et al, 2016)

Accor di n gheorganizatmoudwillbe forced implement Indusy 4.0because of

their competitors and partnefRod | , .2H@ Erphasis that implementation of
Industry 4.0 will support organizatison new modern simulation modeling, to diversify

the manufacturing process based on the online automated modeling and database

integration.

With the use of future simulations, companies are enabled to simulateativeorld
situation in a virtual modelyhich can help companies to enable testingapionization
of products, places, etc. in the virtual world before the physicaipset

2.6.8 Internet of things

Bacséardi & Gludovétz, declare that there are many reasons to apply the Internet of Things
(IoT) in the Industrial field!'now: the companies can reduce the cost of operation, and
prevent the failure or stoppage of the production iimthe future, the companies gain

extra profit via servicer i ent ed production sysileen and
satisfied for easier decision makin@acsard& Gludovatz, 2017)

According to Zhonget al, the application othe Internet of Things offers advanced
connectivity of different physical objects, systems and services that support data transfer,
sharing and communication between obje¢&honget al, 2017) They declare that lIoT

can be appliedio different industries to achieve the control and automate of objects to
create smart objects.

The application ofhe Internet of Thing devices can contribute to the data reading and
transferring to theentraldatabasesAt the same timethesetypes of guipmentallow
theautomatiorof the data entry, which helpstimereduction of data entry errors and data

processing time.
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2.6.9 Autonomousrobots

In the past, the application of robots has foanglace in manufacturing industries to

solve complex problem&ul3manret al, 2015) According to Rufimanet al, nowadays

the robots are evolvingositively; they will support organizatianto become more
flexible, autonomous, and cooperative that leadsterdiely new way of workingsuch

as communication between robots or worki

learn from them.

According to Fitzgerald and Quasney, the Autonomous Robots are deviceartivairy

in size, functionality, mobilityor the automation abilities, theanperform tasks without

or with minimal intervention or interaction with humans, and they can learn from them
or their environment in support of decision making or task perfayrtfitzgerald &
Quasney, 2018)They declare that Autonomous Robots in the future will be developed
based on fiveprinciples: artificial intelligence navigation cost reductionssensor and
response capabilitiegegulatory reform and public polic¥itzgerald and Quasney state
that the benefits ahe autonomoussystem will add value to the supply chain, with the

following potential benefitgFitzgerald & Quasney, 2018)

Increase efficiency and productivjty
Reduce error, rvork, and ri& rates

Improve safety for employees in higisk work environments

c: c: c: c:

Perform lower value, mundane tasks so humans can work collaboratively to focus
on more strategic efforts that cannot be automated
0 Enhance revenue by improving perfect order fulfillment rates, delivery speed,

and ultimately, customer satisfactiqritzgerald& Quasney, 2018)

2.7 Summary

This chapter presents a detailed literature rewiéwhe research topic. Initiallythe
definitions of ERP systesmare presented, followed by the evolution of these systems.
Each phase of ERP evolutiancluding the changethathapp@ed during tlesephases

are describedn order toanalyze the inplementaiton and application dhe ERP system

as a procesghe ERP project lifecycle isstudied Specifically, with a focus onthe
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identification of critical success factors that hasimpact on this processviany
researcherbBave proposed differenframeworksof ERP implementation and application
One of them, Estevesd Pastor frameworksliffers on the sixstage,as they calthe
retirement stagéesteves & Pastor, 20QI)his is somehow related to the achievement of
ERP maturity and the need of the organization to go further in the digitatizatorder

to fulfill the organizatiofs requirements. Tis chapter presents critical success fagctor
that haee animpact on the implementation and application of ERP systemsadottus

on analying the ERP selection, implementatjoand benefits ofthe application.
Furthermore, the relationship between the business processes and implementation and
application of ERP systems analyed considering the frameworks that support IT
governanceAlso, previous maturity models in general and specificallyBE&®P systems

are analyed and presentedhe previous models are very complex to be used by the
organization alsowith the new rapid technological changédswas necessary to be
developedan ERP maturity model #it suppors organizatios on the current wave of
technology On the other hand, the definition and technologies of Industry 4.0 are well
analyzedThis chapteenabled to create the basis in support of the research topic.
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3 METHODOLOGY

The quality of thisresearch depends several aspectsuch agheresearch combination

of literature along with the field survegnd theselection of theappropriate research
methodology This researchhas determined the statement of @reblem, ains and
objectives, theresearch questions and hypo#ss methodology selectionand
application of the best methods that suit and prowideurrent state of ERP systems and
Industry 4.0.The objectives of thisthesisareto identify if the strategic use of IT has
impact onthe process dERP vendor selectigmmplementation andpplication as well

as to study what is the relationship between different stages of implementation and
application of ERP systemnd business penfimance At the same time, the study am

to analyze if ERP application can be used to predict the readines®fanization for
Industry 4.0.In order to achieve the best results and fulfill the aim and objectives of the
study, the best préces are used in close cooperation with the thasistor.

Below arethe steps thatare followed closely to layout the design, development, and

implementation methodology for the completion of the study.

Identification of the research undertaking;

Literature review;

Problem statement;

Definition of the research aims and objectives;

Definition of the research methodology;

Development of the research methods and research instruments;
Design of the questionnaire;

Data gathering througie survey

Verification of data reliability andalidity;

Data processing and analysis;

Resultsassessment and anadgz

c: c: c: c: c: c: c: c: c: c: c: c:

Conclusions, contributionand research recommendations.
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3.1 Research design

After the literature is reviewed, it is deemed necessary to develop and design the central
research questions. Ensuring the research the right trackit is consideed essential

to be harmonized witlthe literature on existing frameworks about the EgStemso

deliver unbiased results. Below are further details for the work methodology and thorough
process in developing the research questions that would be entirely appropriate related to
the design of the study that will be described below aboutdéwelopment of the
guestionnaireand model The research questions are tailored to provide a clear
understanding of the ER§ystemimplementatiorand applicationin Kosovq to validate

and check the reliability of the proposed model for ERP system imptatitenand

application.

It is understood that the intention of this research ideteelop a maturity model for
implementation and application B8RP systemsand atthe same time to see if there is
any relationship between the ERP application with tadiress of the organizatiefor

the Industry 4.0and the impact of Industry 4.0 to the ERP approach. The selection of
Kosovo has been seen as an opporturetyause of the data collectidrable8 presents

theresearch questions of the stuahydthe source of the data.

Table8 Research questions of the study.

Nr. Research questions Source

RQ1  What is the relationship between ERP selection, EI Primary data
implementation and ERP application witie

organizatio® EI' Strategy?

RQ2  What is the impact of ERP selection on ERP Primary data

implementation and application?

RQ3 Does the ERP implementation have an impact ont Primary data
ERP Application?

RQ4 Is there any significant evidence that ERP applicati Primary data

has a positive impact on organization performance
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RQ5 What is the impact of Industry 4.0 on the ERP systi Secondary data
approach?

While the research hypothessof the studyre

Table9 Research hypothes

Strategic use of IT significantly and positively affects ERP
Implementation

Strategic use of IT significantly and positiahects ERP
Selection

Strategic use of IT significantly and positively affects ERP
Application

H1 Main Hypothesis
H1.1 SukHypothesis

H1.2 SukHypothesis

Appropriate ERP Selection has a positive impact on ERP
Application

Appropriate ERBelection has positive impact on ERP
Implementation

H2 Main Hypothesis

H2.1 SukHypothesis

ERP Implementation has a significant and positive impact
ERP Application

ERP Application has a positive impact on Performance
Indicators

H3 Main Hypothesis

H3.1 SukHypothesis

ERP Application can support organization to evaluate thei

H4 MainHypothesis readiness for Industry 4.0

3.2 Research plan

This study starts by analyzing and organizéxisting research through secondary data
(published papers, from academia, indusagd other data sourcef) review and
understand the current situation on the ERP systems in geDeralg the literature
review, the focuswas on identifying the factors that havan impact on the
implementation and application of ERP systesiraitegic use of ITandtheactualmodels

of measuring the maturity of ERP systenifie Webster and Watson approach for
literature reviewservedas an appropriate approach for gaining comprehensive insights
(Webster & Watson, 2002The iteraturewascollectedfrom electronic databases, like
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Sciencebiect, EBSCO, SpringerLinland other databases witiefocus on Information
Systems Computer Sciencesand Business ManagememBesides academic scholar
publishing,the study has also taken opinions from the industry side where often reports
play anessatial role in enriching the knowledge that comes from the industry Kmmw
thatcannotbe ignored even thoughestudy is purely acadenatty basedOn the other
hand,to answer the research questions and hypeshéswas necessartyp undertak
primary research in Kosovorganizationgelated to the maturity of ERP systems and
their awareness about the Industry #o0achieve the aim and objectives of this thesis.
Primary datacollection is doneby using a questionnaireand quantitativeresearch

methodology

Thequestionnairés developedccording taheDillman approachHe declares that there
arethree types of data variables: opinion variable (venétrpriseshink), behavior (what
people did in the past, do now or will do in the futuae)d attribute (characteristics such
as age, gender, education, income, e(®ilman, 2007) The questions in the
questionnaire willtry to answers the research quesiaand validate the research
hypothess.

Accordingto Dillman, data collection from questionnaires is classifi¢oltwo optiors:
Selfadministered (interngnediated questionnaires, mail questionnaires) or Interviewer
administered (structured interviewgexhere the data are collected face to féodman,
2007) In thisstudy, both of the optionareused to collect the datBata analysiss done

in theR software.

Often during the fill surveys obrganizatios, asignificantconcern is how to obtaihe
willingness of the companiésdividualsto participate in thetady. In our case, ERP
systemimplementation and applicatipthewhole number oforganizatios in a specific

sector is always hard to fully define for many reeseuch as their respective location,
lack of re@inessto participate in the survey, data confidentiality, competitom many

other reasons. The questionnaire has been tailored specifically for this survey and
available in both languageslbanian andEnglish bearing in mind that the questionnaire

has been approved by the thesis mentor. To ease the process furtheestienairés

createdusing Google forms andentto organizationghrough a link (also a word/excel
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has beemleveloped for companidisat operatén a traditional format). The questioase

expected to take apprioxatdy an averagef 16 to 20 minutes.

3.3 Questionnaire development

The questionnaire desigmainly has been based on theee identifiedmaturity models
andframeworks of ERP lifecycle earlier done by different researchers in exastiolgs
however their scope and extensibiligrelimited; therefore it was necessary to create a
modified framework including research questiovigst of the questions are taken from
existing maturity models such as those proposed by Holland and Light, specifically for
the Strategic use of IT; Parthasarathy & Ramachan&eanzo, also some critical factors
are converted into question based on the pusvstudies and gimpact they have on
specific phase during the decision for ERP implementation and during the
implementation and application phas@dolland & Light, 2®1; Parthasarathy &
Ramachandran, 2008; Scanzo, 20K130, questioabased on the ERP industry reports
are generatedlhe determination o$tagesof ERP implementation and application is
done based on the identified ERP lifecycle as they are descniltie literature review,
while the main focus was on Esteves and Pastor ERP lifecycle implementation and
application stagefEsteves & Pastor, 20QI)he questionnaireonsistedf appropriate
questions related to ER&ystems implementation @rapplication and Industry 4.0.
Existing frameworks have been reviewed based on literature totkdedest applicable
approachBecause the questionnaire is developed from the beginning, it is retpuired
check the reliability of the questionnaire, presertteslQuestionnaireReliability sub
chapter.The questionnairecontairs seven sectiaawith questions: Gener&uestions
Straegic use of IT, ERP Selection, ERRplementation, ERRpplication,Performance
Indicators and Industry 4.0.

Initially, the weight of the questior@seequal andafterthe data gathering and evaluation
based on the methods mentionedthe section where the maturity modets been
proposedthe weight of each item of the model was recalculaié& aganizationis
asked to provide a seffvaluation of their current ERPhplementation and application.
During the questionnaireanalyses and desigiseveral factors were considered and
available as to what model tailize. Likert scale type model that was developed in the

principle of measuring attitudes about a specificdapid if participants agreed with them
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(McLeod, 2008) These are scales of agreement or disagreement in a linear form where
organizationsnterviewed can strongly disagree to strongly agree. The choices are offered
on five scales, seven or even nibet must always bear a neutral point meaning nor

agreeing or disagreeir{lylcLeod, 2008)

The Likett scalemodelhas been extensively used by many reseasamere specifially
applied tomeasure character and personality trajtskert, 1932) Due toa rigorous
research approach by measuring and delivespgcific results Likert created a
procedure offerig attitudinal scales that included such as blalert, 1932)

171 Strongly approve
271 Approve

31 Undecided

4 - Disapprove

5 - Strongly disapprove

Furthermore, five Likert type scale model utilized:

Strongly disagree
Disagree
Neutral

Agree

o b~ 0N PE

Strongly Agree

Tablel0 Likert scale questionnaire

Strongly Disagree Neutral Agree Strongly
Disagree Agree
1 2 3 4 5
Question? 3 3 5 5 3

While in section seven, IndustryQquestions, because of the nature of fie&, the

response option asas follows:
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Tablell Industry 4.0 response options

Not planned  Partially Planned in Fully Present
at all planned the next 3 planned already
years
1 3
2 4 5
Question? 3 5 3 5 5

In this case, it is considered that this scale offegsificant advantagesiot only
answering yes/no but givirgsignificant degree of opinion expressjiamd quantitative
data isreceivedandanalyzedMcLeod, 2008)

Thequestionnairelesign dates from 201Boweverintensive work habeen coordinated
with the thesis mentor beginning of 20N&verthelesghe research framework has been
drafted and approved back in 301

3.4 Questionnaire reliability

At the initial stage, the preliminary reliability test was conducted using a pilotlsamp

(n=19 patrticipants). The results are reported in Table

Table12 Reliability analysis results

Constructs Number of items Cronbach's Scale mean Scale SD
included in the alpha scores
scale

Strategic use of IT 8 0.78 3.89 0.52
ERPSelection 8 0.73 3.96 0.49
ERPImplementation 8 0.82 3.84 0.56
ERPApplication 8 0.71 4.10 0.36
Performance Indicators 8 0.76 3.84 0.42

Industry 4.0 13 0.77 1.89 0.56

As shown in Tablel2, al | t he v alAlfee sangedffronC0.7d rfldieatc h 6 s

constERRAptp I @ cat i oBRP) mp b e e BRaEddindhalevgl0.70
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recommendetdly Nunnally(Nunnally & Bernstein, 1978)Thus, the internalonsistency

ofal | used constructs meaacepable d

by

Cronbac

Further, itertotal (correlation between an item and a suledcéemrest (correlation

between item and subscale with the item dropped), andiieteraverage)among items

within the subscale) correlatiowas investigatedn Table 13. Table 13 indicates six

problematic items .6 An external ERP consultantirs/olved in the evaluation tegm

4.4 Communication betweehe departments is digitalized and efficieh6 Easier job

for employees4.8 The organization has successfully adopted business changes and their

supporting processes (people, IT, culture, eff,0Organization achieved the goals to

create new innovative product/servicés8 Availability of information and better

decisionmaking 6.2 Robotg with correlation with the rest of the items030 and

average inteitem correlation lower acceptaldfavel 0.15 proposed b@lark and Watson
(Clark & Watson, 1995)The decision about theggemswill be made when further data

are collected, based @h r o n bA#pleabadesacceptabland interitem correlation is

lower butnear 0.15.

Tablel3 Item-total and iterrest correlation within the constructs

Average Item score
Item-total ltemrest )
[tems n ) ) inter-item
correlation correlation _ mean sd
correlation
1.0 Strategic use of IT
1.11T and Business
strategy are aligned and
the organization has 19 0.69 0.61 0.42 416 0.50
clearly defined goals and
objectives
1.2 Top management
support exist in strategic 19 0.50 0.36 0.27 416  0.69
investment projects
1.3 Feasibility study is
donefor technical and
0.67 0.54 0.36 3.74 0381

human resources and

infrastructure
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1.4 Crossdepartment
cooperation is smooth an 19
effective

1.5 Employees are
proactively involved in
digitalization and they 19
support theébusiness

changes

1.6 The organization has
clear vision of ERP 19
implementation

1.7 Costbenefit analysis

is part of ERP

implementation and

19

application

1.80rganization is

prepared for Change 19
management and Busine

Process Reengineering

0.59

0.72

0.74

0.58

0.65

0.37

0.56

0.63

0.46

0.53

0.21

0.34

0.39

0.36

0.39

3.84

3.53

4.00

4.00

3.68

1.12

1.07

0.82

0.67

0.75

2.0ERP Selection

2.1 Top management

firmly support the

evaluation team in the

ERP selection process
2.2The ERP vendor and
implementation partner

have a strong portfolio in 19
terms of technical and
financial capacities

2.3 The vendor and
implementation partner

have a suitable solution 19
that results in

organization benefit

0.68

0.76

0.47

0.56

0.63

0.32

0.36

0.39

0.22

4.00

3.84

3.95

0.75

0.90

0.71
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2.4 The vendor and
implementation partner
understand the 19
organization culture and
industrial norm

2.5 The evaluation team
involves both

management and user 19
representatives

2.6 An external ERP
consultant is involved in 19
the evaluation team

2.7 The hardware and
infrastructure are at an
affordable cost to ensure 19
functional system
performance
2.80rganization has run

19
pre-implementation pilot

0.53

0.63

0.47

0.75

0.59

0.36

0.51

0.18

0.60

0.50

0.24

0.33

0.12

0.36

0.31

3.89

3.89

3.58

3.89

4.63

0.81

0.66

1.22

0.94

0.50

3.0ERP Implementation
3.1 The scope and
objectives are clearly
identified by the

implementation team

19

3.2 The project is
implemented oime

3.3 The organization is

well trained to accept the
changes for the best 19
practices for a new ERP
system

3.4 The implementation
partner can bridge the ga 19
between the existing

workflow and new ERP

0.22

0.87

0.77

0.59

0.06

0.78

0.67

0.47

0.03

0.51

0.44

0.30

4.16

3.74

3.58

3.79

0.69

1.15

0.84

0.71
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business practice by
appropriate change
management in the
organization

3.5 Employee's user
training during ERP
implementation is
effective

3.6 External ERP
consultant engagement
resulted with success on
implementation

3.7 The project is
implemented on budget
3.8Implementation
strategy has been
appropriate

19

19

19

19

0.75

0.71

0.65

0.72

0.66

0.57

0.52

0.64

0.43

0.37

0.33

0.41

3.84

3.58

4.05

3.95

0.76

0.96

0.85

0.62

4.0ERP Application

4.1 The organization
achieved the goals and
objectives to implement
and apply the ERP systel
4.2 The organization
reduced manufacturing o
service offering lead
times

4.3 Processes are
automated and functional
4.4 Communication
between the departments
is digitalized and efficient
4.5 Easier job for

employees

19

19

19

19

19

0.51

0.54

0.71

0.41

0.44

0.35

0.36

0.60

0.18

0.25

0.22

0.20

0.32

0.12

0.13

4.26

421

421

4.16

4.53

0.56

0.63

0.54

0.69

0.61
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4.6 Departments are

integrated into a single 19 0.92 0.86
ERP system

4.7 The organization

reduced operating/labor 19 0.67 0.46
costs

4.8 The organization has

successfully adopted

business changes and 19 0.34 0.19
their supporting processe

(people, IT, culture, etc.)

0.45

0.27

0.11

3.95

3.74

3.74

0.71

0.81

0.45

5.0 Performance
Indicators
5.1 ERPimplementation
and application of ERP
_ 19 0.67 0.52
resulted in Increased
profit
5.2 Improved delivery
_ _ 19 0.61 0.50
time of product/services
5.3 Reduced

administrative workload

19 0.78 0.67

5.4Improved interaction

between department, 19 0.75 0.61
customers, and suppliers

5.5 Business success in

terms of sales and marke 19 0.46 0.30
share

5.6 Organization achieve

the goals to create new

. ] 19 0.35 0.15
innovative

product/services

5.7 Reduced costs 19 0.83 0.73
5.8 Availability of

information and better 19 0.38 0.24

decisionmaking

0.32

0.30

0.39

0.36

0.16

0.11

0.43

0.14

3.47

4.05

411

3.79

3.47

3.58

3.74

4.47

0.70

0.52

0.74

0.85

0.61

0.69

0.73

0.51
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6.0 Industry 4.0
6.1 Does the organizatior

have an Industry 4.0 19 0.73 0.66 0.37 1.84 0.96
strategy
6.2 Robots 19 0.32 0.25 0.17 1.32 0.58
6.3 Internet of Things 19 0.78 0.72 0.39 1.74 0.87
6.4 Sensors 19 0.55 0.41 0.22 211 1.24
6.5 Predictive Analytics
_ 19 0.54 0.42 0.24 205 1.08

and Maintenance
6.6 Autonomous Systems
(vehicles, warehouses, 19 0.41 0.27 0.16 1.68 1.11
drones)
6.7 Simulation 19 0.57 0.50 0.29 1.47 0.70
6.8 Cloud Computing,

19 0.66 0.51 0.25 284 154
Cloud Systems
6.9 Virtual Reality or

19 0.06 -0.08 -0.04 1.42 1.02

Augmented Reality
6.10 Machine Learning 19 0.38 0.28 0.16 1.58 0.77
6.11 Big Data and

_ _ 19 0.55 0.40 0.19 274 137
Business Analytics
6.12 Artificial
_ 19 0.62 0.51 0.24 1.68 1.06
Intelligence
6.13 Machine to Machine
19 0.65 0.52 0.24 205 1.39

Communications

Basedon Tablel3, two items B.1 The scope and objectives are clearly identified by the
implementation tearand6.9 Virtual Reality or Augmented Realjtghould be excluded
from the final questionnaire. The fiiggm 3.1 The scope and objectiwekichare clearly
identified by the implementation tearhave a low interitem correlation (0.03). The
secondtem, 6.9 Virtual Reality or Augmented Realjtig negatively correlated with the
rest of the items. Sdhese items are inconsistent with the refsthe items from the
corresponding subscalérabetter understandinaf the relationship between the item
the mentioned item will be not removed until all the data are gatheretharidal

analysisis done.
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Finally, theaverage score for each construct was calculated as the mean of the item scores
within each subscale. Figudadisplays correlation coefficients among all constructs.

35 40 45 36 40 44 43 10 20
1 1 1 | T | 1 1 1 1

R ] - 1i
0.42 0.23 0.47 0.12 0.29 N

*

0.53 0.34 0.16

35 40 &5

0.25 e

5 40 45

16 40 424 43

0.14

[x =
=
=]
o
a4 ]
S
; :
T
10 35 40 45

— ©°

Figure4 Correlation among constructs (preliminary results)

As shown in Figurd, all correlation coefficients atewer than threshol@.85, indicating
no significant overlap between the constructs Awangporting discriminant validity
(Awang, 2014)

3.5 Field survey

Selecting an area is always a challenge due to peatfical reasonsuch asaccess to
companies as well as measgrcurrent trends of developmerfhe ®lection ofthe
Kosovoregionhas been seen as excellent opportunity for this specific stuglgcause
of the diversity of the organizatiemlso the dvelopment phases thidie organizatios

reachedast 20 yearsandthe technological changesef have faced during this time
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including migrating to ERP systexrBecausesome organizatigare limitedin thescale
of knowledge in terms of ERRystems a careful approach has beearried out in
selecing organizationsthat fit well with the applicationknowledge and respective
benefits that ERBystemsffer.

3.6 Sample size determination

Sample size detenmation is essentialwhen applyingthe quantitative method. The
confidence level in terms of acceptance is usually at ar80f6 95%, and 99%. The
margin of errors or widely accepted terminology confidence intemagirange from 1%
to 8% but also mayetheresearchés decision on many factors influencing the study or
inability to obtain the respondeedback from the targeted audienEer the real numbers
of theorganizatios that apply ERP systems are not fully kngwawever based on the
contact with the companies who implement ERP systems in Kogas@stimated that
there are between 710 7 200 organizationsthat are fully functionalon ERP system
implementation and applicationThe number of new business venturesopénng
business and closingsually happensery fast as mainly they are smaiked industry
and primarily familybased The hottom line, since the exact numbers manbe
determinedorecisdy, this can be summarized as NL#6 (number of population size).
Due to many limits in the confidence level has been taker®%saihd the confidence
interval (margin of error) as 6% he questionnaire has been sent to #&cbmpanies
and only 91 respondentsmve answeredhereforemeeting the criteria and categouize

as petheabove explanation.
3.7 Field Interviews
The study targeted various management levels at the comp&eesréal Manager,

Owner, or Board Member, Top Level ManageménhtManager or CIQIT Specialist

etc.).Table X4 presents thdistribution ofpositions of the interviewse
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Tablel4 Position of the interviewee

Position of the interviewee Respondents Percentage
Top Level Management 34 37.36 %
IT Manager or CIO 20 21.98 %
IT Specialist 15 16.48 %
Other 13 1429 %
General Manager, Owner, or Board Membel 9 9.89 %

For the questionnairethe format has been tailored to meet the stabjectives and its
purpose At first, the questionnaireequired toanswemecessargompany information
suchas location number of workers, industigategory the position of the interviewee,
andcompanynameto ensureahevalid organizations part of the survey and finalgvoid

any duplicatiorof efforts.
3.8 Choosing the method taconduct the research

The methods selected for this study are thought to be a combinatjolartftative and
qualitativemethods. Choosing one vs. another certainly have their bemefitever in

this caseijt is best thought to have a combinatiohmehodsthat will provide more
insights from the field and literature review. As the study progressed through framework
analysis and wulepth literature review, the questions were detaideda quantitative
surveywas a necessity. The variables were stmectin a manner that they can be tested
with the statistical methogsherefore,the questionnaire design, development, scaling
will meet the target lot number size agide reliable results. The questionnaire design
was sent forward to therganizationsn a suitible formatthey were called and consulted
via phone, personalmail, personal contacts, personal site vjgts. As stated aboye
many challenges were encountered during the survey as some of the compamies did

responclthereforeit required several times and contacts to be made.
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In Kosovo,the organizationstructureis around80% small size and famihpwned with

the focus for local consumption products and \ilimited focuson exports due to their

size capacitiesTheintenion was to approach only the industries that meet the standards
and capacitiesf organizatios that have ERP systemsluave theability to expand their
ERP systemdt is consideredhat regardless of the company sigeen smalcompanies

can still appy technological toolsuch as ERBystemsand may fully enjoy thedvantage

they offer howeverthe cost oBnERPsystems often an issue for smadize companies

Table1l5 Number of workers

Number of employees Number of employees Percentage
50- 249 31 34.07 %
10-49 29 31.87 %
250and more 27 29.67 %
1-9 4 4.40 %

Percentages do not always equal 100% due to rounding.

The classification of the organizations is done in four leyaiesented in Tablé&5.
Considering that ERP systems find more applicationorganizations witha larger
number of employees, then over 63% of the surveys are from such organizations,
respectively 8.07% with 50- 249 employees and 29.67% wiG0and mae employees.

Then, the rest of the respondents, respectiadly87% with 1849 employees and 4.4%

with less thamine employees. The goal has been to have a better representation of the

situationof implementation and application of ERP inleitels of theorganizations.

Tablel6 Type of Industry

Industry Number of Percentage
Organizations

Wholesale & Distribution 29 31.87%
Manufacturing 19 20.88%
Retail 13 14.29%
ICT 10 10.99%
Professional &inancial Services 7 7.69%
Public Sector 5 5.49%
Education 3 3.30%
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Healthcare 3 3.30%
Other 2 2.20%

Percentages do not always equal 100% due to rounding.

The classification of organizations is based on the literature rethewpreliminary list

IS generated based on research done by Panorama Consulting (Panorama Consulting
Solutions, 2019). At the same time, local companies that have implemented ERP systems
in Kosovo have also been contacted to verify if they have implechantkapplied ERP
systems in such industries in Kosp@aacording to the preliminary list. After analyzing

the classification of industries in the report of Panorama Consulting and their verification
with localcompanieghat implement such systems, theafilist presented in Tablé1s

generated.

The industries that have responded most positively to the survey are Wholesale &
Distribution - 31.87%, Manufacturing 20.88%, Retail 14.29% and ICT- 10.29%.
Although it has been attempteddo the surveymore in the manufacturing sector, the
percentage of organizations in this industry that participated in the survey has also been
dictated by the willingness of organizations to participate in the research.

3.9 Summary

This dhapter presents in detail the research approach that was applied during this thesis.
For the creation ofa literature review, Webster and Watsorere identified as the
appropriate approaghVebster & Watson, 2002)A questimnaire is developed to collect

the data from organizatisnn support of model validation. To design and develop the
questionnairgthe Dillman approach was appliédillman, 2007) In order to check the
questionnairs reliability, initially, it was sent to 19 organizatigrand based on them

the questionnee isanalyzed andpproved for further investigatiaf the problem Also,

in this chapterdetails regarding the sample size determination, field interviktasls,
classificationof the organization is presentédirthermorethe applied research rhetds

are presented
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4 ERPMM: THE PROPOSED MATURITY MODEL FOR ERP SYSTEMS

Maturity models support the organization to amahand evaluate the organizaten
business processes in support of identifygags and Wwerethe organization standsith

thar matuity levelfor a specific objectie Threematuritymodels developed by preuis
researcherso measure the ERP maturity leele identified Becausetechnology is
changing rapidlyalso ERP vendors are adopting ERP systems basedangdmézatiors
requirements, it was necessary to developnew ERP maturitymodel with a new
approachaboutthecurrent state of ERP systeimgplementation and application process
in support ofthe organizatios. Based orthe literature review, the initigheoretical
maturity model for ERP systems were createdjuestionnaire was developtacheck

the validation and reliability of the modélhe questions are generated from existing
identified maturity models (Holland and Light, Parthasarathy & Ramachan8canzo)
also by identifying othercritical factors at specific stages that influence the
implementation and application of ERP systems that were mentioned by different
researchers and referenced on Literature Review ché@idtdtand & Light, 2001;
Parthasarathy & Ramachandran, 2008; Scanzo,)28tthe same time, reports from the
industry helped irthe generation of new questisrbased on the new technological
changes thahaveoccurred recentlyThe initial model is constructed based on some of
the ERP system lifecycle stages proposed lgMes and Past@Esteves & Pastor, 20Q1)

In order to validate the mobledata were collected from 91 organizations that have
implemented and are applying ERP systems.

After data collection and analysis, the following methods have beeredgplexamine

the reliability and validity of the model: Average Variance Extract®®E, Cronbach's
alpha, Composite Reliability, and Loading to evaluate if the model can be accepted.
Chapter 5 presentbedetaikd resultof all the analyzes done to validate the model and

its reliability. Thus, the final model contained 35 variables.
The proposed model to measure the maturity of BgRems (ERPMMmplementation

and application has been developed in full harmony with thetlireraeview that has

been done in this study through the use of secondary Daamodel to measure the
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maturity of ERPsystens implementationand application (ERPMM) consists of 5

constructsas shown in Figure 5. The model constructs are:

Strategiause of IT;
ERPSelection
ERP Implementation;

ERPApplication

o bk 0N PE

Performanceéndicators.

Strategic_use_of [T

ERP_Selection Performance_Indicators

ERP_Implementation f— £RP_Application

Figure5 Proposed ERP maturity moddERPMM

In Tablel7, is presented the model constructs with the specific variables for each of the

construcs of the model.

84



Tablel7 Model constructs

Construcs

Variable

Strategic use of I

Top management support exist in strategic investment projects
Feasibility study is done for technical and human resources and
infrastructure;

Crossdepartment cooperation is smooth and effective;
Employees are proactively involved in digitalization and they
support the business changes;

The organization has a clear vision of ERP implementation;
Costbenefit analysis is part ®RP implementation and applicatiol
Organization is prepared for Change management and Busines
Process Reengineering.

ERP Selectior

Top management firmly support the evaluation team in the ERP
selection process;

The ERP vendor and implementation partm&re a strong portfolio
in terms of technical and financial capacities;

The vendor and implementation partner have a suitable solution
results in organization benefit;

The vendor and implementation partner understand the organizi
culture and indusial norm;

The evaluation team involves both management and user
representatives;

The hardware and infrastructure are at an affordable cost to ens

functional system performance.

ERP Implementatior

The scope and objectives are cleadlntified by the
implementation team;

The project is implemented on time;

The organization is well trained to accept the changes for the be
practices for a new ERP system;

The implementation partner can bridge the gap between the exi:
workflow andnew ERP business practice by appropriate change
management in the organization;

Employee's user training during ERP implementation is effective
The project is implemented on budget;

Implementation strategy has been appropriate.
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ERP Application

The organiation achieved the goals and objectives to implement
and apply the ERP system;

The organization reduced manufacturing or service offering leac
times;

Processes are automated and functional;

Communication between the departments is digitalizee#iuient
Easier job for employees;

Departments are integrated into a single ERP system;

The organization has successfully adopted business changes al

their supporting processes (people, IT, culture, etc.).

Performance

Indicators

ERPimplementation and application of ERP resulted in Increase
profit;

Improved delivery time of product/services;

Reduced administrative workload,;

Improved interaction between department, customers, and supg
Business success in terms of sales and enatiare;

Organization achieved thgoals tocreate new innovative
product/services;

Reduced costs;

Availability of information and better decisianaking.

During the literature

review, there could not be foarsimple and commonly accepted

way howto calculate the importance of the constructs. Stamdardized loadings from

Table23 were used to determine the weight for each item and construct in total. Initially,

the weight of the five constructsas calculatedased on the sum of all items in the

specific constructs.

Table18 Weight of the constructs of the proposed model

Construct Weight of construct
Strategic use of IT 1911%
ERP Selection 2035%
ERP Implementation 2043%
ERP Application 2029%
Performance Indicators 1982%

Based on Tabl@3, below are presented the weight for etiem of the constructs
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4.1 Strategic use of IT construct

The variablesn Figure 6 presents the factors that are relaigte impact ofstrategic
use of IT on the process of measuring the maturity of the ERP iraptatron and

application based on the developed model of this study.

Top managgpent support
exist in|strategic
investment projects
0.90
Organizat®®%s prepared 0.80 FeasibilityG#8ly is done for
for Change management technical and human
and Business Process resources and
Reengineering infrastructure

0.73
Cost-benefit analysis is part
of ERP implementation and
application

0.63
Cross-department
cooperation is smooth and
effective

0.76

Employees are proactively
involved in digitalization
and they support the
business changes

0.81
The organization hasy

clear vision of ERP
implementation

Figure6 Strategic use of IT items weights

The most important factor of Strategic use of IT is the definition of the organization
vision about ERP system implementation and applicatigproximately the same
weight with a small difference is between tlaetor if the organization has done a
feasibility study in order to understand that the organization is capable of providing
enoudn technical and human resources and infrastructure in the process of ERP
implementation and applicatioand involvement ofemployees in theprocess of
digitalization and their support on thesinesprocesschangesCostbenefitanalysisis
considered athe fourth factor based on the analy8ased on the calculated weigltt

is approximately on the same level of importance as the readiness of the orgasfization
change management andusiness process reengineering.While cossdepartment
cooperation is listed as tlse&xth factorof the Strategic use of 'TEventhoughduring the
literature reviewone of the main factewhich hasasignificantimpact on the success of

ERP implementation and application is identified managemensupport,in this study
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compared with other factepn the same construct it is listed as st factor based on

the importance ithecontext otop managemendupport on strategic investment projects

4.2 ERP selection construct

The final version of the develefd construct ERBelection contains six factors after the

statistical analysis.

Top manggajnent firmly
support the evaluation
team in the|ERP selection

process
0.64 929 0.84
The hardware and O: The ERP vendor and
infrastructure are at an O_ implementation partner
affordable cost to ensure .40 have a strong portfolio in
Tdzy QG A2V € 3 §SNX¥a 2F GSOKyAOI
10
.00

0.81
The vendor and
implementation partner
have a suitable solution
GKFG NBadzZ Ga Ay

0.74
The evaluation team

involves both management
and user representatives

0.74
The vendor and

implementation partner
understand the
2NBFYAT I GA2Yy OdzZ G§dzNB | yRX

Figure7 ERP Selection items weights

The highest important factor of this construct is the experjearoe the technical and
financial capabilities of the ERP vendordimplementation partner, followed by the ERP
solution which is offered to the organization who wants to implement and apply the ERP
system. While two othdiactors the support of top managent ofthe evaluation team

on the process of ERP selection and involvement of management and user
representativehave the same weight on the ERP selection construct. Also, based on the
study and thealculatedwveightof the factorsit is considered tht it isessentiathat the

ERP vendor and implementation partner should understand the orgarszaifitome and
industrial norm. Compared with the other factor of the constLiEiRP selection, the

cost of hardware and infrastructure haveltivgest impact.
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4.3 ERP implementation construct

The study shows that the highest important faictdhe ERP implementation process is
choosing the appropriate implementation strategy, followed by the definition of the

implementation timeline factor.

0.69
The scope and objectives
are clearly identified by the

implementation team
0.90
0.84 0.80 0.78

Implementation strategy Theproject is implemented

has been appropriate on time
0.72
0.73 The organization is well
The project is implemented trained to accept the
on budget changes for the best

LINI OGAOSax
0.77
Employee's user training

during ERP implementation
is effective

The imBrgﬁlentation
partner can bridge the gap
between the existing
62N Ff 26X

Figure8 ERP Implementation items weights

User taining during the implementation of ER&stem and the ability of the
implementation partner to bridge the gap between the existing workflow before and after
the ERP systemimplementation and application by choosing the appropriate change
management are weighted on the same level with a bit more impordétive user
training The implemenation of the project on the planned budge listed as the fifth
factor of ERP implementatioklVhile preparing the organization for the new ERP system
and definition of the goals and objectives by the implementatemn &re listed as the
sixth and seventh fact®based on thealculatedweight on the ERP implementation

process.
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4.4 ERP application construct

On theERP applicationfactors presenteih Figure 9the mosfcrucialfactor is process
automatiorand functionality.

The organization achieved
the goals and objectives to
AYLX SYSyid X

0.820.77
0.80 0.77
The organiZAidmhas 0.78 The organization reduced

successfully adopted

manufacturing or service
odzaiySaa OKF

offering lead times

0.81
Processes are automated
and functional

Departn(%é?n(%s are
integrated into a single ERP

system
0.71 0.72
Communication between
Easier job for employees the departments is

digitalized and efficient

Figure9 ERP Application items weights

While the organization aigto achieve the planned goals and objestieeimplement

and apply the ERP systemeduce the manufacturing or service offering lead tame

ability of the organization to successfully adopt business changes and their supporting
processeare listedbn the sam&vel with the same weight. Also, on the ERP application,
with lower imporance than the previolysmentioned factors are listed the impact of ERP
application on the workload for the employees, the integration of department into a single
ERP systenand digitalization of communication between the departments and increased
efficiency between departments.
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4.5 Performanceindicators construct

Based on the literature review, there are eight key fathatsare identified that are
necessary to evaluate the importance of ERP implementation and application on the

business performance.

0.64
EPR implementation and

application of ERP resulted
in Incredsed profit

0.71 0.90 0.80
I . . 0-80 . .
Availability of information 0.70 Impfoved delivery time of

and better decision-making 0 product/services

0.68 0.81 . .
Reduced administrative
Reduced costs
workload

0.66
Organization achieved the
goals to create new

AYYy20FGA@BSX

0.82

Improved interaction
between department,

customers, and suppliers

0.74
Business success in terms

of sales and market share

Figurel0 Performance Indicators items weights

Figure 10 shows the indicators and their respective weight based on this study. It is seen
that the highest important factor is the ability of ERP application on business performance
in the context of improving the interaction between departments, custpraed
suppliers. With a small difference, are listed two other factors the improvemtre of
delivery time of the products and services and the impact of ERP application on reducing
the administrative workload. Based on thaght presenteth Figure 10,0ther important
factors of business performance are calculated success of business in terms of
increasing the sales and market sharesthadvailability of information and better
decision makingAt the same timegther factors, the cost reductj@nd the ainto create
innovative products/servicéisat are listedn the sixth and seventh plac@&he last factor

of business indicatoris the impact of the ERP application to increase the profit of the

organization.
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4.6 Maturity levels of ERPMM

Taking into consideration the calculated weight for each of the items of the constructs, it
IS seen that the weight of tharariesfrom 0.62 to 0.8. As it is mentioned, the weight of

each of the items is calculated based on the loading factor preseokegter five.

With the applicationof the presented maturity modél ERPMM and the calculated
weight for each of the items of the constructs of the model, now it is manageable to
determine the maturity of the ERP implementation and application of the organization. In
order to determine the classification of ERP maturity, the GMjpproachwith a five-

level classificatiorwill be applied.

Tablel19 Five levels of proposed ERRaturity Model

Maturity Level Classification Evaluation
Level | 1-20 Non-Compliant
Level Il 21-40 SubstantiallyCompliant
Level I 41-60 Partiallyx-Compliant
Level IV 61-80 Compliant
Level V 81-100 Fully-Compliant

Non-Compliant the organization did not achieve thessential criteria for the
implementation and application tfe ERP systemThere are many critical issues that
theorganization faced during this process

SubstantiallyCompliant theorganization lacks on the implementation and application of
ERP systems, even that there is a minipuaitive impact on this process.
Partiall-Compliant the organization started to identify the impacttsome aspect of
implementabn and application of ERP system even that what acsevedit is not
enough,;

Compliant theimplementation and application of ERP system restuiitéige integratbon

of organization functions and positive feedback on all levels where the ERP is applied.
The organization achieved to create a stable system in support of the organization

stability;
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Fully-Compliant the organization actentirely in accordance with thimitial strategic
plan for implementation and applicationthie ERP system, furthermore the organization

is ready for further digitalizatioar new technologies implementation and application

The abovddentified levels will support therganization on the evaluation maturity level

of implementation and application of ERP systémtheir organization.

4.7 Summary

Theproposed maturity model ERPMM is presented. All the items of the model, also the
weight of construis and items which are used for the assessmethedRP maurity
mode| are described. The classification level of ERP nitis presented. Based on the
proposed ERP ntarity model, the organization can be classified on five lewdtsr
Compliant, Subsintiall-Compliant, PartiallyCompliant, Compliant, FuliCompliant

Each of the ERPMMlassificationevels are presented and described.
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5 RESULTS OF MATURITY MODEL VALIDATION

The undertaken study anadd the current state tifeart of ERP systesimplementation

and applicationlt also analyedthe relationship of ERP systems with the Industry 4.0
approachBased on the aisand objectives of the thesis and the problem statement, the
research questions and hypotssge generated amulesented chapter one of the thesis

alsg the detailed applied methodology is desatiimtheMethodology chapteirnitially,

by investigéing andgatheringthe literature reviewif was developed new theoretical
maturity model to measure the maturity of ERP systems implementation and application
and the role of ERP application to predict the readiness of organzamut the
Industry 4.0 Based on the developed maturity modejuestionnaire is generated the

purpose of data collection in support of model validation.

The study is done Bad ona quantitative methodologyThere were 9Tesponders
collected from organizatios that already have implemented and are applying ERP
systems.Various management leveis the organizatiamtook partin the study.The
research wasindertaken in different industriesuch as Wholesale & Distribution,
Manufacturing, Retail ICT, Professional & Financial Services, P@stor, Educatign
Healthcare, OtherAlso, the size of the organizatiomas classified by the number of
employees, were 34.07% of responders where from organizatieith 50 i 249
empbyees, 31.87% with 1049,29.67% with 250and moreemployees while the rest of

the organization are classified with 9 employees

Table20 Selected=RP vendor

ERP Vendor Number of Percentage

Organizations

Microsoft 37 40.66%
Open Source 6 6.59%
Oracle 6 6.59%
SAP 3 3.30%
Infor 1 1.10%
Other 38 41.76%
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Based on thetudy, in Kosovq the most implemented ERP vendor is Microsoft Dynamic
with 40.66%, while in the second place are Open Source ERP vendors with &r&b%
in the same position stands Oracle with 6.59%. SAP is implechentg on 3.3% of the
organizatios, followed by Infor with 1.1%. The rest of the organizatgril1.76%,
declareghat they implemented other ERP versior

Table21 Deployment option
Deployment option Number of Organizations Percentage
Cloud ERP 20 21.98
On-Premises 52 57.14
SaaS Software as a Service 19 20.88

Based on TableX? it is seen that most of the organizatievith 57.14% have chosen to
implement their ERP system éRremises, while 21.98% of the organizatideclared
that they have Cloud ERP deployment option, and 20.88% of the organszatising
SaaS Software as a Service as a deployment way.

For the prpose of examination of the reliability and validity of the motied following
analysis has been done: Average Variance Extra&t¥@&, Cronbach's alpha, Composite
Reliability, and Loading. The final version of the model has 35 variablesfiemd

constucts.Below are presented the analysis for the model evaluation

5.1 Model reliability and validation

Considering the objective of the researclléwelopa model to measure the maturity of
implementation anepplication of ERP systems, th@lowing analysis habeen done to

t est the significance ®fr atheegiicmpuascee dfat
constERRt Se lAi&RRI impr ce,mefnt &RARA@PmPd iamd ifono; t
of AERP Selectiono on Ihatéenmtonoomntdr u ERP
the i mpact of AERP | mplementationo on | a
the i mpact of AERP Applicationo dructudalat ent
Equation Modeling was used as SEM allow$o measte any combination of
relationships by examining a series of dependent relationships simultaneously while

considering potential errors of measurement among all variapésrk et al., 2014)
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The twastageapproach for data anlis using SEM proposed by Gerbing and Anderson
was appliedGerbing & Anderson, 1988At the first stage, emeasuremennodel was

estimated usin@onfirmatoryFactorAnalysis (CFA), presented in Talf2.

Table22 Loading for the initial model

Item Construct Loading Removed

1.1 IT and Business strategy are aligned  Strategic use of IT 0.579089  YES
the organization has clearly defined go

and objectives

1.2 Top management support exist  Strategic use of IT 0.645408 NO
strategidnvestment projects

1.3 Feasibility study is done for technic Strategic use of IT 0.749034 NO
and human resources and infrastructure

1.4 Crosgdepartment cooperation is smoc  Strategic use of IT 0.620645 NO
and effective

1.5 Employees are proactively involved  Strategic use of IT 0.727667 NO
digitalization and they support the busine

changes

1.6 The organization has a clear vision Strategic use of IT 0.780399 NO
ERP implementation

1.7 Costbenefit analysis is part of ER Strategic use of IT 0.738303 NO
implementation and application

1.8 Organization is prepared for Chan Strategic use of IT 0.665153 NO
management and Business Proc

Reengineering

2.1 Top management firmhgupport the ERP Selection 0.751316 NO
evaluation team in the ERP selection proc

2.2 The ERP vendor and implementati ERP Selection 0.805787 NO
partner have a strong portfolio in terms

technical and financial capacities

2.3 The vendor angnplementation partne ERP Selection 0.788795 NO
have a suitable solution that results

organization benefit

2.4 The vendor and implementation part ERP Selection 0.73124 NO
understand the organization culture &

industrial norm
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2.5 The evaluation team involves bol
management and user representatives
2.6 An external ERP consultant is involv
in the evaluation team

2.7 The hardware and infrastructure are a
affordable cost tensure functional systel
performance

2.8 Organization has run a pr
implementation pilot

3.1 The scope and objectives are cles
identified by the implementation team

3.2 The project is implemented on time
3.3 The organization is well trained to acc:
the changes for the best practices for a 1
ERP system

3.4 The implementation partner chridge
the gap between the existing workflow a
new ERP business practice by appropri
change management in the organization
3.5 Employee's user training during El
implementation is effective

3.6 External ERP consultant engagem
resultedwith succes®n implementation
3.7 The project is implemented on budge
3.8 Implementation strategy has be
appropriate

4.1 The organization achieved the goals :
objectives to implement and apply the El
system

4.2 The organization reduced manufactur
or service offering lead times

4.3 Processes are automated and functio
4.4 Communication between tt
departments is digitalized and efficient

4.5 Easier job for employees

ERP Selection

ERP Selection

ERP Selection

ERP Selection

ERP Implementation

ERP Implementation

ERP Implementation

ERP Implementation

ERPImplementation

ERP Implementation

ERP Implementation

ERP Implementation

ERP Application

ERPApplication

ERP Application
ERP Application

ERP Application

0.746343

0.356552

0.634905

0.565952

0.686166

0.784892

0.697557

0.753799

0.759116

0.467527

0.745345
0.830956

0.74797

0.762035

0.802104
0.705991

0.715672

NO

YES

NO

YES

NO

NO

NO

NO

NO

YES

NO
NO

NO

NO

NO
NO

NO
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4.6 Departments are integrated into a sir  ERP Application ~ 0.701435 NO

ERP system

4.7 The organization reduce ERP Application  0.482861  YES

operating/labor costs

4.8 The organization has successft ERP Application  0.778513 NO

adopted business changes and tl

supporting processes (people, IT, cultL

etc.)

5.1 ERP implementation and application « Performance 0.648486 NO

ERP resulted in Increased profit Indicators

5.2 Improved delivery time o Performance 0.800748 NO

product/services Indicators

5.3 Reduced administrative workload Performance 0.811706 NO
Indicators

5.4 Improved interaction  betwee Performance 0.822393 NO

department, customers, and suppliers Indicators

5.5 Business success in terms of sales Performance 0.735955 NO

market share Indicators

5.6 Organization achieved tgeals tacreate Performance 0.659785 NO

new innovative product/services Indicators

5.7 Reduced costs Performance 0.687211 NO
Indicators

5.8 Availability of information and bette Performance 0.705137 NO

decisionmaking Indicators

Also, the reliability and validity of the latent factors used in the model were investigated

at the given stage.

At the secondStructuralEquationModeling(SEM) was used to test the significance of
HRRPR SDal dcttie
AERPI mpl| ement £RAA@mPd i&amad ifono; the i mpact of

the relationships of variabléiSt r at egi ¢ use of

constructs nERP | WRP e Mgmtl atciadn @nand t lie
| mpl ement ationo on | atent construct AERP
Applicationo on | atent construct APerf or.

A total of 91 respondents answered the questionnaire. At the first step measurement

model was estimated using all 40 items. Considering a relatively small sample size PLS
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approach was applied (using plspm package of R)gdbdnes®f fit index of the modl

(GoF index) was 0.53 that was between 0.45 to 0.9 that is considered as a range of GoF
index foratrue model(Evermann & Tate, 2010)To improve the model, according to
Awang itemsthat have loading < 0.6 presented inTable 22 are considered as

Apr obl e maTheedtems are omenteril T and Business strat
the organization has c | ¢ fmomlconstrdceStratagie ase g o0 a
of IT,twoitemsfi An exter nal ERP consul tantand s i n
AOr gani zrantaprea mpH eesment)tfi ooom p €ERPBe ltoe wtcit o Mo ,
tem@A Ext er nal ERP consultant engagement r e
from coBRPtirmpdtemént at i on @iTheaarganizabion ereduced e m
operating/labor cost8 f r om @ERBRMAPtpd u « @wdingy BO#). Therefore,

these items were removed elmgone as proposed by Awai@wang, 2014) Thus,the

final model includes 35 items and five latent variaj@gssshown in Tabl23. Descriptive

statistics for latent variables are reported in T@dle

Table 23 The final measurement model with estimated loadings and validity and reliability
statistics

Constructs and Items Standardized Cr o n b a Composite AVE R
loadings alpha reliability squared
Strategic use of IT 0.84 0.88 0.50

1.2 Top managemen 0.62
support exist in strategi
investment projects

1.3 Feasibility study is don 0.75
for technical and huma
resources and infrastructul

1.4 Crosgdepartment 0.63
cooperation is smooth ar

effective

15 Employees ar 0.76
proactively involved in
digitalization and they

support  the busines

changes
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1.6 The organization has
clear vision of ERF
implementation

1.7 Costbenefit analysis is
part of ERP implementatio
and application

1.80rganization is prepare
for Change manageme
and Business Proce:

Reengineering

081

0.73

0.65

ERP Selection

2.1 Top management firml
support the evaluation tea
in the ERP selection proce:
2.2 The ERP vendor an
implementation partne
have a strong portfolio it
terms of technical an
financial capacities

23 The vendor an
implementation partne
have a suitable solution th.
results in  organizatiol
benefit

24 The vendor ani
implementation partne
understand the organizatic
culture and industrial norm
2.5 The evaluation tear
involves both manageme!
and user representatives
2.7 The hardware an
infrastructure are at a

affordable cost to ensur

0.75

0.8

081

0.74

0.74

0.64

0.85

0.89

0.57 0.33
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functional systernr

performance

ERP Implementation 0.88 0.90 0.57 0.66
3.1 The scope an 0.69
objectives are clearl
identified by the
implementation team

3.2 The project is 0.78
implemented on time

3.3 The organization is we 0.72
trained to accept th

changes for the be:
practices for a new ER

system

3.4 The implementatiol 0.76
partner can bridge the ge

between the existing
workflow and new ERF
business practice b
appropriate chang
management in th
organization

3.5 Employee's user trainir 0.77
during ERP implementatio

is effective

3.7 The project s 0.73
implemented on budget

3.8 Implementation strateg 0.
has beemppropriate

ERP Application 0.87 0.90 0.57 0.63
41 The  organizatior 0.77

achieved the goals ar
objectives to implement an

apply the ERP system
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4.2 The  organizatior
reduced manufacturing ¢
service offering lead times
4.3 Processes are automa
and functional

4.4 Communicatior
between the departments
digitalized and efficient
4.5 Easier job for employee
4.6 Departments ar
integrated into a single ER
system

4.8 The organization h
successfully adopt
business changes and t
supporting processes (peo
IT, culture, etc.)

0.77

081

0.72

0.71
0.70

0.77

Performance Indicators
5.1 ERP implementation
and application of ERF
resulted in Increased profit
5.2 Improved delivery time
of product/services

5.3 Reduced administrativ
workload

5.4 Improved interactior
between departmen
customers, anduppliers
5.5 Business success
terms of sales and mark
share

5.6 Organization achieve
the goals to create new
innovative product/service:

5.7 Reduced costs

0.64

0.80

0.81

0.82

0.74

0.66

0.68

0.88

0.90

0.54 0.54
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5.8 Availability of 0.71
information and bette

decisionmaking

Table24 Descriptive statistics of the latent construct

95% Confidence interva Standard

Max Min
Variable Mean low high deviation value value N
Strategic use IT 422 4.10 4.33 0.55 5.00 2.75 91
ERP Selection 4.17 4.06 4.28 0.54 5.00 2.88 91
ERP Implementation 4.16 4.04 4.28 0.60 5.00 2.63 91
ERP Application 431 421 4.42 0.53 5.00 2.75 91
Performance Indicator 4.20 4.09 4.31 0.55 5.00 3.00 91

According to Table3, all loadings have valudarger thar0.6, indicatinghat themodel
has no fApr olfbsephd. f.ietcal., ROL@BIs0,s26 of 35 items have loading
values largethan0.7,i ndi cat i ng that the model has
is evidenceto consider all items as e&ptable supportinthe convergenwvalidity of the
model. The reliability of theconstructswasi nvesti gated wusing
composite reliabilitys t at i .sAll thewsalyues of Cronbach©és
(Strategic_use_of IT) to B8Performace Indicatorsand ERP Implementation),
exceedinghe level0.70recommendedy Nunnally(Nunnally & Bernstein, 1978)hus,

the internakonsistency of allhe latent construcis acceptable. Also, all valuesf fory

both samples are more significant thidwe threshold 0.70 mposed by Fornell and

Larcker as amcceptabldevel (Fornell & Larcker, 1981)Thus, allvaluesof ¥ suppo

construct reliability of thenodel forall latent variablegJoseph J. Fet al, 2010)

TheAverageVarianceExtracted (AVE) was estimated explore the convergent validity
of the model As shown in Tabl€3, all constructs have AVEalues that exceethe
acceptable level 0.5 suggestedlogeplet al.(Joseph J. Fet al, 2010) Thus themodel
reportedn Table23 indicates aracceptable level of convergeralidity.

Then, discriminant validity was tested. Discriminant validity investigdtedorrelation
matrix. As shown in Tablg5, all correlation coefficients between constructs veenaller
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thanthe threshold.85, indicating no significant overlap between the const{Aetang,
2014)

Table25 Correlation matrix

(1) (2) 3) (4) (5)

Strategic use of IT 1 0.57 0.56 0.65 0.52
ERP

Selection 0.57 1 0.81 0.74 0.61
ERP

Implementation 0.56 0.81 1 0.7 0.59
ERP

Application 0.65 0.74 0.7 1 0.74
Performance

Indicators 0.52 0.61 0.59 0.74 1

Thus, the model indicates acceptable discriminant validity.gboeines®f fit index of

the final model (GoF index) is 0.55 that meets the rafi@45 to 0.9 fothe truemodel
(Evermann & Tate, 2010) Consi deri ng t hat AV E, Cr o
reliability, and loading values indicated a good fit, the model fit in general can be
consderedas acceptable.

Modern data science methods and algorithms were tested in order to validate the model.
The following methods were applied: regression trees, logistic regression;falid k
cross validation were tested. Based on the previous stadgsall dataset can impact
giving not an accurate result of the mbd&lso, experts from data science techniques
were consulted and confirmed that in order to get reliable rethdtslata set size must

be larger Considering that modern data sciencehoés and algorithms require large

data set to give reliable results after analyzing, in the future, after the database population,
data science methods should be used for further investigation of the model.

5.2 Summary

In the beginningthere are presentethe distribution of the ERP vendemhich the

organizatios participated in this study have implemented. Also, the selected deployment

option is presented where the most selected ¥w@mises with 57.14%, followed by
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Cloud ERP and SaaS. Thichapter presents all the anafythat are performed in order
to validate the proposed ERP matyntodel. Cosidering theresults ofapplied methods
for model validation, the model is accepted.
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6 RESEARCH QUESTIONS AND HYPOTHESES TESTING

In order to achieve the aim and objectives of the sttalyest the hypothes and to
answer the research quessaf the studythe path analysis was conduct&diring the
hypothess testing, fithe correspondindpading is positive and significantly differs from
zero, then theorrespondinghypothesisis supported. Considering that PLS is@n
parametricmethod, bootstrapping (500 replications) was applied to calculate standard
errors of the path kdings. According to Ravand and Baghaei, the parameter evaluations
received within the PLS methpd/hich are more than twidargerthantheir standard
errors could be considereds significantly different from zero at the significance level
0.05(Hamdollah & Baghaei, 2016)

The graphical presentation of the model with loadisgtisplayedn Figure13.

ERP Selection

Performance
indicators

ERP
Implementation

Strategt
use of IT

H3.1: 0.74*

ERP Application

Figure11 Graphical presentation of the model with the factor loadings
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6.1 Hypotheses testing

Below is a description and results for each of the hypeghafsthe study and ansvego
the research question of this thesis.

Main Hypothesis H1 - Strategic use oflT significantly and positively affects ERP
Implementation

After the theoretical development dahe model, the construct of Strategic use of IT
contained eight item®uring the validation of the model, oré the itens, il T an d
Business strategy are aligned and the organization has clearly defined goals and
o bj e cHhad lvadilgdowerthanQ.&hi ch i s consi dered as fr
is removed from the construct. On the other himeE.RP Implementation catruct had

eight items, and after validatipone o f t Bxéemal BRP consultant engagement
resulted withsuccess on implementaton had | oadi ng | ower t han

from the final costruct.

Table26 H1 - Strategic use of IT significantly and positively affects ERP Implementation
hypothesidesting results

Standardized 95% Bootstrap ClI
path
Path (Hypothés) coefficient lower upper
H1: Strategic use of IT-> ERP
Implementation 0.60* 0.45 0.72

* - significant at the level 0.05

The final comstruct of Strategic use of IT and ERP Implementati@sused to test the

H1 hypothesisAccording to the analysigresentedn Table26, the corresponding path

coefficients are positive and significantly diffeom zero at the significance level 0.05.
Considering this, at the significance level 0.@rategic use of IT significantly and
positively affects ERPwhich confirms that H1 is accepted.
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Sub-Hypothesis HL.1 - Strategic use of IT significantly and positively affects ERP
Selection

To identify if the strategic use of IT on the organization affects the ERP Selection, the
H1.1 hypothesis was generated. As it is described on the model validation, one of eight
items Al T and Business strategy are aligned
and objectiveso of Strategic use of | T he
construct, while on the ERP Sel ecERPon co
consul tant IS Il nvol ved in the eval-uatic
i mpl ementation piloto were r e2hpresensithef r om

results of H..1 hypothesis testing.

Table27 H1.1- Strategic use of IT significantly and positively affects ERP Selection hypothesis

testing results

Standardized 95% Bootstrap Cl

path
Path (Hypothés) coefficient lower upper
H1.1 Strategic use of I'T™> ERP Selection 0.59* 0.45 0.70

* - significant at the level 0.05

H1.1 - Strategic use of IT significantly and positively affetctee ERP Selection
hypothesis is acceptedgarding thathe corresponding path coefficients are positive and

significantly differ from zero at the significance level 0.05.

Sub-Hypothesis HL.2 - Strategic use of IT significantly and positively affects ERP
Application

Based on the results presentedlrable28, H1.2 - Strategic use of IT significantly and
positively affects ERP Application is acceptednsidering thathe corresponding path

coefficients are positive and significantly differ from zero at the significance level 0.05.

Table 28 H1.2 - Strategic use of IT significantly and positively affects ERP Application

hypothesis testing results

Standardized 95% Bootstrap Cl
path

Path (Hypothés) coefficient lower upper
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H1.2 Strategic use of IT> ERPApplication 0.65* 0.55 0.77

* - significant at the level 0.05

The final construct of Strategic use of IT contains seven items after one item was removed
during the model validation, on the other hatie final construct of ERP application
contains seven it enfhe olganzadianseducen wperatingllabori t e

cost¢# had | oading | ower than 0.6 and were r

Main Hypothesis H2 - Appropriate ERP Selection has a positive impact on ERP
Application
To understand if ERRpplication success is relatdd the ERPselection, the H2

hypothesis is generated. The ERP Selection construct before the validation of the model

contained eight items, while during tiea | i dati on two of the it
consul tant i S i nvol ved in the eval-uatio
i mpl ementation pilotd had | oading factor
construct, while on the ER#pplicaionconstruco ne of t he ei ght i tem

reduced oper anasremgved bachuse of leadirgy fastar lower than 0.6.

Table29 H2 - Appropriate ERP Selection has a positive impact on ERP Application
hypothesidesting results

Standardized 95% Bootstrap ClI
path
Path (Hypothes) coefficient lower upper
H2: Appropriate ERP Selection> ERP
Application 0.55* 0.41 0.70

* - significant at the level 0.05

Table29 presents thH2 testing results, whesecording to theesultsthe corresponding
path coefficients are positive and significantly differ from zero at the significance level
0.05. Considering this, at the significance level 0Aapropriate ERP Selection has a
posiive impact on ERP Applicatignvhich confirms that 2 is accepted.

Sub-Hypothesis H.1 - Appropriate ERP Selection has positive impact on ERP

Implementation
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The testing results of 211 - Appropriate ERP Selection has positive impact on ERP
Implementation approves that this hypothesss accepted considering thahe
corresponding path coefficients are positive and significantly differ from zero at the
significance level 0.05. So this pgthesis proves that there is &atienship between the

ERPselection and EREmplementation success.

Table 30 H2.1 - Appropriate ERP Selection has positive impact on ERP Implementation

hypothesis testing results

Standardized 95% Bootstrap Cl

path
Path (Hypothes) coefficient lower upper
H2.1: Appropriate ERP Selectior> ERP
Implementation 0.69* 0.55 0.84

* - significant at the level 0.05

Results of the B.1 hypothesis testing are preseniedable30. For the final version of
hypothesis testing, the ER#lection construct contained seven items, also the ERP
Implementation seven items. All the items that had loading lower than 0.6 were removed

during the model validation.

Main Hypothesis H3 - ERP Implementation has a significant and positive impact on

ERP Application

To understand i& successful ERBpplication could be impacted by the process of ERP
implementabn, the B hypothesis was generated. Based on the testing results presented
in Table 3, it is verified that KB - ERP Implementation has a significant and positive
impact on ERP Applicationsi accepted, considering thahe corresponding path

coefficients are positive and significantly differ from zero at the significance level 0.05.

Table31 H3 - ERP Implementation has a significant and positive impact on ERP Application

hypothesis testing results

Standardized 95% Bootstrap CI
path

Path (Hypothas) coefficient lower upper
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H3: ERP Implementation -> ERP
Application 0.29* 0.09 0.53

* - significant at the level 0.05

After the model validation, for Blhypothesis testing were used seven items from ERP

Implementation, and seven items from ERP Application.

Sub-Hypothesis H31 - ERP Application has a positive impact on Performance
Indicators

During the theoretical model validation, one of the eight items of BRBtication

constructas it is mentioned in the previowescription is remoed from the final
constructbecause théoading factor was lower than 0.@vhile the final construct of

Performance Indicators contains eight items.

Table32 H3.117 ERP Application has a positive impact on Performance Indicators hypothesis
testing results

Standardized 95% Bootstrap ClI
path
Path(Hypothess) coefficient lower upper

H3.1: ERP Application -> Performance
Indicators 0.74* 0.65 0.81

* - significant at the level 0.05

Based on the analysis on Tabl2 Bypothesis H3 - ERP Application has a positive
impact on Performance Indicators is accepted consideringhatorresponding path

coefficients are positive and significantly differ from zero at the significance level 0.05.

Main Hypothesis H4 - ERP Application can support organization to evaluate their
readiness for Industry 4.0

In support of the aim that ERP application can be used by the organization to check if
they are ready for further digitalization of their organization, specifically for Industry 4.0
technologies, th H4 hypothesis \as generated. Table33presents the # hypothesis

testing results.
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Table33H4 - ERP Application can support organization to evaluate their readiness for Industry
4.0 hypothesisesting results

Standardized 95% Bootstrap ClI

path
Path (Hypothes) coefficient lower upper
H4: ERP Application -> Industry 4.0
technologies 0.53* 0.36 0.66

* - significant at the level 0.05

While for the testing of hypothesibl4 are considered only items from construct ERP
application and Industry 4.0. The initial construct of ER#plication contained eight
items and the costruct Industry 4.0 contained thirteen items. After the statistical
analysis, the loading factor for one itéfrhe organization reduced operating/labost®

from construct ERRpplication and nine items from construct Industry 4.0 have loading
< 0.6. In this casehese items where removed. After the item removal, the final analysis

for hypothesis M is done, where the hypothesis is accepted.

According to previous analysis and hypo#setesting results, all the main hypotheses
and subhypothess are supportedconsidering thatll corresponding path coefficients

are positive and significantly différom zero at the significance level 0.05.

6.2 Research questions

The answers to the research question of the study are presented below:

Research Question 1- What is the relationship between ERP selection, ERP
implementation and ERP application withthe organizationd EI' Strategy?

During this study, there ardertified factois thatare importat during the definition of
the organizatiosIT strategy and also for ERelectionjmplementation and application.
Top management support for investing in IT prgesas one of the facterthat is
identified aghe criticalpoint during the IT strategy developmeAtso, the involvement
of emgoyees as a stakeholderdgtconsidered anotheritical factor,while for the planned
project it is essentiahlso that feasibility studies should be done in order to chebk if

organization has technical and human resources to support the implementatiol of the
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projects. For the ERP projects, ig essentialtha there should be croskepartment
cooperation to support smooth and effective business processes to ensure that the
requirements for ERP implementation can be carefully defined based on the
organizatiofs culture. The aim ofthe organization for ERP implementation and
application should be defined cleain IT strategy by developing the vision of ERP
implementation and flowed by an analysis of cebenefit for ERP implementation and
application it is #al as an initial point before starting this procdasorder to validate if

the mentioned points of IT strategy regarding the ERP implementation and applicat
and ifthere is a relationship between IT strategy and ERP selection, implemeraation
application,one main hypothesis and two skgpothess, H1 - Strategic use of IT
significantly and positively affects ERP Implementation, Hi.$trategic use of IT
significantly and positively affects ERP Selectiand H1.2- Strategic use of IT
significantly and positively affects ERP Applicatiomere generate@ased on the results

of the hypothess testing, it is confirmed that: Strategic use of IT significantly and
positively affects ERP Selectioi®trategic use of IT significantly and positively affects
ERP ImplementationStrategic use of IT significantly and positively affects ERP

Application.

Research Question 2 What is the impact of ERP selection on ERP implementation

and ERP application?

To assess the impact of ERP selection on ERP implementation and application, based on
the literature review, the critical success factors that affect this process are identified
During the ERP selection, there are categorized many factors that must be considered
For the purposef selecthg factors that hae the highest impactnly those who are
mentioned mostly by researchers are selected. Based on thiguitiad that durirg the

ERP selection, the evaluation team should have full support on this process, also the
necesgy to involve in the team the management awnds e re@resentative as key
stakeholders for the ERP applicat. The ERP vendor and implementation partner
portfolio in terms of technical and financial capacit@so the solution that ERP vendor

offers andheir expertise to understand the organizatidtuceiand industrial norm where

the organization operates are important factors that must be considered during the ERP
selection. Alspthe selected ERP vendor requirensdiot hardware and infrastructure
should be in linevith the investing capacities tiie organizationBasedon factors for

ERP selectioandfor the pupose of validation of these factand to aswer the research
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question thefollowing hypothess were generatedanain hypothesis H2 Appropriate
ERP Selection has a positive impact on ERP Application sahypothesisH2.1 -

Appropriate ERP Selection hagositive impact on ERP Implementatioffter testing
of these hypothes, it is confirmed thagppropriete ERP Seletion hasanimpact on the
ERP implementation and ERapplication.

Research Question 3 Does the ERP implementation have an impact on the ERP
application?

Many preMous studies have stated that the decision for implementation and application
of ERPsystem is related to the strategy of the organization by defegihe aim and
objectives thg want to achieve for e period of time. Based on this study, derified

that definition of scope and clear objectives by the implementation team andlithe ab

of them to bridge the gaps between the existing workflow and new ERP business practices
should beawell considerediuring the implementatioand application ofne ERP system

Also, the organization should be prepared to accept the changes for the best practices for
the new ERP system during the implementation in order to eliminate the problems when
the ERP system goes live. Another fadtaatis important during the implementati
employee training for the new system usage and operation, while the implementation of
the project in time, planned budgeind the selection of appropriate implementation
technology affects the succesdlodimplementation. Considering the abewentianed

factors, in order to answer thesearclyuestionthe hypothesiH3 - ERP Implementation

has a significant and positive impact on ERP Applicatias been generated. Based on

the literature review and hypothesis testimgs validated that ERP impheentation ha
animpact on the ERP application.

Research Question 4 Is there any significant evidence that ERP application has a
positive impact on organization performance?

As it is stated in the literature review, the ERP applicatiorsogport the organizatit
benefits from these systems in many aredwich are presented on the sthapter othe
Benefits of ERP applicatiomn order to evaluate the successhe@ERP applicationthe

most mentioned facteiidentified byprevious autbrs are considere@®ne of the main
factors is if the organization achiee goals and objectives they had when they decided
to implement and apply an ERP system, followed by the support of ERP application in
the automation of business processes and functionalizatiand reducing the
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manufacturing or service offering time. Also, ERP application should support the
digitalization and integration of communication between the departments in order to
increase the efficiency amdb an easier job for the employeeAt the same timethe
organization should be adopted with tr@wbusnes changes and their new business
process based on the ERP application to support people, techreolggrganization

culture.

Based on the mentied factos that affects the ERP application and the generated
hypothesidH3.1 - ERP Application has a positive impact on Performance Indicators, it is
confirmed that ERP applidan significantly affect the organizatios performance.
Below are mentioned the key performance indicators that resyitasitivemanner after

the ERP application:

U Implementaion and application dERPresulted in Increased profit;
Improved delivery time of product/services;
Reduced administtae workload;

Improved interaction betwedhedepartment, customers, and suppliers;

(B xS e B

Business success in terms of sales and market share;

c:

The aganization achieved the goals to create new innovative product/services;
U Reduced costs;

0 Availability of information and better decisiemaking.

Research Question5 - What is the impact of Industry 4.0 on the ERP systems
approach?

The answer to this question is done based on secondary data. Accotdoahtouthet

al. on a Deloitte reportleclarethat the role of ERP systems will change, from a central
database systerthat collects data, to support mobile rdlased user interaons
(Hochmuth, Bartodziej, & Schwagler, 2017). They declare that if ERP system vendors
want to support Industry 4.0, they need to adapt their ERP systems to the technical and
processelated requirements, ithe context of data storage, data exchange, catd
usage.

Haddareet al, in their researclraised the question if ERP systems are ready for the FoF
(Factory of Future) (Haddara & Elragal, 2015). According to them, within this new

concept of FoF, it is required a r@ahe twoway communication between machines,
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processes, and products. Here comes the question if ERP systems can support such

communication, whia will bring ERPsystemso the next level.

Porter and Heppelmannin their article How Smart, Connected Produase
Transforming Competition, presented an analysis of the impact of IT on the competition
waves (Porter & Heppelmann, 2014). Initially, trggye an overview of the first wave of

IT, which started with automation in the manufacturing industry, with MRP
(Manufacturing Resource Planning) and MRP Il technologies. Then, they continue with
the second wave, where the internet was viewed as an opippfor doing business, by
enabling coordination and integration between different levels across enterprises in focus
to the relation of suppliers and customers in a global market where the Internet was seen
as away for information sharing. This wave) iother words, presents the ERP systems
application. According to Porter and Heppelmann, in the third wave of competition,
operational effectiveness is the key to competition, and smart connected products can
contribute to it by changing the approach toduct design, services, marketing, human
resources, and securitfhe aithors in this article identified four dimensions, how the
usage of smart connected products can contribute. 1. Monitoringimeainformation

related to the operation of productpoeed bythemselves2. Control, the ability to
manipulate, maintaining the machines from a distance. 3. Optimization, managing the
resources by using data generated fromtiea monitoring and optimizing the product
operation and production capacity.Autonomy, adoption to dynamic requirements for
self-optimizing, coordination, and diagnosis. According to the authors alicsan be

concluded that the future of ERP systems is closely related to Industry 4.0 technologies.

In theory, Industry 4.@ontains nine technologieand each of them is related to the ERP
systems Someof them are analyzed below. Starting from the Internet of Things,(loT)
which is the first technology of Industry 4\W@hich should be supported by ERP systems.
With the suppd of 10T, all other Industry 4.0 technologies could be interconnected with
ERP systems. I0T should be an integration point of Industry 4.0 and ERP systems. The
integration of this technology in Industry 4.0 is closely related to communication
protocols bawveen the machines and different framewovidsich should be harmonized

in the future. Nowadays, in most of the cases, data from manufacturing warehouses,
production planning, quality control, processes, and other sources are entered manually

in ERP systms. The use of 10T would help to automatically enter data into ERP systems
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which are collected from different production sources and this would have the effect of
eliminating data entry errors. Entering data through the use of IoT equipment would also
help in changing the approach to ERP systems. There would be another link between ERP
and Big Data Analytics and the other technologies of Industry 4.0. With the use of Big
Data Analytics, ERP systems can enathle collection and evaluation of data from
different sources in reéiime and can help in decision making, quality control, optimizing
costs and other aspects. Also, Simulation the other technology of Industry 4.0, can relate
to ERP through the use of Big Data Analytics for prediction and evaluafidheo
performance of systems that are analytically intractable to simulate in order to test and

optimize the resources.

With the use of ERP systemwhich can be supported by Big Data Analysis in
combination with technologies like smart glassesm be ppliedto Augmented Reality

which can completely change the way how maintenance services and performing works
in the warehouse can be achieved. After the scene has been captured by smarit glasses
can be identified by using data that are storegni&RP system and choosing acdara
information for boosting it for scene processing and visualization of the augmented scene.
Also, employeegan finish their tasks by using these technologies which support of 3D
Visual Enterprise models tieworkplace, getting instruction from ERP s, finding
products in the warehouse, checking if the products are available in the stock and all the
information directly to the smart glasses which help the employers to amddesion

based on the information they are getting form ERP systems.imytheHorizontal and
Vertical integration approach supported by ERP systeamsonomous production
methods can be powered by using Robots that can complete tasks intelligently, with the
focus on safety, flexibility, versatility, and collabomati Different ERP system vendors
should think about integrating and supporting smart connected products into their systems
by applying Industry 4.0 technologies. This integration would be a benefit in generating
value for customers, creating a new competitive emwirent, increasing company
productivity and global economic growthhe benefits of the integration of Industry 4.0

and ERP systems will be very high, especially in support of intelligent machines and
processes, data analytiand modelingwhich can helpcompanies in the redéiime
decisionmaking procesdn support to answeo this question, a hypothesssgenerated,

H4 - ERP Application can support organizatdo evaluate their readiness for Industry

4.0, to understand if ERP application could support the organization for further
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digitalization, specifically for Industry 4.0 technologies. The result 4fhiylpothesis

testing is accepted

Based on the conceptealyzed in this study, ERP systems can be easily integrated with
Industry 4.0, but there are also some challenges when it comes to M2M (machine to
machine) and machine to ERP communications because there are no unified standards
and protocol¢Haddara & Elragal, 2015; Ruf3mann et al., 201&)other essential issue

in Industry 4.0 is security. This is due to the diversity of devices and technologies that are
interconnected and arge amount of data passing through various communication
channels. ERP systems should support G#pssical Systems, which leadsfeature
endto-end vertical integration, from inbound logistics, planning, marketing to outbound
logistics, and servicesAlso, ERP system providers should integrate the MES
Manufacturing Execution Systems into their application, to create a new approach to ERP
systems that could be implemented in manufacturing industries that can have a large

impact and application in Indtry 4.0.

6.3 Summary

Based on the research questions of the study and the hygstinesresults are presented

in this chapter. Each of the hypoteegesting resuitare shown irthe table also are
described based on the hypotetesting results. Afour main hypothess andfour sub
hypothess are acceptedt the significance level 0.05St r at egi ¢ use of |
effecERPoNSefil ecti ono, AERP | mpl ementati or
Selectiono havel mphepaneitint ani direEcRPand ARERP

| mpl ement ati ono have I mpact on AERP Appl
positively affects the ndPer4loypothesis,cERP | nd i
application can be used to predict the readinésheo organization for Industry 4.0,
specifically only for a part of Industry 4.0 technologies such as Predictive Analytics and
Maintenance; Autonomous Systems (vehicles, warehouses, drones); Big Data and
Business Analytics; Machine to Machine Communic&id-urthermore, the answer to

the research questions are presented.
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7 DEVELOPED PROTOTYPE ERPMM

Taking into consideration that identihg the gapsn the implementation and application
process of ERP systems fam organization is very important, ttievelopedorototype
aimsto offer them anore accessiblend simple method of evaluation of their ERP system
maturity. The prototype is developed basednothe proposed ERP maturity model
(ERPMM). Thedevelopedrototypewill enablethe organization to do the evaluatiof

the maturity of implementation and applicationtoe ERP system based on themselves

without the ned for support from anothehird paty.

The prototypeis a webbasedapplication the prototypeis developed as a Client/Server
architecture There are three levels on the system: 1. Clide, 2. Server 8¢, and3.

Database. The web application is developed on PHP and Mg3&t@base

7.1 Client-Side

In order to get the final result or the maturity of implementation and application of ERP
systemsthe users musjo through the following activitiesOn the cliensside, initially,
the organization must be registered in order tothisprototype The data that must be

filled on the registration form are:

U Organization name
U Name

Surname

c:

Email
Passvord
Position on the organization

Country of the organization

[ e B ot B et B

Number of employes on tle organization

c:

Industry

U ERP vendor that organization implemented
U Deployment option and

U Implementaion strategy
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Before sending the data for registration, the representative of the organization must accept
the Terms and Conditions to use tpeototype After succesful registration the
representative of the organization must be logged in by using the emahsswdod
from the registration formAfter a successful logirihe user will see the prototyptome

page as presenteth Figurel2.

. HOME
NEW
Industry types Selected ERP Vendors

ALL A N [ ] Wholesale & Distribution Microsoft

[ ] Manufacturing
AQ B Rew Other

ICT
PROFI u

[ ] Prof & Financ. Services Open Sours

Il Public Sect J—

W Education Orac

[l Healthcare -

[ ] Other SAP

Deployment option Position of the interviewees Organization size

Cloud ERP

On-Premise:

Saa$ - Software as a Service

Muhamet Gérvalla || ERPMM - ERP Maturity Mode!

Figure12 ERPMM home page

The Home page presentsomprehensive dateegarding theorganizatios that have
already used ERPMM. These data include the percentage for each of the industries where
theseorganizatios belong, ERP vendor selection, deployment option, organization size
based on the employee numbemad the position of the usewho hae filled the
ERPMM.

The next step of th@rototypeallows the representative of the organization to start
answering thequestionsfrom the ERPMM. In the first step, the representative should
answer the general question regarding the ERP vendor, deployment option and

implementation strategy, ¢h to go througtive corstructs of the modeland finally to
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get the result of ERP maturity level for thganization The representative is allowed to
answer the questions based onltiieert scale from 1 to 5. FigurE3 shows théorm of

theevaluation process.

NEW ASSESSMENT

Step 1
General Questions.

FAQ 1.1 Which ERP system do you use?
SAP
Oracle
Microsoft
Epicor
Infor
Open Source
Other
1.2 Which Deployment option you have applied?
On-premise
Saas
Cloud ERP
1.3 Which implementation strategy you have used?
Big Bang
Phased
Parallel

Pilat
Hybrid

o

Muhamet Gérvalla || ERPMM - ERP Maturity Model

Figure13 ERPMM prototype evaluation process

After finishing the ERPMM evaluation process, a figsmnilar to Figurel4 will be
presented. Also, the results whiale presented below can be accesaedny time by
using the main ®nu option My Resultspage In this pageit is also presente@
compaison betweemtherorganizatios ERP Maturity Level.
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MY ORGANIZATION ERP MATURITY LEVEL

HOME

NEW ASSESSMENT

MY RESULTS

ALLASSESSENTS My organization ERP Maturity Level
FAQ Maturity Level 4

MY PROFILE

Below is presented your organization ERP Maturity Level p i with other org

Your Organization 4/5

Average ERP Maturity Level of the organizations 415

Muhamet Gérvalla || ERPMM - ERP Maturity Model

Figure1l4 ERPMM prototype assessment result page

The results for all organizatiethat have used ERP Maturity Models can be acddsse

the All Assessmergageon the main menu. This page presents general data regarding the
organization that used ERPMMuch as Industry, number of employees, ERP Maturity
Level, while the company name hidden, and it ipresentechs Company 1, Company

2, etc as it is presented on Figure 15.

All organizations ERP Maturity Level Assessment

HOME

NEW ASSESSMENT

MY RESULTS Company 1 Wholesale & Distribution 10 - 49 employees
ALL ASSESSMENTS

FAQ Company 2 Manufacturing 250 and more employees

MY PROFILE

Company 3 Manufacturing 50 - 249 employees
Company 4 Retail 10 - 49 employees
Company 5 IcT 10 - 49 employees

Figure15 All organization ERPMM results

For the purposef explainin usage cERPMM prototypethe FAQ page is create®n
this pagedetails regarding the ERPMNbageare presented.
While the general data of the organization and user can be accesses using My Profile page

on the menuHFgure 16 presentsa detailal overview of the organizatid®generaldata
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and user detailsOn this pagedata that does not affect the resulttod ERP Maturity

Model, such as email, phone, can be changed.

. MY PROFILE
E SMENT

Organization details User details
Organization Name Name

Company 1 Muhamet
Industry Surname

PROFI|

Manufacturinc B Gérvalla

ERP Vendo Emai
B muhamet gervalla@organizationdomain.com

Deployment Option Phone

Cloud ERP B +38344012345
Implementaten Strategy Paosition

Phased * IT Manager or CIO
Registration date Edit

12/03/2020

Muhamet Gérvalla || ERPMM - ERP Maturity Mods

Figure16 Organization and user profile details

7.2 Server-Side

After the completion of thassessment foron the client side, the web application sesnd
thesedata to the serveside for the calculation, in order the determine the maturity of
implementation and application of ERP system for the organization. Todatadnis
done based on the defined weight of the constructs of the proposed model ERR&MM
weight of each item of the construsgenerated based on the statistical analysis. Finally,
after the completion of the calculatiothe web application returns back to the
representative of the organizationtheclient-side maturity level oimplementation and
application of the ERP systefar the organization All the data will be saved into the
database including their maturity levelas they are mentioned in the Terms and
Conditions which must be accepted during the registration
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7.3 Database

The database is on MySQ#HIl the data that are processed during the maturity level
assessment will be saved into the databbasehe databasedata are saved for one
organizationoneassessmenthe ER diagram of thelatabase ipresentedn Figurel?.

The newprototype which is developed based on the new maturity mogdosedn this
study, will support the organization to measure their maturity of implementation and
application of ERP system with a simple@cess and can access their result any time they
want via tke clientside. Also, the data savedthredatabase will support the organization

to make a comparison where they stand in relation to ERP system maturity level
compared with other organizat®rThe database population will support future work
analysis, wth a focus m the usage of data science techniques for data analytics and

further investigation of the model
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OrganizationMaturityLevel
+ OrganizationMaturityl D

o foniD ERPVendor
nization

ranzato ¢ ERPVendoriD
OrgMaturity_DataTime
ERPVendorName

MaturtyLevel
ERPVendorType

g L}

SurveyResults QuestionOption
& SuveyResutiD +  QuestionOptioniD
OrganizationiD OptionName
~ QuestoniD QuesOptio_Description
QuestionOptioniD
Ly
Questions
+  QuestioniD
CategorylD
QuestionName
DeploymentOption Questionimpact
+  DeploymentOptioniD —
o Organizations g
DeploymentOptionName # OrganizationiD
DeploymentOptionType OrganizationSizelD 4
IndustryTypelD QuestionsCategory
— ERPVendoriD 7 CategorylD
DeploymentOptioniD. CategoryName
CategoryType
ImplementatonStrateqy ImplementatonStrategylD goryTyp
+  ImplementatonStrategylD Locatonid Description
<
ImplementatonStrategyName OrganizationName
ImplementatonStrategyType Registration_Date
8 Locations
+ LocatoniD
b LocationName
Location Description
IndustryType
7 IndustryTypelD
e
IndustryTypeName
IndustryType
Users Surveys OrganizationSize
7 UserD 7 SurveylD + OrganizationSizelD
OrganizationiD OrganizationiD OrganizationTypeName
Positions Name Status OrganizationType
7 PosiionD Sumame Survery_DateTime
PositionName Password Survery_Description
PositionType Hash
UserType
Email
Phone
Position!D

Figurel7 ER Diagram
7.4 Summary

The prototype is developed as a wssed application by using PHP and MySQL
database. This chapferesents details regarding the registration also on the fuaittien
prototype ha Furthermore, all the optisrthat this prototype offers are presented and
described, includin§igureson theclient-side and the ER diagram of thatabase.
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8 CONCLUSION

This thesis analges the evolution of ERP systems and the current trends of
implementation and application of ERP systemtt afocus on further digitalization of

the organizations The obstacles that organizatsoriace during the processf o
implementation obn ERP system are identified by previous researchers and refibrts
least30% of the organization stiflo not know if they succeed in the implementation and
application of ERP systesnwhich confirms that orgnizatiors are struggling with this
process. Considering this, the organmadi arehaving difficultiesin the evaluatn of

ERP system implementation and applicaton their business performance. Poasi
studies have identified many critical successtdies that havean impact on the
implementation and application of ERP. Researchers have identified and proposed
differentframeworksof implementation and application of ERi’stemsHowever, after
analyzing all thdrameworksin the content, it is viewethat almost all thérameworks

have similar activities, except that they are positioned in different implementation and
application stages. The most significant difference identified during this research is in the
Esteves & Pastor framework, in the sixth stage, the retirement stageg Ehis study,

there are identified three ERP maturity modeétare developed by previous researchers

in supportof the evaluation of ERP system implementation and application. The current
ERP maturity models are very complex to be used by orgamzatiso, they lack
defining the complete processhich supports the organization to check their maturity
level of ERP systems lihemselves

On theotherhand Industry 4.0 is seen as the beginning phadere computers and
automation become connectadd as an opportunity to increase the efficiency and
effectiveness in the manufacturing industry. With the application oftireael data and
information by integrating physical machinery and devices with networked sensors and
softwareto predict, controdnd reduce costs in a lotgrmview. Regarding the Industry

4.0 and ERP system integratjqorevious studies proposed that ERP system vendors
should adopt they ERP systems to technical and proekdsd requaments withafocus

on data storage, data amange and data usage, also to support the -tiead
communication between machines, mses and products or smart products. Compared

to the prewous researchers, where the focus is mostly in integratidnrcommunication
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of ERP systems and Industry 4tlis thesis is focused momn the readness of the
organizations for further digitalizatiprspecifically for Industry 4.0 technologies as a
proces of implementation and applicationtireorganizationAlso,in line with prevous
researches, challenges for integration of Industry 4.0 with ERP systems are presented

Considering the mentioned pointsew technological changes and the need of the
organization fo further digitalizationthere was a need tievelop anaturity model that
suppors the organizatiogin the evaluation of their position regarding the ERP system
maturity on their organizains. Based on the undertaken studlyis proposed a new
maturity mode(ERPMM)to measure the maturity of implementation and application of
theERP system in the oagization.The model contasifive constructs: Strategic use of

IT, ERP Selection, ERP Implementation, ERP Applicateord Perfomance Indicators.

The application of the proposed maturity model and ERPMM prototype should support
organizatios to reduce th failure rate of implementation and applicationtlud ERP

system.

The study is based oa quantitative methodology. After the new theoretical model
development, for the purpose of validation and reliability check, a questionnaire was
developed. The quesnnaire was sent to different industries in Kosad it was filled

by different management levels of organizasioRor the purpose o¥alidation and
reliability check of the modelthe following analysis as applied Average Variance
Extractedi AV E , Cronbachés al pha, Co.npedaadingpe Re
values for all items of the model are larger than 0.6, where 74.28% of them are considered
as nideal i temso | oadi ng hildaylcheekss ddnabagee r t
on Cranbachs alpha, where all the valuesged from 0.84 for Strategic use of IT to&.8

for Performancéndicatorsand ERAmplementation, that proves that internal consistency

of all latent constructs is acceptable whereGlreo mbach 6s al pha excee
recommended. Also, all the constructs exceed the level obfO&verage Variance
Extracted AVE, which confirms that the level of convergealidity is acceptableéAlso,

the discriminant validity is investigatdzhsed on the correlah matrix that resulteth

less than 0.85 correlation of coefficients between constnubish proves that there no
significant overlap between the constructs. §bednes®f fit index of the final model

(GoF index) is 0.55 that neés the rangef 0.45 to 0.9 fothe truemodel (Evermann &

Tate, 2010) The proposed maturity model for ERP system imgdation and
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application will enable organizatierio evaluatethe maturityof implementation and
application of an ERP system, and whether they should do something in the way they are

applying such a system.

The study shows that theresigelationship between all tltageof ERP implementation
and applicationstartingwith the organizatios IT strategy to the ERP applicationaged

on the hypothess of the studyit is proved thathe strategic use of ITsignificantly and
positively affects the ERRBelection,implementabn andapplication. Also, the study
shows that apppriate ERP selection hasn impact on the implementation and
application based on the hypothegigpropriate ERFSelection has positive impact on
ERP Implementation andppropriate ERP Selection has a positive impact on ERP
Application. The study proves thaERP implementation lsaimpact on the ERP
application, which is proved with the hypothesis ERP Implementation has a significant
and positive impact on ERP Applicatioflso, there is significant evidence that ERP
application hasa positive impact on the organizatierperformance based on the
hypothesis ERP Application has a positive impact on Performance Indicators.

Based on the statisticahalysisi,t is proved thapartially ERP Application can be used
to predict the readiness of tlerganizatios for the Industry 4.0 specifically for:
Predictive Analytics and Maintenance; Autonomous Systems (vehicles, warehouses,
drones); Big Data and Business Analytics; and Maeho Machine Communications.
For a complete evaluath ofthereadiness athe organizatios for Industry 4.0 based on
ERP application further studies are needed to be doAkso, the study presents an
analysis of the integration of ERP almdiustry 4.0 which is done based on secondary
data. The studydentifiesthe chalenges of integration of current ERP systems with
Industry 4.0Furthermorebased on theesearchthere are many challenges related to the
integration of Industry 4.0 andurent ERP system&specially when it comes the
machine to machine, machine to ERP communicatma the security of the data.
Because theraredifferent ERP vendors, drdiversity of devices and technologies that
are a mustto beinterconnected,he ERPsystemvendors should think about finding
solutiors and creating protocols that will support the integratodrntechnologies in

support of Industry 4.0.
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Based on the proposed matyrimode] it is developed grototypethat suppas the
organization to evaluatiés status of ERP system implementation and application. The
prototypeis dewloped as aveb application. It use<lient-server architectureandwas
developed in PHRNdMySQL database.

The main contribdions of this study are:

U Identifiesand presestthecurrent statusf implementation and application thfe
ERP systenand ERP maturity models

0 Analyzesthe role of strategic use of lin the process of ERP selection,
implementationand applicabn;

U Analyzesthe impact of ERP selection on implementation and application also the
effect of ERP implementation dheapplication

U Identifiesthe ERP application effect on business performance also the ability of
the organization to evaluate their readss for further digitalization based on the
ERP application

U A new ERPMaturityModel (ERPMM)to support the organizatisior evaluation
of implementation and application thfe ERP systenis developed;

0 A developedprototype that apps ERPMM to supportorganizatios for ERP

maturity level assessment

The work that has lemdone during this research will support organizattorunderstand

or investigate where they sthrn relation to the ERP system implementation and
applicationand doesthis investment achiegavhat they planned on their organization
strategy. On thether handa successful ERP implementation and application which
could be measuredith the usage of proposed ERPMMpports them on decision
making for further digitalization of their organizatidhis important that ERP vendors

should add new services to their ERPs towardsdng4.0.

Future work must be on the usage of proposed ERRiVilthe organization on a global
level with a large number of organizations, to understand the potential tirthzdc
ERPMM will have on themanagerial levelAlso, the potential positive impact that
ERPMM may have on decision makingthe context of new IT investments based on
the ERPMM classification for those who are identified as ready for further digitafizati

Due to the research limitation, considering that modern data science methods and
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algorithms require large data segivereliable results after analyzing, in the future, after
the database population, data science methods should be used forriugbggation of

the modelBelow are presentiesomedirectionsfor future studies:

U Analyzing the potential effect othe proposed ERMMaturity Model from the
perspective of managerial leyel

U Investigating the role thahe proposed ERPMaturity Model has on further
digitalization of the organization

U Are the ERP vendors ready to support complete integration of ERP system with
Industry 4.0in support othe organization;

U Analyzing the poental that ERP systems and Industry 4.0 integration could have

onthe organizatios performarce

130













































